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The Galaninergic System
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Contributor: Manuel Lisardo Sanchez , Rafael Coverias

Peptidergic systems play an important role in cancer progression. The galaninergic system (the peptide galanin
and its receptors: galanin 1, 2 and 3) is involved in tumorigenesis, the invasion and migration of tumor cells and
angiogenesis and it has been correlated with tumor stage/subtypes, metastasis and recurrence rate in many types
of cancer. Galanin exerts a dual action in tumor cells: a proliferative or an antiproliferative effect depending on the
galanin receptor involved in these mechanisms. Galanin receptors could be used in certain tumors as therapeutic

targets and diagnostic markers for treatment, prognosis and surgical outcome.

galanin galanin receptor galanin receptor antagonist galanin receptor agonist

| 1. Introduction

The GLOBOCAN 2020 database (World Health Organization (WHO)) states that of the 7,794,798,844 inhabitants
of our planet, 19,292,789 of them were diagnosed with some type of cancer and 9,958,133 died, with prevalence
cases at 5 years of 50,550,287. Female breast cancer is the most diagnosed cancer and the leading cause of
cancer death is lung cancer (1.8 million deaths) [l In 2040, 28.4 million patients suffering from cancer are
expected in the world L. These data are sufficiently representative of the health problem that cancer represents
today. Cells, escaping from normal behavior, acquire distinctive characters (evading growth suppressors,
maintaining proliferative  signaling, allowing replicative immortality, resisting cell death, activating
invasion/metastasis, inducing angiogenesis) that make them cancerous [ (Figure 1). Moreover, the
reprogramming of energy metabolism and evasion of immune destruction have also been added to the previous
hallmarks of cancer [. These behaviors arise from the instability of the genome that produces genetic diversity,
and inflammatory mechanisms that promote the multiple actions described above (Figure 1). Tumors are not
currently considered as simple masses of cancer cells; they are more complex in that they contain a repertoire of
apparently normal recruited cells that contribute to the acquisition of distinctive features by regulating the tumor
microenvironment . The full knowledge of the previously mentioned hallmarks will help to develop new
therapeutic strategies against cancer.
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Figure 1. Ten keys of cellular/tissue behavior that make a cell a cancer cell, contrary to its normal biological
destiny, leading to the formation of a primary tumor and later a secondary one. Red arrows show the involvement

of the galaninergic system in these mechanisms: note that GAL is involved in six of them.

| 2. The Galaninergic System: Galanin and Its Receptors

GAL was discovered in porcine intestinal extracts and contains 29 amino acids Bl; however, in humans, the peptide
contains 30 amino acid residues (Figure 2) and, unlike porcine GAL, the carboxy-terminus is not amidated 46l
The amino acid sequence of GAL is highly conserved among species (almost 90%) . The C-terminus of GAL is
involved in its receptor-binding affinity and the N-terminus is crucial for its biological activity & the fifteen N-
terminal residues of GAL are highly conserved throughout evolution [, GAL and other peptides (GAL message-
associated peptide (GMAP), GAL-like peptide (GALP), alarin) belong to the GAL family of peptides. In addition, the
peptide spexin (neuropeptide Q, 14 amino acids) is the most recently discovered member of this family; spexin has
been shown to be involved in reproduction, nociception, renal function and energy homeostasis 19, GALP, an
endogenous ligand that activates the three known types of GALRs, was isolated from the porcine hypothalamus,
contains 60 amino acids and is involved in reproduction and energy homeostasis 2112 Alarin (25 amino acids) is

a splice variant of GALP mRNA 3. The human chromosome 11q13.3-q13.5 contains the pre-pro-GAL gene-
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encoding GAL, which shows five introns and six exons, which in turn are translated into a pre-prohormone (123
amino precursor) containing the signal peptide, GAMP and GAL 14 (Figure 2). Some oncogenes have been
located in the abovementioned region, which is also the breakpoint for the translocation t (11; 14) (q13; g32) in
diffuse B-cell lymphoma and chronic lymphocytic leukemia 2. The gene spans 6.5 kb and its first exon only
encodes the 5' untranslated sequence. In the pre-pro-GAL gene, its 5-prime flanking sequence shows a TATA box
preceded by binding sites for transcription factors (e.g., NF-kB) and contains a CT-rich region that is flanked by two
Alu repeats-, 2.3 kb upstream of the transcriptional start site; the region (500 bp) preceding this site contains 79%
CG 8 GALP and alarin are encoded by the pre-pro-GALP gene, which is located on the human chromosome
19g13.43 and comprises six exons 2. The region encoding GALP is contained in exons 2-5 and alarin is formed
when post-transcriptional splicing leads to the exclusion of exon 3, resulting in a frame shift and a novel precursor
peptide 131,
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Figure 2. Transcription—maturation—translation processing of GAL, from human chromosome 11. Human GAL

contains 30 amino acids residues. 1-6: exons; aa: amino acids.

The galaninergic system (GAL and GAL receptors (GALRs)) is widely distributed by the mammalian
gastrointestinal tract, testis, ovary, uterus, kidney and heart, and by the immune, endocrine, peripheral and central
nervous systems (e.g., endocrine pancreas, pituitary gland, paravertebral sympathetic ganglia, myenteric plexus,
glial cells, dorsal root ganglion, spinal cord, brainstem, thalamus, hypothalamus, hippocampus, amygdala) L4[28119]
(201[21][22][23][241[25]  The half-life of GAL in plasma is about five minutes and GAL coexists with many other

neuroactive substances (e.g., enkephalin, vasopressin, calcitonin gene-related peptide, substance P, neuropeptide
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Y, cholecystokinin, growth hormone, luteinizing hormone-releasing hormone, dopamine, glutamate, noradrenalin,
serotonin, acetylcholine) [181268]1271[28][29][301[31][321[33] | general, GMAP in the rat central nervous system showed a
similar profile of expression to GAL; however, GALP and alarin showed a more restricted expression than GAL 24!,
Due to the widespread distribution of the galaninergic system by the whole body, GAL has been involved in many
physiological actions after binding to specific G protein-coupled receptors: smooth muscle contraction,
acetylcholine release inhibition, energy metabolism, food and water intake, hyperglycemia, osmotic and metabolic
homeostasis, spinal reflexes, injury response, nociception, reproduction, memory, cognition, learning, arousal,
sleep, neural growth, glucose-induced insulin release inhibition and respiratory, cardiovascular, neuroendocrine
and gastrointestinal mechanisms EIRI14]118][22][27][35][36][S71[38I[39[40] Moreover, GAL regulates the level of growth

hormone, prolactin, dopamine, pancreatic peptide, luteinizing hormone, luteinizing hormone-releasing hormone,

somatostatin and insulin [B1ELE2[43] GAL acts as a neurotransmitter and neuromodulator in the central nervous
system and the peptide has been involved in several diseases (e.g., anxiety, depression, stroke, alcoholism,
Alzheimer’s disease, Parkinson’s disease, epilepsy); the galaninergic system also plays an important role in

inflammatory bowel diseases and diabetes [[QI[14][44][45][46][47][48]

GALRs (GAL 1 receptor (GAL;R), GAL 2 receptor (GAL,R), GAL 3 receptor (GAL3R)) belong to the rhodopsin-like
(class A) G protein-couple receptor family (seven transmembrane receptors or 7TM) 42, They contain three
extracellular loops, three intracellular loops, an extracellular N-terminus and three intercellular loops 2259, The
helix 8 acts as a conformational switch at the C-terminus BY. GALRs have sequence homologies in the
transmembrane region: GAL;R-GAL3R (33%) and GAL,R-GAL3R (54%) &, whereas human GAL3R and GAL,R
respectively show 89% and 92% sequence homology with their receptor homologs present in the rat 22, Human
GAL has tens of nanomolar affinity at GAL3R, subnanomolar to nanomolar affinity at GAL,R and subnanomolar
affinity at GAL;R B3l Although the structure of GALRs is quite similar, different binding characteristics and
intracellular signaling pathways have been reported after the activation of these receptors by ligands 4959, Thus,
the lengths of the N-terminus (which plays an important role in the binding of ligands) and C-terminus are different
in GALRs (C-terminus: GAL R, 37 residues; GAL,R, 30; GAL3R, 13; N-terminus: GAL R, 47 residues; GAL,R, 80;
GAL3R, 62) 49 The physiological actions of GAL are mediated by GAL;R, GAL,R and GAL3R; several signaling
pathways are activated after the binding of GAL to these receptors: the stimulation of phospholipase C (PLC,
mediated by GAL,R) or the inhibition of cyclic adenosine monophosphate (cAMP)/PKA (mediated by
GAL,RIGAL3R) 131,

GAL;R was isolated from a human melanoma cell line B4, It is coupled to GPy/Gai signaling pathways and
promotes, via a PKC-independent mechanism, the activation of mitogen-activated protein kinases (MAPKs) [EI33],
Moreover, the activation of GAL;R inhibited AC activity via an interaction with G-proteins (Gai/ao), leading to G
protein-coupled inwardly-rectifying potassium (GIRK) channels opening 2134561 GAL;R activation can also inhibit
the transcription factor CAMP regulatory element binding protein (CREB)-dependent signaling pathway B4, and the
expression of GAL;R (but not that of GAL,R or GAL3R) was controlled by cAMP via CREB B8I33, The GAL;R
gene (located in chromosome 18¢g23) in humans shows three exons that are translated into a long protein
containing 349 amino acids; GAL;R homology is high between species (e.g., in mouse, 93% of the residues are

identical to those observed in humans) €9 GAL;R has been located in the central (e.g., cortex, amygdala,
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hippocampus, thalamus, hypothalamus, locus coeruleus, medulla oblongata, spinal cord) and peripheral (e.g.,
dorsal root ganglion) nervous systems [22l23] and in the gastrointestinal tract [24161],

GAL,R was first identified in the rat central nervous system 24162163 and was cloned in rat hypothalamic cells for
the first time (24, GAL,R contains His252/His253 (transmembrane domain 6) and Phe264/Tyr271 (extracellular
loop 3) residues, which play a crucial role in the binding of ligands and in the activation of the receptor (¢4l The
sequence of human GAL,R shows a high homology with that observed in the rat (85-92%) and it was 39%
identical to human GAL,R [22B3265] |n the rat, GAL,R shows 38% amino acid identity with GAL;R 24l |n
comparison with GAL,R, the distribution of GAL,R is more widespread since it has been observed in the nervous
system (piriform cortex, dentate gyrus, amygdala, hypothalamus, mammillary nuclei, spinal cord), skeletal muscle,
liver, testis, ovary, uterus, spleen, heart, kidney, lung, gastrointestinal tract and pituitary gland [22[24152](66][67]
GAL,R mRNA expression has been reported in the neocortex, dentate gyrus, hypothalamus, cerebellar cortex,
substantia nigra, vestibular complex and dorsal root ganglion (671681691,

GAL3R was first isolated from rat hypothalamic cDNA libraries Z9. Human GALzR (368 amino acids long) shows
36% amino acids identity with human GAL;R, 58% with human GAL,R and 90% with rat GALzR 2. The
distribution of GAL3R (olfactory cortex, hippocampus, hypothalamus, medulla oblongata) is more restricted than
that reported in the brain for GAL;R or GAL,R [225264][70I[74[72] GAL;R mRNA has been located in the amygdala,
periaqueductal gray, locus coeruleus, brainstem reticular formation, spinal cord, pancreas, adrenal gland and testis
B272]. GALR promotes the activation of Gai/ao, blocking AC activity and opening GIRK channels B2 Spexin
binds to human GAL,/3Rs (not to GAL,R), exerting a higher potency toward GAL3R than GAL LIZ3],

GAL agonists or antagonists (e.g., galantide, M35, M40, C7) have been used for the treatment of several disorders:
GAL antagonists have been administered for the treatment of food intake disorders and Alzheimer’s disease,
whereas GAL agonists have been used for the treatment of chronic pain M4, Some fragments of GAL (GAL1-15;
GAL1-16, GAL1-29), exerting physiological actions through GALRs (e.g., mood or cardiovascular regulation,
alcohol intake), have been reported ZSIZ8I77I78] The conformational changes observed in GAL;R lead to a higher
affinity of this receptor for GAL1-15 than for GAL, increasing the signaling (mediated by Gi/o) and decreasing AC
activity and CREB level 3. GALRs may form heteromers with each other and with other types of G protein-
coupled receptors in the central nervous system B9 Thus, the GAL;R/GAL,R heteroreceptor complex 29 and
heteromers of GALRs with alpha2-adrenoceptors and 5-hydroxytryptamine (HT), dopamine 1, neuropeptide Y1 or
Y2 receptors have been reported &, The formation of the heterotrimer GAL;R-GAL,R-5-HT1A receptor complex
could explain why GAL1-15, but not GAL1-29, antagonistically moderated the serotonin receptor Y. In addition,
this heterotrimer has been suggested as a potential target to reverse the actions mediated by fluoxetine on
memory mechanisms 21 Thus, heteromers can alter the recognition of GAL ligands, and they are promising

new targets for therapeutic interventions.

| 3. The Galaninergic System and Cancer
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Peptides and their receptors are one of the molecular bases for the therapeutic targeting of tumors 82, The
galaninergic system is expressed in normal tissues and, in cancer cells, is involved in tumorigenesis, invasion and
migration (metastasis) [121[251[28](82][83][84][85][86][87][88][8A[S0NLI[O2][93]  zlthough in some tumors, GAL and GALRs are

silenced 24l This system has been observed in neuroendocrine (e.g., phaeochromocytoma, pituitary adenoma,

gangliocytoma, paraganglioma, neuroblastoma) and non-neuroendocrine (e.g., glioblastoma and other brain

tumors, melanoma, basal cell carcinoma, head and neck squamous cell carcinoma, embryonic carcinoma, colon
cancer, breast cancer, gastrointestinal cancer, prostate cancer) tumors [121[25](28][62][82][83][84][85][86][87][88][89][90][91][92]

[93][25][96][37][98][99][100)[101][102] For example, in squamous cell carcinoma, GAL;R was involved in tumor suppression

and GAL,R favored tumor development and decreased survival 193104 GAL exerted a tumor-reducing effect in
experimental murine models (gastrointestinal cancer), but in other models (adenoma formation), GAL promoted
cell proliferation and tumor formation 2. Thus, GAL can promote or inhibit the development of tumors; this is an
important characteristic of the galaninergic system: to exert both proliferative and antiproliferative actions on tumor
cells. Importantly, GAL/GALR expression has been correlated with tumor subtypes (colon carcinoma, squamous
cell carcinoma, neuroblastic tumors, pituitary adenoma) or with tumor stage 82 and the activation of GAL;R was
generally antiproliferative, whereas the activation of GAL,R showed antiproliferative or proliferative effects 2, The
stage and tumor size in colon cancer have been related to the GAL mRNA level: the higher the GAL expression,

the shorter the disease-free survival 121871,

3.1. Galanin and Neuroendocrine Tumors

Neuroendocrine tumors (NETs) are a very heterogeneous tumor group including: (1) carcinoid
gastroenteropancreatic tumors; (2) non-carcinoid gastroenteropancreatic tumors (vasoactive intestinal peptide
(VIP)oma, gastrinoma, insulinoma); (3) catecholamine-secreting tumors (neuroblastoma, sympathoblastoma,
ganglioneuroblastoma, ganglioneuroma, paraganglioma, phaeochromocytoma); (4) chromophobe pituitary tumors;
(5) medullary carcinoma of the thyroid; (6) Merkel cell tumors; and (7) small-cell lung cancer. NETs originate from
neuroendocrine cells, which release peptides (e.g., GAL, somatostatin, pancreatic polypeptide, chromogranins)
and express their corresponding receptors 193106111071 Thys, a high expression of peptidergic receptors has been
reported in NETs for neurotensin, gastrin-releasing peptide, cholecystokinin, somatostatin and vasoactive intestinal
peptide (2981, |mportantly, the expression of the peptidergic systems in NETs has been correlated with prognosis

and tumor stage [108],

Regarding the galaninergic system, many data demonstrated its involvement in NETs pathophysiology and
carcinogenesis; for example, high doses of estrogens or dopamine agonists reversed rat pituitary hyperplasia and
decreased the expression of GAL, suggesting that the peptide acted as a proliferative agent [10[110][111][112][113]
GAL expression is restricted to some NETs 88l the peptide was observed in adrenal phaeochromocytoma (62%),
jugulo tympanic paraganglioma (40%) and carotid body paraganglioma (18%), but it was not found in metastatic or
recurrent paraganglioma, extra-adrenal phaeochromocytoma and carcinoid tumor [B8l89  Moreover, endocrine
tumors from gastrointestinal tract, pancreas and lung did not show GAL 88, This means that the utility of GAL as a

diagnostic marker is limited to certain NETs. In this section, the involvement of the galaninergic system in those
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NETs (phaeochromocytoma, insulinoma, neuroblastic tumor, pituitary tumor, small-cell lung cancer) expressing this

system will be summarized (Table 1).

Table 1. Involvement of the galaninergic system in neuroendocrine tumors.

Human IMR32 cell line

amyloid (IH)

Cancer Actions/Presence References

- High GAL expression (RIA) (&3]
. i ) [84]

Corticotroph adenoma GAL in 84% of umors (IH)

Human . . [86]
- GAL expression: smaller adenomas and better prognosis (IH)
- GAL release and responded to corticotropin-releasing factor [114]
- No correlation between prognosis/tumor markers and GAL [115]

Ganglioneuroma level (RIA)

Human
- GAL1R/GAL3R immunoreactivity decrease (IH) [116]

Insulinoma - GALR expression (Northern blot, in situ hybridization) (21]

Rat Rin14B cell line
- GAL moderately suppressed insulin accumulation, but did not 17

. affect cell proliferation

Insulinoma

Rat RINmSF cell ine - Pancreatic beta-cells: GAL inhibited adenylate cyclase activity [43]
and insulin secretion

. - Beta TC-1 cells: GAL, released from sympathetic nerve 118

Insulinoma . o . . : .

Mouse terminals, inhibited pro-insulin gene expression stimulated by
glucagon-like peptide-I (Northern blot)
- GAL mRNA, GAL immunoreactivity and GAL binding sites [116]
expression (IH, in situ hybridization)

Neuroblastic tumors

Human - Low level of GAL binding sites correlated with survival; [115][116]
GAL/GALR expression related to tumor differentiation stage
(RIA, IH, in situ hybridization)
- No correlation between prognosis/tumor markers and GAL [113]
concentration

Neuroblastoma - GAL expression; GAL2R mRNA was less common than (85]

Human GAL1R mRNA (IH, in situ hybridization)
- GAL1R/GALS3R highly expressed; GAL promoted tumor growth [116]
(IH, in situ hybridization)

Neuroblastoma - Dense core secretory vesicles: coexistence of GAL and beta- [119]
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Cancer

Neuroblastoma
Human SH-SY5Y cell line

Neuroblastoma
Rat B104 cell line

Paraganglioma
Human

Paraganglioma
Human carotid body

Paraganglioma
Human jugulo tympanic

Phaeochromocytoma
Human

Phaeochromocytoma
Rat PC12 cell line

Pituitary adenoma
Human

Pituitary adenoma
Human

Pituitary adenoma
Rat

Pituitary adenoma
Rat MtTW-10 cell line

Prolactinoma
Rat

Small-cell lung cancer

Human H345, H510 cell lines

Small-cell lung cancer

Human H69, H510 cell lines

Actions/Presence

- GAL2R mediated apoptosis. GAL antiproliferative potency:
100-fold higher in SY5Y/GALZ2R cells than in SY5Y/GALIR cells

- GALZ2R transfection: cell proliferation was blocked and
caspase-dependent apoptotic mechanisms induced

- GAL, GAL2R and GAL3R mRNAs were detected, but not
GAL1R mRNA (reverse transcription-PCR)

- GAL promoted cell proliferation

- GAL expression (IH)

- GAL was detected in 18% of tumors (IH)

- GAL was detected in 40% of tumors (IH)

- High GAL2R mRNA expression (Western blot)

- Higher GAL concentration than in normal adrenal glands (RIA)
- GAL inhibited cell proliferation and GAL1R, GAL2R and GAL3R
MRNA expression, but not GAL mRNA (reverse transcription-
PCR)

- GAL/GALR expression correlated with tumor stage (IH)

- High GAL3R levels found in some patients who relapsed

shortly after surgical intervention (g-PCR)

- GAL promoted pituitary cell proliferation and tumor
development

- Estradiol increased GAL mRNA level
- GAL concentration increased and GAL promoted tumor
development

- Levonorgestrel decreased GAL mRNA expression and GAL-
expressing cells (IH, in situ hybridization)

- GAL, via GAL2R, mediated cell proliferation

- GAL, via GAL2R, activated G proteins and promoted cell

References
120
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125
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Cancer Actions/Presence References
proliferation

- GAL increased the levels of inositol phosphate and intracellular [L32]
Ca®" and promoted cell growth

- Ca%*-mobilizing peptides (e.g., GAL) promoted cell growth. [L31][133]
Broad spectrum antagonists directed against multiple Ca?*-
mobilizing receptors inhibited cell growth

Small-cell lung cancer
Human H345, H510 cell lines

Small-cell lung cancer - GAL, via the p42MAPK pathway, promoted cell growth. Protein [L34][135]
Human H69, H345, H510 cell  kinase C inhibitors blocked cell growth induced by GAL

lines

Small-cell lung cancer - SBC-3A cells secreted the pre-pro-GAL precursor which was [L361[137]
Human SBC-3A cell line, extracellular processed to GAL1-20 by plasmin

mouse SBC-3A tumor

- Low GAL level (RIA) [83]
Somatotroph adenoma - GAL increased circulating growth hormone level and growth —
Human hormone-producing tumors expressed GAL (IH)

- GAL blocked growth hormone release (139]
Somatotroph adenoma - GAL inhibited growth hormone release —

Rat GH1 cell line

- GAL mRNA level and peptide concentration increased —
Somatotroph adenoma

Mouse - GAL secretion increased [141) lobal

)6
Thyrotroph adenoma - GAL gene expression blocked [127]
Rat
Thyrotroph adenoma - GAL synthesis inhibited (141] 646—
Mouse

3. Tatemoto, K.; Rékaeus, A.; Jornvall, H.; McDonald, T.J.; Mutt, V. Galanin-a Novel Biologically
Active Peptide from Porcine Intestine. FEBS Lett. 1983, 164, 124-128.

4. Bersani, My; wighnssHistOchleint@if up pERRHRRINGIR Fa AR Pase A Jaddtithuhdaddbynan
Galanin: Primary Structure and Indentification of Two Molecular Forms. FEBS Lett. 1991, 283,

3.2.8Galanin and Gastric Cancer
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of t?ﬁe human stomach, an increase of the GAL-immunoreactive fibers in the longitudinal muscle layer, lamina
BuTlatanis DnukesdanaadYin keséeigihBof Jbbaraeeisdin, (HoliEraion Qvas alasenvdd kausdisewinofna invasion
affeBietbGibhltomtve Rabbiithesyaiantitih. i, mEtenfscaditaniig Presgasimstertean, [Ty Nathedhig, were
Obs2OVER! ippRréperdiressamples (and in plasma) when compared with those found in post-operative samples
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lowBlisohsR@0Ntebdsted Lompared with those found in adjacent regions; however, the GAL,R/GAL3R levels
[144] . :

R SBENEE & CTERSNLINC! RS- R8P L> BRI . S SRCR! SR pCTRny: m these

Patiegl cﬁ%’“%‘?f-’eeraé.' SRR tﬁFur%éh aS‘Hn’H‘W’éu Vel [Rye bees felaie (Sl Vir tmor node

meté tg%tsc (taar 2 %Tg}ruc Grar tsétc?al?ements Scand. J. Gastroenterol. 1996, 31, 446-451.

9. Lang, R.; Guratikch, IAvblydramesiHe galdhotesgin ssam W aitkic BndHokielttal ¢dtoéler, B.
Physiology, Signaling, and Pharmacology of Galanin Peptides and Receptors: Three Decades of

Actions/Presence References
Gastric

1 cancer tic
- Fibers containing GAL: increased in longitudinal muscle layer, lamina 143

1 muscularis mucosae and neoplastic proliferation vicinity (IH) 1T
- Myenteric plexus: neurons showed a high expression of caspases 3/8 and low 143 from
GAL expression (IH)

- 144

1 GAL/GALIR level reduced nergy
Human - GAL2R/GAL3R level unchanged (RT-PCR) [144]

1 - Lower level of GAL in pre-operative samples (and plasma) when compared [144] {ogner,
with that found in post-operative samples or in healthy donors. Gastric cancer s Alarin
tissues: GAL/GALLR level was lower compared with that found in adjacent '
regions GAL2R/GAL3R: no change (Western blot; RT-PCR; ELISA)

- GAL low level: used as biomarker. GAL protein/fmRNA level related to tumor [144]

1 size, tumor node metastasis stage and lymph node metastasis ly of

Human - GAL expression decreased: restored with a demethylating agent. GAL [145]
Gastric hypermethylation: impaired GAL tumor suppressor action. GAL downregulation:

1 due to epigenetic inactivation (Q-MSP, Western blot) 1 of the
cancer cell
lines - GAL: decreased cell proliferation 148

1 . . o o tion of
- GAL blocked gastric carcinogenesis by inhibiting antral epithelial cell 147

Rats . .
proliferation 329.

1 colorectal eptide
Cancer 763.
(CRC)

1 Human - GAL/GALIR silencing: apoptosis in drug-sensitive/resistant cell lines and poazigs A

enhanced the effects mediated by chemotherapy. GAL mRNA: overexpressed. 102 n

High GAL level: related to poor disease-free survival of early-stage CRC
patients (IH, ELISA, RT-PCR, Western blot)

1 . . _ _ 2m in
- Enteric nervous system: number of neurons containing GAL increased in (5]

20. Anselmi, L.; Stella, S.L.; Lakhter, A.; Hirano, A.; Tonini, M. Catia Sternini Galanin Receptors in the
Rat Gastrointestinal Tract. Neuropeptides 2005, 39, 349-352.
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2 Actions/Presence References £

regions located close to the tumor (IH) (IH, RT-PCR, ELISA) a Cells

- CRC patients: more GAL-immunoreactive neurons in comparison to healthy
samples (IH, ELISA)

- GAL in the vicinity of cancer cell invasion (IH, ELISA)

- Blood samples: increased GAL concentration. High GAL level: cancer cells.

2 Lowest GAL level: muscular layer placed distant from tumors. GAL: CRC tumor t
biomarker (ELISA, IH)
2 - GAL mRNA level: related to adenocarcinoma size/stage. Correlation between [871(98]
higher GAL expression and shorter disease-free survival (RT-PCR)
Coupled
- CRC cells showed a high GAL expression: more malignant and involved in -
tumor recurrence. High GAL expression: spread of cancer stem cells
p (metastasis) (RT-PCR) and
- High GAL expression: associated with poor prognosis (stage Il) and tumor e
recurrence. GAL expression: related to CRC aggressive behavior (RT-PCR .
26. Zhang, X.;" i 2 ( ) ieptides
- CRC cells/tissues: higher GAL levels than non-tumor cells/tissues [BTI0o8I148] 5 ¢4
149
Human
5 g::”s;jr?ez;d - CRC tissue: increased GAL gene/protein expression. CRC cell lines: [B7)(9811102] nomas
GAL/GALIR silencing promoted apoptosis. GAL1R silencing promoted FLIPL
down-regulation (IH, ELISA, RT-PCR) 179,
Human - Cells overexpressing GAL2R were more chemosensitive to bevacizumab than (150]
HCT116 cell control cells
2 i T, J.;
ine
S
Rat - GAL decreased the incidence of colon tumors =

Virchows Arch. A Pathol. Anat. Histopathol. 1988, 412, 399-411.

29. Melander, T.; Hijkfelt, T.; Riikaeus, A. Coexistence of Galanin-like Lmmunoreactivity with

CataghpiamesstecHp ey yataminanfABAReHNabropreidesoR; the- ok GAb e teigoSCi.
1986, 6, 15.

3%%(UGQI%1B‘% 'Fg gr(-ﬁ E?Ieﬁ:aTn&aTanm/GMAP and NPY-like Immunoreactivities in Locus

ColoREHIBUS AP IR ARG G\ IBND 85 48 DR MRRRCAMARL RRLNRUBM A B GRUEX W, the
promggﬁﬁnﬁ 'BF*E%.%I%P'E‘éﬁ]xﬁ‘ﬁdaﬁ&rg%cﬁ%%ﬁﬁsn]c Eﬁéﬂ&yl}?@'ﬁ%gﬁro%%@s ?@Kﬁg\hr‘}r}'as epithelial-to-
Jnenacbbienatnisaesition. dpeyhich enieg)idl- Wik, InscCorIBamembalediGalaninfaniianaethiziagiareiea oleed.
shapelewedimg|Mitynrioisechidas innssioos)Proptin pypoiih slaasic e groiaseiuritoratosl efribieintegineawall,

actigasine | gtewtPiastos dbtAcamoscie U aliieaamrg The BRekasof apoptotic mechanisms and also favor the

S readlng of cancer cells 351 Then, the invasion of cancer cells destroys the enterlc nervous |%Stem Ieadlng to the
q ; Nicholas, A.P.; Ho'kfelt, T. UItrastructuraI Studies on Peptides in the Dorsal H A
atroghy of the' submucosal/myeénteric Iexuses The galaninergic system is involved in colon, cancer

pinal Cor —I. Co- EXIS ence of Galanin Wlth ther Peptides in Primary Afferents in Normal Rats.
(Table 2); thus, for exam e the SIRNA medlated silencing of the GAL gene reduced both invasive and proliferative
Neuroscience 1 57, 365-3

potential in CRC cells
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3.4 Gajarin\arid | Head ahtd Neck SguamousaCell @arcinoapiales in the Dorsal Horn of the
Rat Spinal Cord—Il. Co-Existence of Galanin with Other Peptides in Local Neurons.
HeagbAPd Sask 284Y3j88U 4El8 #aICHpMa arises from mucosal surfaces of the head and neck [152] (Table 3).

Perineural invasion (PNI), a mechanism of tumor dissemination via nerves, predicts poor survival in some cancers
3ReGHNGIRER A RN fudmGRAAIIN R0 (N SREfoogI LRGN G, FeRide % astiBy
'Academ#'c Press: G,)6|1msterxnlam J’he Nettherl

can%é‘;,' ’<’:1lr:‘1(§i ‘is'a’sign of cancer cell invasion ahd metastasis %j.S’An2 (l)njfégr;aQE)On?ggth?eZzg'nerves and tumor cells
Ixc@edieRiki, RN Kneidieied. iyoropectdd Csiginas | versidadanelAtvopissisf ahd FrtetityiNdnolde®yisteand
invaie rfauFee dieie KAHPHRSAS b ITICancerlIPraygresioteding. devisl. 8Bdi.cR0RARdate3gth them. GAL

%eleased from nerves) exerted a_nerve—tumor crosstalk by activating GAL,R expressed_in tumor_cells and by
36. McKnight, G.L.; Karlsen, A.E.; Kowalyk, S.; Mathewes, S.L.; Sheppard, P.O.; O'Hara, P.J.;
inducing ATC2-mediated transcription of “cyclooxygenase-2 and GAL; then, GAL released from tumor cells
Taborsky, G.J. Sequence of Hu n Galanin’and Its Inhibition of Glucose-Stimulated Insulin
promoted neuritogenesis, favoring PN 1241,
Secretion From RIN Cells."Diabetes 1992, 41, 82-87.

37. HokfeltTablaatenvote: rrenGeflthitmakatvaie sysitmerMehiladon et Nsurpeystichll @alingval. Life Sci.
2008, 65, 1791-1795.

Actions/Presence References
f_: .
< - High GAL level (RT-PCR) 101 ooke,
- GAL1R gene promoter: frequently methylated (Q-MSP) [158]
Chem.
- Methylation status of some peptide-encoding genes, including GAL, is related [159]
Human with survival and recurrence. Methylation changes: possible molecular marker for
32 HNSCC risk/prognosis (Q-MSP) lank, P.;
. o . - meopuey  MS. Cell.
- GAL/GALR epigenetic variants: markers for prognosis prediction (Q-MSP)
- Poor survival: associated with methylation of GAL/GAL1R genes. 162
4 Hypermethylation: inactivation of GAL/GAL1R/GAL2R genes (Q-MSP) fsas a
. _ ey 5110.
Human - Apoptosis: mediated by GAL2R but not by GAL1R. GAL1R/GAL2R: tumor
Cell lines suppressors in a p53-independent manner
4 alnon, a
- GAL2R transfection into HNSCC cells: cell proliferation inhibited. GAL2R re- [24][164]I165] )chem.
expression: blocked cell proliferation (showing mutant p53)
y - GAL1R/GALZR negative HNSCC cells: GAL1R re-expression suppressed [24][165] n the
tumor cell proliferation via ERK1/2-mediated actions on cyclin-dependent kinase
inhibitors and cyclin D1 ibolism
- GAL/GAL1R blocked HNSCC and oral tumor cell proliferation by cell-cycle [104][145]]164]
: 3 166
4 arrest (RT-PCR, ELISA, Q-MSP) by
- GAL1R blocked tumor cell proliferation through the activation of ERK1/2 [164] , 369—
- GAL2R promoted an antitumor effect by inducing cell cycle arrest and apoptotic [165]
4 mechanisms (caspase 3-dependent) JR.:
- GAL2R suppressed HNSCC cell viability. HEp-2 cells: GAL2R mediated [167] lepsy.

apoptotic mechanisms (caspase-independent) by downregulating ERK1/2 and
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4 Actions/Presence References nt.
inducing Bim
CIHIUyuLltinic
- GAL2R overexpression: favored survival/proliferation by activating PI3K/Akt -
4 and MAPK/ERK-dependent pathways. Ras-related protein 1 (Rapl): involved in of
HNSCC progression. of
- GAL/GAL1R: tumor suppressor. GAL1R absent in some cell lines (Q-MSP, RT- [asiigsiies) |, S43—
Human PCR)
Cell lines,
4 tumor - GAL1R promoter: widely hypermethylated and related to reduced GAL1R [LSEJ[161][166]
samples expression. GAL1R/GAL2R hypermethylation: associated with higher recurrence [168]
rate and reduced disease-free survival (RT-PCR, Q-MSP)
4 - GAL1R methylation status: potential biomarker for predicting clinical outcomes. neaiieupiss)  Yang,
Methylation: related to carcinogenesis and decreased GAL1R expression (RT- e
PCR, Q-MSP)
4 Human (cell - GAL (released from nerves) activated GAL2R expressed in tumor cells inducing [154]
lines) NFATC2-mediated transcription of cyclooxygenase-2 and GAL. GAL released tors.
Mouse from tumor cells promoted neuritogenesis, favoring perineural invasion
E - GAL2R promoted tumor angiogenesis through the p38-MAPK-mediated [169] of the
Mouse inhibition of tristetraprolin (TTP), leading to an enhanced secretion of cytokines.
GAL2R activated Ras-related protein 1b (Rapl1B) favoring a p38-mediated
o inactivation of TTP, which acted as a destabilize cytokine transcript
o Cts as a

Membrane-Dependent Conformational Switch. Biochemistry 2002, 41, 8298—-8309.

52. Kolakowski, L.F.; O'v’llggill, G.P; Howarﬂ, A.D,; BrOl_JfSSS.{:dR,) S.TR.;CSuIIiva}n., K.APéFI:eighner, S.D.;
- : t t tion- . RT- : -1 .
Sawzdargo, M.; nguyen?uﬁ?tlg%}\éemrg%, ga Ig?li%)cicl_lfL.; et al. oﬁaéﬁ ar'@ﬁaraeterlzatlon and
3.§x&relssmn of Cao&(ipoﬂ%nan Galanin Receptors GALR2 and GALR3. J. Neurochem. 2002, 71,

alanin an
2239-2251.

s GAY/ BALB SHEIRIBHR PREMEPSETBATCHIYAM Peptitie iahil)e Rt ST BAdr RS ggpserved was
CARBiGl e BIOGRLAPREORR A1t IRShITRAE (ST RS Ricadangieaia & BHa maddrbif ) Zotpfuced

Ievej!]_(g (i@%_t@éf)een observed in the cerebrospinal fluid of patients with glioblastoma (179 and regarding the
expressions of GAL and GAL3R, no correlation with oligodendroglial, astrocytic and mixed neural—glial tumors was

5r‘ép5l?e%%%84&o§e£%i£8‘9&§u§1N&a%%%%rbé&%@fd&é@ﬁ't%bMﬂX%%eJaﬁiW%%@&M%%ﬁ levels
o9 RYRGEOnalHdYIATY S RAGIBRERTAS Ty RER I Alls AEEH 8 ed Bk O kioh 8GRI 19, AL has
SERezangrSd inlalprarioma Frrkdlicblaansamohisome Hanibe, Imter, DrfaresitindratsrAaioSigwadings

GAbfRhéottvaiet bynaAb afRan e SiAkiR Recepaiesabepdethefiibendrimsiyne 408, 3a@pniiags] peutrophils)

cells expressed GAL3R, but GALM?/GA&R were not observed around the blood vessels L9 This means that

56. Wang, S.; He, C.; Maguire, M.T.; Clemmons, A.L.: Burrier, R.E.; Guzzi, M.F.; Strader, C.D.; Parker,
tumor-associated cells areinvolved in tumor, microenvironment homeostasis, Glioma-associated macro%hfges

E.M.; Bayne, M.L.. Genomic Organization and Functional Characterization of the Mouse Gal
(GAMsl) are involved in tumor pro?ressmn; although macrophages produce/secrete GAL, GAMs do not express

Galanin Receptor. FEBS Lett. 1997, 411, 225-230. . 17111172
GAL, but express GAL3R, and this means that GAL could regulate the activity of GAMs [2Z172]
57. Badie-Mahdavi, H.; Lu, X.; Behrens, M.M.; Bartfai, T. Role of Galanin Receptor 1 and Galanin

Receptor 2 Activation ifaSigrfahiiePemgidigf Neserirnadroithystan Oy@imaMP Response Element-
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Actions/Presence References Agonist
- GAL/GAL3R expression: no correlation with oligodendroglial, astrocytic and mixed [19]
neural—glial tumors
< Gene
- High-grade glioma (WHO grade 1V): related to GAL3R expression [19]
- Endothelial/immune cells: GAL3R expression. Around blood vessels: GAL1IR/GAL2R [19]
not observed (IH)
< R20r
Human - GALIR, followed by GAL3R; GAL2R absent (astrocytic/oligodendroglia tumors) (IH, [191[99] ic AMP
autoradiography, reverse transcription-PCR) IC B
3,1168-
- Glioma-associated macrophages: GAL3R expression (quantitative PCR) [L71]172]
€ - No correlation between proliferative activity and GAL/GAL binding levels (IH, [29] K
autoradiography, reverse transcription-PCR) "
enes
- Cerebrospinal fluid (glioblastoma): reduced GAL level [170) 5 496—
Human GAL blocked, via GALR, the proliferation of glioma cells and tumor growth. These [473)
Mice effects were mediated through ERK1/2 signal activation. No cytotoxic/apoptotic effect
€ was observed )Y

Mucosal Cells Lining the Human Gastrointestinal Tract. Biochem. Biophys. Res. Commun. 1996,
222, 379-385.

62. Sullivan, K.A.; Shiao, L.-L.; Cascieri, T R"ASPHQEBRIYRY Characterization and Tissue

3 Distribution of tgecl)-ltl#‘mancand Rat GALR1 Receptors. Biochem. Biophys. Res. Commun. 1997,
§53lagig and Other Cancers

6A8lthagolatte xprevaiane of Shfdo and [preRufy RALOTB NV bR PRER . ran@iaBarg bBadt; eakftiniérhasoeen
suggesietbthavithe; Gimith 9RNE (Wiigh BegoRsetiel bre-ProcBal Moleiblliar TIamikg!arrarditiataceaseegftsnin
bregstaiuNIs Receysto efbinGarskim PERS1EN. THIVA £95e2g80-20(. GALN amplification was not observed

[82I[174] (Table 5). Many nerve fibers containing GAL have been reported in cardiac and esophageal carcinomas

%Pemsua D.G.; Altaye, B.M.; Weldekidan, E.; Gebremedhin, H.; Alema, N.M.; Tefera, M.M.;
- these fibers contacted closely with _cancer cells, including those encircling tumor cells. GAL favored the

Tilahun, A. Galanin Receptors as Drug Target for Novel Antidepressants: Review. Biol. Targets
extension of processes by dorsal root ganglidh netirons, but the action of the peptide on tumor cells is currently

Ther. 0,14, 37-45. . _ : o .
unknown . GAL;R DNA methylation is among the most epigenetic molecular alterations in endometrial cancer;

6hisBieamprst,iitaEemacheanpy WtR s Bigelabyrée; @rasusitidtyanCepeciditls8/A. Rie Gregohatidn of the
GACE 1feslel i .Hlatidenicyh esrchex pressiancdiddenHnpd gnatn vt Receiptes & aR2hBiathgnay&iophyise
gal&X@serGioByRieimn. id 9498 c2dcbr 47 durfefly unknown 1771,

66. Mitchell, V.; Bouret, S.; Howard, A.D.; Beauvillain, J.-C. Exgression of the Galanin Receptor

Table 5. Involvement of the galaninergic system in other cancers.
Subtype Gal-R2 MRNA in the Rat Hypothalamus. J. Cheém. Neuroanat. 1999, 16, 265-277.

€ Actions/Presence References:eptOr
Breast cancer - GAL/pre-pro-GAL mRNA level expression. GALN gene: unlike B2 1999
Human candidate oncogene (Northern blot) ’
Carcinoma (cardiac, - Fibers containing GAL contacted closely with cancer cells (IH) [175]
€ esophageal) —ancer
g ety Gt e et gt s st + ot e g i erny e s SE-2 N
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Actions/Presence References
Human
€ 6 grators
Endometrial cancer - GAL1R DNA methylation indicated malignancy (q-PCR) [L76]
Human
! Bladder cancer - GAL1R gene methylation involved in prognosis [Lr7] Novel
Human
7 Salivary duct - GAL;1R/GAL2R: therapeutic targets/prognostic factors. GAL;R/GAL2R 178 :
carcinoma methylation rates correlated with overall survival decrease (IH, Q-MSP)
Human
Melanoma - GAL/GAL4R expression (IH) (6211001
7 Human f
Pancreas - GAL promoted SW1990 cell proliferation [Lr9]
Human
7 Pancreas - GAL blocked carcinogenesis and decreased norepinephrine level (IH, 180 ng, J.Y.
Rat HPLC)
Type Il

and Ill. Endocrinology 2014, 155, 1864-1873.

T4pKaskidh-pBRStRRlbeMig BO WS mkoBRal, T Liﬁ‘?ﬂﬂﬂo“siﬁﬁéﬁﬁétr% Bing&19 dadntitative methylation-
spelOPERARIBERNIRIAGHANE RfMBme Fedanin(1-13)-Bradykinin(2-9) Amide Chimeric Peptide, in Rin
m 5F Insulinoma Cells. Regul. Pept. 1995, 59, 341-348.

F4iThe Gataninergic\8ystem and Cancer:OSigmaling Pathways
Ortega, E.; Narvaez, J.A.; Fuxe, K.; Diaz-Cabiale, Z. The Neuropeptides Galanin and Galanin (1—
Figusy thsbeysselsiomiikuopalingviviirgarenrapisptitiegaennesis 8@iers is involved. A GAL/GALR signaling
network map focused on the signaling cascades regulated by the galanlnerglc system has recently beenlgubllshed

7[_P|az -Cabiale, Z.; Parrado, C.; Vela, C.; Razanj, H.; Coveflas, R.; Fuxe, K.: Narvaez, J.A. Role of
GALRs (via PKC) activate the rat sarcoma_virus (Ras, a small G Pase)/MAPK/ERK pathway b mcreasmg

neSa R o (s on el CeeveSiur Conpol Newopepde 2005 o0, 160

ystem activates many signal transduction pathways
depending on the coupled G protein type: GAL1R/GAL3R, mainly coupled to Gi/o, decrease the cAMP level and
Tinaddilkde PRA, beesaB agess, efdcasyiltatpiie ga Gg/1 GagbiiBngGaratatarritgaroMotdsqriamx @).the
actiRaigofezetd aslronae caa AN eED), dnd. MAPKE, KARS@AtEpdndet aeIiCentiat Admimasivatien@HILsl
GAG& aain Aesd eemibabEtdagnepyt dnd/orEcligasas) thaivalyntaty hleokel takedn Ravmirkalaosurklin a
RadBhaishAhcehomAdaicteBIGEL QI A, . 2ladtfiraBdn also favors the Akt/Akt substrate of the 160 kDa (AS160)
A5 Cabidh! 3PS Rarvaez T WBifcherRictna. e e e A Ag
via o 13K RPRIAY B RHp e Y S‘.ﬂ%‘ﬂ'ﬁterac \lh USSR’ SR RISICS AR URb LSy P2
NGRS IR KRR BFREERISY 2 SALRB b ERRIH9ag FaPdpleiais 1hs 254Gtiga g PLC and

small GTPase protelns in the Rho family 2811, PLC converted phosphatidylinositol, 4, 5-bisphosphate (PIP2) into

79 BRIERIGIF SHE R Ros i tMpREs fMatd N B8 Mic m ey P RQIRIGMGZ aftiNdilQEe SinGATSSMIar
cortertiNal ok Fa? GaTiga; [k RiRg&Phialon 4 Al SpRiRiR IR Artivalienbys Galitidg iR coupling
to ETagmentoithe FRlRIIRIPREIQ0LA GaRIPGABAI]aHRIAFRCRRIYS WRP IS RIgtH N p BieriuE
GARSE 4608 8U I A ActivionHnaBRAo and Cdca2 GTPase activity . In tumor cells, GAL;R activated the
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SUAPKXER K pdiioreytor B S@laaih, nfRaniey thxtebnank ez \Wouprdkaa o ArtlejrCAINDAIRR Gayuigadkell-
cycleecantid. phdariviagz? Mip 1VIigEk2) dhdradio, [ aet pko@nttaea popsisin eaapasE Bradmmadd B alaNs CC
cellRE8emtar JRedecorasss inetleeptanivaldiprroips , Sysmmorzned. Bl curinolpREd) 23n8, didéphorylated Akt

[15]
8(f'°1|5%r V@SF%@S 9 ”Rﬁn%%“ép %asathga GarmahlSuréAnL rIPe an?erktGoggg\l'\éabel%lé%%‘the ﬁw'ty of
caspses 327 R MESieRsdne Sk Pediied prgpiogis i Pér?.%”ilwafsﬁ‘%fﬁ%%’%‘ﬁ%el%%Vé‘&' Bﬁﬂﬁ“&p“"
“PISE BRI RER ol R 13,8 sg*eﬁaﬁ{“of%diefmie&teeaﬁt%s it the S7eRShAN DT Br e

t K* t li th d it tivation f d th hbt f
po 'Ia-fa S eurgo ?15?%%1%81(‘)8 f%ﬁ)d &qsg1 82{0 figfamg pathway and its activa |on avore e |n ibition o
cAMP and AC alterlng CREB phosphorylatlon [6I71]1181]  GAL opened adenosine triphosphate (ATP)-sensitive K*

BchaRAeIshinli: H5pER0 BizER @ LAatniBraysiemie fARFRMAR ARARIM FoRaiHRITLE SAHRPIRESIMHE blocked
the @RI of AEhn S RFNGEEBRIEL BARAh FwitReTiRRrhcatd QiMotime 301 By &éds-BfbteizBMIRES-37
pe&%ée‘(@,al_zlzl%spantide amide), a GAL receptor antagonist, blocked hepatocellular carcinoma metastasis by

gerastigp R ReRAosy ot PR AdATREnC Y MBtnsaih e AR A Rp RIS BN RinGRpAta +¢ C7
inhipiterifye Nrioatipmaas Masiomsidnoncels Ay, RinansNe PiRIBIRMAIGASHAEE AL ERKPR 2004,

117, 127=139

“GALF: GALKI5S GALe Gm“zg GALP
84. Hsu, D|W.; Hooi, S.C.; Tessa, E . . xpression of Galanin gnd

Adrendcorticotropic Hormone i nomas. Am. J. Pathol] 1991,
138, 13.

K+

G
85. Tuechl &% B. Galafin and

Galanip Recept z aafa. . N. . . 1998, 863, 438+441.
P
86. Leung, : }{ r, J; E‘Y J.P.; HgygK.K.Y. Galnin in
Human Pituit Ade om'é‘f%s" e ifi ORAPHY dcrinol. 2002] 56, 397—
403.
87. Kim, KJY.; Keel, M.K.; Chorg, S.A,; : . hrcinoma.

Cancel Epidessi®l. Biomark.

88. Sano, T.
NeurogndocrineWumors. Arch. Pathet:

ANGIOGENESIS
89. Tadros| T.S.; Strauss, R. LN ohe i IVItW| ragangliomas but
Not in arcinoid Tumors. Appl. IMlstB%%é’Jn I\%‘

90. Hulting, A.-L.; Meister, B.; Grimetlius, L.; Wersall, J.; Anggard, A.; Hokfelt, T. Production of a

Figure, 3. Mainp signalin thways in whj h the aninergic system is involve Black s indicat e actlvat|on
g&a anlnzwe ge tlgepgl ﬂuman Ituitar Adeno?n ){mmunoﬂlstoc emlcalalgw ence.

patE)h SIO|m %%endd ri%SJ 1§d}c%tgi %%%kade/suppressmn green arrows mean final results. AC adenylate

cyclase; Akt, Akt serine/threonine kinase family (also called PKB); AS160, Akt substrate of 160 kDa; ATP,
HdeYiermakipnbbinaca08s T A Gsn KAHESRNe BendRiiRSRidEe pHoSH alRinckikeeRnsBpiere Wibabe
inhiiUM @RS, CNicotiQpigdH) Cefepidiaaiiaphy \sRRIMas10fdhey bl Mastdiitubary, HiseWiylycerol; ER,
endepACETiobiMAIAR - AOROKAIN 4érnAfde that produces cyclic adenosine monophosphate; GAL, galanin;
GAL1-15 fragment, galanin 1-15 fragment; GAL1-16, galanin 1-16 fragment; GAL1-29, galanin 1-29 fragment;
GAL R, galanin receptor 1; GAL,R, galanin receptor 2; GAL3R, galanin receptor 3; GALP: GAL-like peptide; GIRK,
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9Q. gretiin-Lo RilkaowhaMly-Asaifyi pdtsssled ;FG dol a& gristeiiB aefter subbniCarBbiadiang G eretsilatpha i/o
sutﬁra‘tsagl@myt@meteﬁ] Miptehelbgidal SRy oGNireealsea- grotendl suivapiatiiob, 18@4e &8n B46P-25hositol

JAPPRBALE: RIS IR SR, ARG Y L IS B e NI P Al oo
i O IR LS A BRI PSS AT
cycte control %@He r}fﬁ&zolﬁgfhorylated Akt; pBad, phosphorylated BAD forms (induces apoptosis by inhibiting

ancer 1
antiapoptotic BCL-2 family members); PI3K, phosphatidylinositol 3-kinase; PIP2, phosphatidylinositol

HispRaprAVaR P> KMOSPREBEHn SR, WVashiishobpiawndi B. pMisAVkihadle MisRYapbicilAibade NabLc,
phobphollfaRe ;i Rabe, REs-RAIRAIBIGEFERIY. BURYPE A4 SHERIRSHRE CelRipiHeratien and IAGHGRS of
smAPOBLRSIR) It Drstdidtantshinadignst Meck{sanfRi&alkp: FID. FaReahRRs- VB8R, I LRt Znddial

HHOSKHMEMN, R.1.; Lind, G.E.; Monni, O.; Nesland, J.M.; Abeler, V.M.; Foss&, S.D.: Duale, N.;
Brunborg, G.; Kallioniemi, O.; Andrews, P.W.; et al. Differentiation of Human Embryonal
I 5afﬁhmmpei]rbi@6tmtegie$s Expression Profiles Relevant to Normal Development.

Cancer Res. 2005, 65, 5588-5598.

Peptides play an |mportant role in cancer; the in-depth knowledge of the functlons mediated by these substances is

96. Kepron, eis, P.; Bhara el-Reid, S.; Ghazaria Identification of
an emerging an promlsmg ine cﬂ 4earch tpat couldlﬁea‘g to new 'clinical ap ?’cat%ns in oncoﬁogy One line of

rescara Bouid be CéOJSeoéf'\.L%”t.'é"e%'%%ﬁ’Sﬂ& S AL N 2ol Qran, AR ReSTRIS: & The
use o?rpgggﬁgle rze%%gfo%gan'tzag%ﬁlsts or agonists. In the case of GAL, GALR antagonists or agonists could be used
%% BeigerpAtieaantias R ddalirge tetan bgkgent GigriadhdlipghWways KatyaetipRs, Raiisthe kyMSAGRsN 5L R
antdgpdietsasav hésipartinisté afteiy Bhéaedamie @trud fGal antik Reiceplors amtituynaepleasioersnd Alzheimer’s

disédeuropepiideSAFD5g39st353v8b8en used for the treatment of chronic pain K74, |t has also been reported

NAP 37889, tid t t locytic | Il
GBS RNVERSBIPE: AeR DR LA ST AT O, BB aRIE S R BT PR o T AR
expressin %AL Rk’[—]
Seha &/ roéck, S.; Longley, D.B.; Johnston, P.G. Identification of Galanin and Its Receptor GalR1
as Novel Determinants of Resistance to Chemothera Pot ntial Bi margers in CoLorectaI
In V|tro and In vivo experiments using human gastric cancer ce nes ave een performed to study the antitumor
Fer Clin. Cancer Rﬁs 2012 18, 5412 5426,
actlon of a triple treatment with GAL, serotohin and octreotide (an octapeptide that mimics the actions mediated by
Shnieogetjr). 28h MicatR e lwitr obe; ddaysend ooniegr gedo hiekimenarmiinatommjeete@se & tadkratifersion
andGvjabjtierljntitisoter Bintsalaoiimandelgatanas Redeeibris inivduafien BHomgds. wetanbieuiopatvet, this
red2€x@d, 1S n6bduestmlapoptosis or cell proliferation inhibition; thus, other unknown mechanisms were involved
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