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NPY, a 36-amino acid peptide
highly conserved among species
widely distributed in the central nervous system
hippocampal formation and cortex, two areas involved in affective disorders
four G protein coupled receptors known as Y1, Y2, Y4, and Y5 in mammals
the y6 receptor subtype has been identified in mice and rabbit but is absent in rat while in human and
other primates the cDNA contains a single base deletion resulting in the expression of a non-functional
receptor protein which is truncated from the sixth transmembrane domain
The Y1 and Y2 receptors protein and mRNA are widely distributed in high amounts in the central nervous
system, especially in frontal cortex, hippocampus, and amygdala

acute and repeated physical stress significantly increase NPY (protein and mRNA) levels
in the amygdala
these results strongly support a role for NPY in depression-like states and stress
response. Subsequent studies should investigate other potential mechanisms of
action (e.g., neurogenesis in dentate gyrus) and the downstream cascade of the
serotonin-dependent pathway.
the Y1 receptor seems to be involved in the stress response and to mediate
antidepressant-like properties of NPY.
Y2 agonist, NPY13-36,
The Y5 receptor subtype has been known as the “feeding receptor”
NPY mRNA levels are decreased in bipolar patients
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Role of NPY and its Y2Rs in stress-induced
obesity. Stress of exposure to cold or
aggression activates sympathetic nerves and
preferentially releases NPY over NE from the
sympathetic nerves in mice. Stress of restraint
or water avoidance preferentially releases NE,
without significant increase in NPY; this
results
in
increased
β-adrenergic
thermogenesis in brown adipose tissue (BAT)
and lipolysis in white adipose tissue (WAT),
leading to weight loss in both cases. Feeding
the cold- or aggressor-stressed mice an HFS
diet increases the adipose tissue levels of
cortisol, which in turn, further upregulates
expression of NPY in the sympathetic nerves
and NPY-Y2Rs in the adipocytes and
endothelial cells. Activation of these receptors
stimulates proliferation, differentiation, and
lipid filling of adipocytes, angiogenesis, and
macrophage infiltration, and leads to
abdominal fat growth. After 3 months of that
stress and an HFS diet, mice develop gross
abdominal obesity and metabolic-like
syndrome
Kuo et al..Ann N Y Acad Sci. 2008; 1148:2327.

Direct effects of neuropeptide (NPY) on adipocyte physiology in repeatedly stressed animals fed a palatable high-fat diet.
NPY acts on preadipocytes, endothelial cells and macrophages to promote adipocyte proliferation and maturation as well as
to induce new capillaries to supply nutrients to the increased fat mass. NPY is secreted from sympathetic nerve terminals in
response to stressors. The blockade of either NPY receptors or glucocorticoid receptors blocks the abdominal obesity that
occurs with stressors and a high-fat diet. Warne and Dallman. Nature Medicine 13, 781 - 783 (2007)

Proliferative or anti-proliferative effects of NPY have been shown in different cell systems. For example,
in vascular smooth muscle cells, NPY stimulates cell proliferation in vivo and in vitro by activating NPY Y1
receptor (Y1-R) and Y5-R, whereas the activation of Y2-R, also via interaction with Y5-R, appears to
modulate the proliferation and migration of endothelial cells.
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Figure 3. Activation of ERK and p38 MAPKs in NPY-stimulated iDCs.
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Figure 4. Phenotypical and functional analysis of NPY-stimulated immature dendritic cells.
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Figure 5. Allostimulatory ability of dendritic cells stimulated with NPY and T cell priming.
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Figure 6. Schematic illustration showing how NPY, affecting innate immune cell recruitment
and the cytokine profiles of DCs, may exert pro- and antiinflammatory effects during an
immune/inflammatory response or stress conditions (see text for details).
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The neuropeptide Y (NPY) family of peptides, in addition to its many physiological actions,
has also been involved in the modulation of tumor progression, with specific reference to
endocrine-related cancers such as neuroendocrine tumors, breast and prostate cancers.
These have been found either to express NPY receptors, or to secrete NPY-related peptides,
or both. The study of the role of the NPY family of peptides in the biology of endocrine
related tumors, specifically concerning cell proliferation, angiogenesis, invasion and
metastatization, may help to clarify some aspects of tumor pathophysiology, as well as to
indicate novel diagnostic markers and therapeutical approaches.
Effects relevant to tumor progression have also been demonstrated for these peptides,
specifically on cell proliferation, matrix invasion, metastatization, and angiogenesis.
Proliferative or anti-proliferative effects of NPY have been shown in different cell systems.
For example, in vascular smooth muscle cells, NPY stimulates cell proliferation in vivo and in
vitro by activating NPY Y1 receptor (Y1-R) and Y5-R, whereas the activation of Y2-R, also via
interaction with Y5-R, appears to modulate the proliferation and migration of endothelial
cells.

The involvement of NPY and NPY-Rs in the progression of endocrine-related cancers may be
associated with: (a) expression of NPY-Rs in the context of the tumor; (b) in situ production
of NPY; (c) a combination of expression of NPY-Rs and local production of NPY by the tumor.
In the first case (a), the tumor becomes a target of extratumorally produced NPY, secreted
by normal structures (nerve fibers, neuroendocrine cells) proximal to the tumor. In this
condition, the presence of NPY-Rs may be targeted by specific drugs with either agonist or
antagonist activity or by radiolabeled compounds with diagnostic or therapeutic relevance.
Moreover (b), tumorproduced NPY may act locally in a paracrine fashion and/or reach the
bloodstream and generate systemic effects. In this case, the measurement of NPY plasma
levels may have the value of a diagnostic marker. When both NPY and NPY-Rs are expressed
by the tumor (c), NPY action may result in either promotion or suppression of cancer
growth through paracrine mechanisms. Interestingly, the neural expression of some
components of the NPY system, such as the Y1-R and NPY itself, have been shown to be
regulated by some hormones, which are also involved in the promotion of endocrine
dependent tumors, such as androgen for prostate cancer and estrogen for breast cancer

Antilipolytic and adipogenic effects of NPY on white adipose tissue. In the peripheral system, NPY binds to receptors 1, 2 and 5 and affects β-adrenergic receptor (β1-AR, β2-AR and β3-AR;
mainly through β2-AR) configuration, the modification thereby leading to improved affinity for Gαi proteins. Subsequently, this activation of inhibitory GTP-binding protein alpha subunit
(Gαi) inhibits adenylyl cyclase (AC) and cyclic AMP (cAMP) production. Decreased cellular cAMP levels inhibit protein kinase A (PKA), which phosphorylates and activates hormone-sensitive
lipase (HSL). Decreased PKA activity also inhibits phosphorylation of lipid droplet-associated protein perilipin (peri) into PeriA, which controls the magnitude of lipolysis. Lipolysis is catalyzed
by 3 lipases. Triacylglycerol is firstly hydrolyzed by adipocyte triglyceride lipase (ATGL) resulting in the formation of diacylglycerol (DAG) and release of a fatty acid (FA). Monoacylglycerol
lipase (MGL) catalyzes hydrolysis of MAG, yielding glycerol and a FA. Increased hypothalamic (abbreviated as hypo in the figure) NPY inhibits sympathetic nerve system (SNS) outflow and
suppresses catecholamine release, mainly norepinephrine (NE), and thereby their binding to β-adrenergic receptors, which in turn reduces the cAMP-PKA pathway-associated lipolysis. On
the other hand, NPY itself in the peripheral system can stimulate ERK-mediated adipogenesis. Through the hypothalamus-SNS-adipose tissue axis, reduced NE enhances adipogenesis via
undefined mechanisms. Reduced SNS outflow is compensated for by adrenal medullary catecholamines, primarily epinephrine (EPI), which was also known to stimulate adipogenesis,
possibly through NPY regulation.
Zhang et al Nutrition & Metabolism 2014 11:27

ADIPOSE PROGENITORS AND CANCER
Clinically, expansion of white adipose tissue (WAT) leading to obesity results from
mature adipocyte hypertrophy, as well as hyperplasia resulting from progenitor cell
proliferation. Multipotent progenitors of preadipocytes in WAT have been identified in
the stromal vascular fraction (SVF) (Zhang, Bellows, & Kolonin, 2010). Preadipocytes
considered as intermediary cell type along the adipocyte differentiation axis between
the bone marrow derived mesenchymal cells and mature adipocytes, and they are
morphologically indistinguishable from fibroblasts, although they are already committed
to the adipocytic lineage (Rosen & Spiegelman, 2000). It has been proposed that WATderived mesenchymal stem (stromal) cells, termed adipose stem cells (ASC) contribute
to tumorigenesis by increasing tumor angiogenesis, or by paracrine or endocrine
signalling to malignant cells (Zhang, et al., 2010). Studies in animal models demonstrate
that ASCs injected intravenously or subcutaneously engrafted into the tumor stroma and
vasculature and promote tumor growth. Recently, it was shown that recruitment of
endogenous ASCs into tumors in obesity is associated with increased vascularization and
adipogenesis accompanied by proliferation of malignant cells (Zhang, et al., 2010; Zhang,
et al., 2012).
These data raise many open questions regarding the relative functional contribution of
adipose tissue subpopulations in various cancers types and stages among obese versus
lean subjects. It is also unknown what constitutes the critical signal that induces cellular
trafficking and recruitment into the tumor microenvironment. Hefetz-Sela1 S and Scherer PE.
Pharmacol Ther 2013; 138: 197–210

