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ANGIOGENESIS

Angiogenesis, the development of new capillaries form
pre-existing vessels, is an essential process during all life
stages. Starting from fetal development where the growth of
a vascular system is one of the earliest event in organogene-
sis, angiogenesis also occurs in adulthood, during wound
healing and restoration of blood flow to injured tissues [1].

New blood vessel formation by angiogenesis involves the
degradation of extra-cellular matrix combined with sprouting
and migration of endothelial cells from preexisting capillar-
ies [2]. Blood vessels consist of two main cell types: endo-
thelial cells and mural cells [3]. Angiogenesis requires the
coordinate activation of endothelial cells, which migrate and
proliferate in response to growth factors to form functional
vessels [4].

A very sensitive interplay of growth and inhibitor factors
finely regulate angiogenesis, whereas their imbalance can
lead to the ignition and progression of new vessel formation
[1]. Vascular endothelial growth factor (VEGF) is a potent
angiogenic peptide with biologic effects including regulation
of hematopoietic stem cell development, extracellular matrix
remodeling, and inflammatory cytokine formation. VEGF is
both a vascular growth factor and a vascular permeability
factor [5]. In fact, VEGF directly induces migration and mi-
tosis of endothelial cells [6] and indirectly vasodilatation
through the release of nitric oxide (NO) [7] by eNOS. Other
important pro-angiogenic mediators are represented by angi-
ogenin, angiopoietin-1/Tie2, TNF-o, IGF family, IL-8 and
NO, that represent the right arm of the so called “angiogenic
balance” [1].

Accordingly to this theory, the normally quiescent vascu-
lature can be activated to sprout new capillaries by a change
in the relative balance of angiogenesis’ inducers and inhibi-
tors. In fact, angiogenesis is a process tightly regulated and
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influenced by the positive factors mentioned above, as well
as by negative regulatory factors, as angiostatin and endos-
tatin. These factors are proteolytic fragments of larger pro-
teins that act as negative regulators of angiogenesis [1]
through the binding to specific integrins and stimulating
many kinases including PKC, ERK1/2, Akt and FAK. Fur-
thermore, it has been demonstrated that many exogenous
substances, including the natural products fumagillin, bor-
reledin, and withaferin, are able to inhibit angiogenesis [8].

Beside the angiogenic balance so far mentioned, another
important stimulus, allowing the new vessel development,
comes from the serine and cysteine protease families. These
proteins known as matrix metalloproteinase (MMP) are re-
quired to degrade the extracellular matrix (ECM) and let
endothelial cells to migrate as new vascular ‘sprout’ [9]. In
addition, protease activity contributes to the release of posi-
tive and negative angiogenic factors from the ECM and cell
surface. The pro-angiogenic milieu seems to derive from a
pro-inflammatory/ immune response initiated by different
cell type, including T helper cells and mast cells [10].

During the last decade the mast cells have been consid-
ered the deus ex machina for new vessel formation. Mast
cells are strategically localized in tight contact with blood
vessels where they release vasoactive compound, such as
VEGF, TNF-o0, together with important ECM degrading
enzymes, as MMPs and chymase [11]. Chymases belongs to
a family of serine protease with chymotrypsin-like activity,
fairly selectively expressed by mast cells [12]. Not only
chymases contribute directly to matrix destruction through
the cleavage of proteins (e.g. fibronectin and collagen), but
they also cooperate indirectly to activate MMPs. Therefore,
mast cells, unlike other cells, represent a self-dependent an-
giogenic inducer: they secrete and activate MMPs, immedi-
ately leading to matrix degradation, and contemporaneously
they release endothelial cell activating factors, thus they ini-
tiate endothelial “tube” formation and progression [13].

ROLE OF ANGIOGENESIS AND ITS CONTROL

Angiogenesis contributes to the development and pro-
gression of a variety of physio-pathological conditions [14].
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Physiologically, angiogenesis occurs during embryo-
genesis, development of follicles, corpus luteum formation,
embryonic implantation and wound healing [15].

However, during this process an imbalance may contrib-
ute to numerous malignant, inflammatory, ischemic, infec-
tious and immune disorders. In cancer as well as in diabetic
retinopathy and rheumatoid arthritis, the excessive angio-
genesis feeds diseased tissue and destroys normal one. Con-
versely, insufficient angiogenesis occurs in particular condi-
tions such as coronary heart disease, stroke and delayed
wound healing, where inadequate blood vessel growth leads
to poor circulation and tissue death.

Therefore, it is substantial to develop new angiogenesis
modulator [14]. On one hand, it will be useful to stimulate
new vessel formation during neurodegenerative disorders,
whereas an increased blood supply could minimize neuronal
damage in the brain, or during heart attack where new coro-
nary vessels could help repairing a damaged heart.

On the other hand, there is a growing evidence that anti-
angiogenic drugs will improve future therapies of diseases
like cancer, rtheumatoid arthritis and ocular neo-vasculari-
zation [16]. Agents able to block angiogenesis during endo-
metriosis could prevent the implantation of uterine tissue
outside the uterus, while during retinal disease angiogenesis’
inhibitors could help to reduce abnormal blood vessels for-
mation in the eye [17].

Nowadays, there are new evidences that an alternative
promising anti-angiogenic approach could come from natural
and synthetic Marijuana derivates, which represent the can-
nabimimetic “clan”.

CANNABIMIMETIC “CLAN”

Cannabis Sativa L contains a total of 483 identified
chemical entities belonging to different chemical classes.
Amongst them, cannabinoids (CBs) are the most distinctive
class of compounds, that exist only in this plant [18]. Most
CBs contain 21 carbon atoms, but there are some variations
in the length of the C-3 side chain attached to the aromatic
ring. Classical CBs are ABC tricyclic terpenic compounds
bearing a benzopyran moiety and they are insoluble in water
but soluble in lipids, alcohols, and other non-polar organic
solvents [19]. Most of CB effects in mammalian tissues are
mediated by the activation of two specific receptors, named
CB receptor and numbered chronologically on the base of
their discovery by a subscript (CB; and CB,). CBreceptors
have seven-trans-membrane-structure coupled to pertussis
toxin-sensitive Gi/o proteins able to inhibit adenylyl cyclase
activity, to activate the mitogen-activated protein kinase and
immediately to initiate early gene signaling pathway(s) [20,
21]. In addition, CB, receptors are coupled through Gi/o pro-
teins to various types of potassium and calcium channels.
The CB; receptors have been cloned from rat, mouse, and
human tissues and they exhibit from 97% to 99% amino acid
sequence identity across species. CB; receptor mRNA and
protein are found primarily in brain and neuronal tissue [22].
The CB; receptor exhibits only 48% homology with the CB,;.
The CBs receptors cloning lead to the discovery of their en-
dogenous ligands, known as endocannabinoids (endoCB)
[23]. The first to be discovered was the ethanolamide of ara-
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chidonic acid, known as anandamide (AEA). AEA. was
shown to bind the CB; receptor with modest affinity (Ki=61
nM), to have low affinity with the CB, receptor (Ki=1930
nM) [24], and to behave as partial agonist in biochemical and
pharmacological tests characterizing CB activity.

A second important endocannabinoid, 2-arachidonoyl-
glycerol (2-AG), binds weakly to both CB,; (Ki=472 nM) and
CB, (Ki=1400 nM) receptors [25]. 2-AG was isolated from
intestinal [25] and brain tissues [26] and it is present in the
brain at concentrations approximately 170-fold higher than
AEA. In extending the endoCB research, palmitoylthanola-
mide (PEA), a C16:0 fatty acid derivate, where the carboxy-
late function is amidated by the primary amine of ethanola-
mine, was isolated in mammalian brain, liver and skeletal
muscle. The ability of PEA to activate CBs receptors is still
under debate; in fact while PEA does not interact with CB; at
physiologically relevant concentration (Ki=23.8uM), it has
been suggested that PEA acts, at least in particular cell types,
as an endogenous ligands for CB, receptors (Ki=139.uM)
[27].

The common structural features, between the plant-
derived CB agonist A9-tetrahydrocannabinol (THC) and the
endoCB, are a polar head group and a hydrophobic chain
with a terminal n-pentyl group [19]. The structure—activity
relationship (SAR) studies of these compounds have recog-
nized four pharmacophores: a phenolic hydroxyl (PH), a
lipophylic side chain (SC), a northern aliphatic hydroxyl
(NAH), and a southern aliphatic hydroxyl (SAH) [28]. It
seems that the ‘‘lipophilic side chain’’ is the key pharma-
cophore that plays a crucial role in determining ligand affin-
ity and selectivity towards CBreceptors as well as pharma-
cological potency [29]. Interpretation of SAR data for en-
doCBs is more complex since these fatty acid derivates are
also agonists for non-CB;, non-CB, receptors. Beside classi-
cal CB receptor, AEA also interacts with several non-CB
receptors; among them the transient receptor potential vanil-
loid subtype 1 (TRPV1) channel, whom AEA binds an intra-
cellular site [30]. Recently, AEA and 2-AG were reported to
activate GPR5S5, an orphan G-protein-coupled receptor. The
evidence of endoCBs’ interaction with peroxisome-proli-
ferator-activating receptors (PPARs) o and vy, although at
high concentrations, has also been recently reviewed [31].

BIOSYNTHESIS AND DEGRADATION OF CAN-
NABINOIDS AND ENDOCANNABINOIDS

CBs, like many other plant terpenoids, are biosynthesized
via the deoxyxylulose phosphate pathway [32]. CBproduction
starts with the combination of geranyl pyrophosphate and
olivetolic acid to form cannabigerol (CBG). Moreover, CBG
is independently converted to either cannabidiol (CBD) or
cannabinol (CBC) by two separate enzymes. CBD is then
enzymatically cyclized to THC.

Several pathways might exist for the endoCB synthesis.
The biosynthesis of AEA involves the enzymatic transfer of
an arachidonoyl group from the sn-1 position of phosphati-
dylcholine (PC) to the head group of a phosphatidylethano-
lamine (PE) by an N-acyltransferase (NAT) [33]. AEA is
thenreleased by an N-acylphosphatidylethanolamine-specific
phospholipase D (NAPE-PLD) [34, 35] and possibly, to
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some extent, via the corresponding N-arachidonoyl-lyso-
phosphatidyl ethanolamine (NA-lyso-PE) [36]. Other fatty-
acid ethanolamides, for example PEA or oleoylethanola-
mide, can also be formed through these pathways. 2-AG, is
produced almost exclusively by the hydrolysis of diacylglyc-
erols (DAGs) via snl-selective DAG lipases (DAGLs) a and
B. The major endoCBs, AEA and 2-AG, differ only in their
head groups and they both derived from arachidonic acid,
and each of them has the biologically important terminal n-
pentyl tail.

After their cellular re-uptake, endoCBs are almost me-
tabolized via fatty acid amide hydrolase (FAAH), an enzyme
recognizing as substrates several esters, ethers and amides of
fatty acid.

2AG is more specifically degraded via monoacylglycerol
lipase (MAGL) or, at some extent, by other recently identi-
fied lipases, the af-hydrolases (ABH6) and 12 (ABH12), as
well as FAAH.

Like 2-AG, a selective PEA metabolizing enzymes, re-
ferred as PEA-preferring acid amidase (PAA), has also been
identified [35].

The cellular re-uptake mechanism of endoCB is not yet
characterized and it is still controversial. However, this
mechanism seems also to mediate the release of de novo syn-
thesized endoCBs. Moreover, both AEA and 2-AG might
become substrate for cyclooxygenase-2 (COX-2) and they
give rise to the corresponding hydroperoxy derivatives. The
AEA and 2-AG hydroperoxy derivates can then be converted
to prostaglandin ethanolamides (prostamides) and prosta-
glandin glycerol esters, respectively, by various prostaglan-
din synthases [37].

ROLE OF ENDOCANNABINOID SYSTEM AND ITS
CONTROL

EndoCBs, phytoCBs, and synthetic CBs affect several
body functions and they have shown to be effective in a
number of serious pathological conditions. Various diseases,
such as anorexia, emesis, pain, inflammation, multiple scle-
rosis, neurodegenerative disorders (Parkinson's disease,
Huntington's disease, Tourette's syndrome, Alzheimer's dis-
ease), epilepsy, glaucoma, osteoporosis, schizophrenia, car-
diovascular disorders, cancer, obesity, and metabolic syn-
drome-related disorders, to name just a few, have the poten-
tial to be treated by CBs [38].

Since the multiple possible targets for endoCB system, at
date, several pharmacological tools have been developed;
behind the selective agonists, inverse agonists and antago-
nists for CB; and CB,, also specific inhibitors of FAAH [39].

CANNABIMIMETIC DRUGS AND ANGIOGENESIS

The initial evidence of the antiangiogenic properties of
CBs come from numerous study on their antitumoral activ-
ity. In fact, for the first time in 2003 Casanova et al. [40]
discovered that CBs, beside the ability to induce tumour
growth regression, were also able to prevent vessel sprouts in
a model of skin tumour. The administration of a non selec-
tive CB,/CB, agonist or a selective CB, agonist in a non-
melanoma skin tumour, resulted in the development of
smaller blood vessels, in line with the finding that blood ves-
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sel enlargement constitutes a prominent feature of skin tu-
mour progression [40]. Moreover, in CB-treated carcinomas
the expression of pro-angiogenic factors (VEGF, PIGF and
Ang2) was depressed while anti-angiogenic factors remained
unchanged [41]. The anti-angiogenenic property of CB-
related drugs were then confirmed also in different tumour
types as firstly in a model of gliomas in mice [41]. CB, re-
ceptor activation lead to a pattern of blood vessels character-
ized predominantly by very small and narrow capillaries
compared to animals with gliomas that displayed micro vas-
cular hyperplasia, in which proliferating blood vessels were
lined by disorderly heaped up endothelial cells ultimately
transformed into glomeruloid tufts [40].

The protective effects of CBs in tumor vascularization in
vivo were also accompanied by changes in vascular func-
tionality as vascular permeability. CBs inhibited glioma-
associated angiogenesis not only by interfering with pro-
angiogenic factor signalling (VEGF and Ang2) [41, 42] in
the tumours but also by a direct agonism with CB receptors
expressed on endothelial cells. The discovery of a functional
CB; and CB; receptors on primary human endothelial cell-
line [43], HUVEC, was followed by the assessment that the
mixed CB;/CB, agonist, WIN-55,212-2, directly induced
vascular endothelial cell apoptosis and inhibited cell migra-
tion, both effects were reversed by the CB; and CB, selective
antagonists, pointing to a real depression of cell locomotion
(chemokinesis) rather than of cell chemotaxis [40]. CB re-
ceptor activation increased ERK activity in HUVEC, under-
lining the participation of the extracellular signal-regulated
kinase (ERK) cascade in CB action.

An alternative pathway for the anti-angiogenic effects of
CBs involves the blockage of p2lras activity, mediated
through CB, receptor activation. The local administration of
the stable AEA analogue and CB, receptor agonist Met-F-
AEA in thyroids tumours, dramatically reduced the levels of
VEGF and one of its receptors (Flt-1/VEGFR-1), thus indi-
cating that CB treatment affected the VEGF signalling and,
hence, tumour angiogenesis. These inhibitory effects of Met-
F-AEA were attenuated by the selective CB; receptor an-
tagonist, SR141716A, thus it suggests the involvement of
CB; receptor activation in the anti-angiogenic effect of the
compound [44].

However, the effect of CBs on angiogenesis are not me-
diated exclusively through CBs receptor activation; since
HU-331, a cannabidiol derivate, whose precise pharmacody-
namic profile remains to be established, probably acts
through a non CB-receptor mechanism [45]. This fact is not
surprising since vascular endothelial cells express various
functional receptors apart from CB ones, including the tenta-
tive abnormal cannabidiol receptor [46], and the TRPV1
vanilloid receptor [47], controlling important cell functions
such as migration [41], survival [42], and vascular tone [48].
In particular, HU-331 directly induces vascular endothelial
cell apoptosis without affecting the expression of the most
prominent cytokines and receptors involved in the control of
angiogenesis; it blunts not only basal angiogenesis but also
tumour angiogenesis. Nevertheless, it may not be ruled out
that HU-331 interferes with intracellular pathways modu-
lated by the pro/anti-angiogenic cytokines, as it has been
shown previously for CBs receptor activation [45]. HU-331
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affects the expression of a large number of genes involved in
key vascular endothelial cell functions. They include the
genes encoding for matrix metalloproteinase-1, the eicosa-
noid-generating enzyme COX-2, the bone growth/remode-
ling factor osteoprotegerin, the C-C chemokine monocyte
chemotactic protein-1, the prothrombotic protein VWF, and
the arachidonic acid-generating enzyme phospholipase A2
[45].

All these results have encouraged testing CB in a pilot
clinical study in patients with recurrent glioblastoma multi-
forme. The intracranial administration of THC reveals a fair
safety profile, together with its possible antiproliferative ac-
tion. Moreover, THC tended to decrease tumour vascularisa-
tion but only in two of nine enrolled patients [49], therefore
even though the effect was not statistically significant; it sets
the basis for future trials aimed to evaluate the potential anti-
angiogenic activity of CBs.

The antiangiogenic profile of CBs is not limited exclu-
sively to tumour-associated angiogenesis. In fact, recent pub-
lications have supported the role of CBs in the control of
new vessel formation during chronic inflammation. In line
with the effect on cancer, the activation of CB; and CB, re-
ceptors resulted in switching off the inflammatory scenario
by the down regulation of angiogenic pathways. The effects
of CBs are mediated by the control of NF-kB activation, one
of the most important transcription factor that regulates the
transcription of several pro-inflammatory and pro-angiogenic
mediators including for instance TNF-a, VEGF, iNOS,
COX-2, MMPs, and therefore resulting in new vessels for-
mation’s reduction [50].

Some recent studies have identified mast cells as a spe-
cific cellular target for CB anti-angiogenic effects, at least in
granulomatous-type of chronic inflammation. Mast cells, in
fact, express both functional CB receptors and their activa-
tion leads to the control of mast cell behaviour. Both CB;
and CB, selective agonists reduce the transcription and ex-
pression of chymase, a serine protease with chymotrypsin-
like activity, fairly selectively expressed by mast cells and
strongly implicated in new vessel formation [10]. However,
CBs receptor activation was able to reduce mast cells infil-
tration in inflamed tissues without affecting mast cell de-
granulation, which is the pivotal event in mast cell activa-
tion. Interestingly, other CB-related drugs resulted able to
control not only mast cell infiltration, but also mast cell de-
granulation, and in this way, reducing the release of the
plethora of pro-angiogenic factors from activated mast cells,
they prevent new blood vessels formation. This is the case of
Adelmidrol, a PEA analogue, whose physicochemical prop-
erties favour its usages in skin disorders, as A-carrageenin-
induced granuloma in rats. Ademidrol, almost completely
abrogates the granuloma-associated angiogenesis by the
modulation of mast cell degranulation at least, by the inhibi-
tion of the release of vasoactive VEGF and TNF-a and, in
parallel, of several enzymes involved in the degradation of
connective tissue, as MMP-9 and Chymase, which are neces-
sary for the advancement of the new formed vessels [11].

DISCUSSION AND CONCLUSIONS

The aim of the present review was to summarize the re-
cent findings on the emerging role played by cannabi-
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nomimetic compounds in the control of angiogenesis suggest
new possible pharmacological approach. As previously cited,
CBs strongly inhibit new vessel formation in different patho-
logical conditions from inflammation to cancer.

Here for the first time, it is possible recognized at least
three different cellular targets in CB anti-angiogenic action.
At the beginning, the antiangiogenic properties of CB have
been linked to their ability to inhibit the pro-angiogenic cas-
cade in several tumour cells [40]. Soon after, it was discov-
ered that CB directly affected endothelial cell migration and
survival [42], thus affecting the new tube capillary forma-
tion. At the end, the third cellular target of CB effect was
recognized in mast cells, at least in inflammatory skin disor-
ders [10].

Almost all the CB effects seem to be related to the activa-
tion of the two CB receptor subtypes, showing the way to a
future use of CB receptor agonists, in particular the selective
CB; agonists which lack in undesired psychotropic effects. In
fact, despite the emerging evidence regarding putative thera-
peutical activities of CBs, their effective introduction in the
clinical use is still controversial and strongly limited by un-
avoidable central side effects exhibited by many of them.

In this scenario, new CB-related drugs with similar anti-
angiogenic profile, as the quinone HU311 o PEA, which
only weakly interact with CB receptors, may represent the
most promising candidate for clinical utilization due to their
remarkable lack of any cognitive and psychoactive actions,
in addition to their excellent tolerability in humans [45]. The
antiangiogenic efficacy showed by these compounds may be
explained by the involvement of different functional recep-
tors, apart from CB receptor, including the tentative abnor-
mal cannabidiol receptor, the TRPV1 vanilloid receptor,
orphan receptor (GPR55) and even uncloned receptor. In
conclusion, it is conceivable to hypothesize the usage of
cannabinomimetic compounds, including PEA and its cong-
eners which, by the selective control of angiogenesis, may
subsequently prevent several pathological condition accoun-
ting for the resolution of the related pathologies.

Cannabinomimetic compounds, as anti-angiogenic drugs,
will improve future therapies of diseases like cancer, rheu-
matoid arthritis, chronic skin disorders and ocular neovascu-
larisation.
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