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Abstract:
The formation of new blood vessels is the initial step in neovascularisation. The first stage
in angiogenesis is the activation of endothelial
cells. Copper ions stimulate proliferation and
immigration of endothelial cells. It has been
shown that serum copper concentration increases as the cancer disease progresses and
correlates with tumour incidence and burden.
Copper ions also activate several proangiogenic
factors, e.g., vascular endothelial growth factor, basic fibroblast growth factor, and
interleukin 1. This review concerns a brief introduction into the basics of blood vessel development as well as the regulatory mechanisms of this process. The role of copper ions
in angiogenesis is discussed.
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Introduction:
Angiogenesis, the formation of new capillaries from existing vasculature, is a critical process in normal physiology as well as several
physiopathologies. Judah Folkman recognized
this fact in a 1971 hypothesis that stated tumour growth requires an increment in capillary
growth [1]. Variable angiogenic factors that
comprise the network of components that respond to tumour cell stimuli were identified and,
in time, a sequence of cellular events was hy-

pothesized. Such events include the activation
of factors that mediate migration, mitosis, and
differentiation of endothelial cells, and the reshaping of matrix proteins into the familiar tubular structure of capillary anatomy, each of
which has a rather specific requirement for copper. Copper is an essential trace element for
all the living organisms [2] and is one of the
key requirements for angiogenesis. Hence the
activity of several angiogenic factors directly
or indirectly depends upon it [3]. The intricate
steps of angiogenesis are a multifactorial process that involves participation of many growth
factors. The role of copper containing enzymes,
ceruloplasmin (ferroxidase I) and ferroxidase
II that have the capacity to oxidize ferrous iron
(Fe2+) to ferric iron (Fe3+), the form of iron
that can be loaded onto the protein transferrin
for transport to the site of red blood cell formation and they act as an instigators of angiogenesis. Although the ferroxidase activity of
these two cuproenzymes has not yet been
proven to be physiologically significant, the
fact that iron mobilization from storage sites
is impaired in copper deficiency supports their
role in iron metabolism [4, 5]. In this review
article we emphasize the role of copper and
copper containing compound in physiopathology of angiogenesis in Dysfunctional Uterine
Bleeding (DUB).
Dysfunctional Uterine Bleeding (DUB) refers
as an excessively heavy, prolonged or frequent
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bleeding (menorrhagia) which is not caused by
pregnancy or any recognizable pelvic or systemic disease [6]. The etiology of DUB could
be hormonal imbalance, which can lead to endometrial hyperplasia [7] and occurs from the
endometrial capillaries and smaller vessels [8].
There are several factors involved in the regulation of endothelial cell growth, function and
angiogenesis in DUB. The most studied are
Vascular Endothelial Growth Factor (VEGF) [9,
10] and endothelial nitric oxide synthase
(eNOS) [11, 12]. VEGF has been shown to play
a pivotal role in the initiation and formation of
blood vessels, which involves endothelial cell
growth and differentiation [9, 10]. Vascular
endothelial growth factor (VEGF) is a signal
protein produced by cells that stimulates
vasculogenesis and angiogenesis. It is part of
the system that restores the oxygen supply to
tissues when blood circulation is inadequate.
It is been demonstrated that copper is required
for VEGF expression through its regulation of
Hypoxia-Inducible Factor (HIF) activity. Hypoxia-inducible factors (HIFs) are transcription
factors that respond to changes in
available oxygen in the cellular environment,
specifically, to decreases in oxygen, or hypoxia. However, the mechanisms underlying
these two actions are different. It has been
known that hypoxia-inducible factor 1-alpha,
also known as HIF-1α, is a protein that in humans is encoded by the HIF1A gene which is
the critical transcription factor for VEGF expression. The activity of HIF-1α is mainly
regulated by its intracellular stability and higher
concentration; hence concentration of HIF-1á
at lower level may not induce angiogenesis [13,
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14]. Metals such as cobalt [15, 16, 17] nickel
[15, 17] and copper [18, 15] can inhibit the process of HIF-1α degradation, and promote stabilization thus leading to its accumulation and
activation. Therefore, cells exposed to high
levels of cobalt, nickel or copper leads to overproduction of VEGF [18, 15, 16, 17]. It is been
shown that activation of HIF-1α transcription
activity requires copper. Copper depletion results in suppression of HIF-1α activation as
well as inhibition of VEGF expression [19, 20].
Most studies have used high levels of copper
to examine its effect on VEGF production and
cell growth, [21] leading to a conclusion that
copper stimulation of cell growth is mediated
by VEGF production. However, one study has
clearly shown a distinction between stimulation of cell growth by physiologically relevant
levels of copper and that by copper overload.
Under the experimental condition, copper did
not increase VEGF production, but copper was
clearly required for VEGF expression because
copper chelation by tetraethylenepentamine
(TEPA) inhibited VEGF expression. Corresponding to this effect was the inhibition by
TEPA of normal cell growth, an effect that
could be reversed by excess copper. Therefore,
under physiological condition, copper is required for VEGF expression to maintain normal cell growth [22]. It is important to note
that both genes for eNOS and VEGF are under
the regulation of HIF-1α, copper is required
for HIF-1α transcriptional activation and high
levels of copper induce HIF-1α accumulation
in the cell [18, 15]. Therefore, this would suggest that the increase in eNOS transcription
results from the effect of copper on mechanisms other than the regulation under HIF-1α.

Ó Journal of Krishna Institute of Medical Sciences University

7

JKIMSU, Vol. 2, No. 2, July-Dec. 2013

Copper and Neovascularization:
Copper has been shown to influence the bioactivity or production of a number of angiogenic factors [23, 24] and shares some of the
pathways utilized by hypoxia to regulate VEGF-A
expression [25, 23]. Vascular endothelial
growth factor A (VEGF-A) is a protein that in
humans is encoded by the VEGF-A gene. The
outgrowth of blood vessels streaming from the
implant was interpreted to result from the migration of a specific subset of endothelial cells
in response to an unknown angiogenic stimulus. Copper was thought at first to be acting as
a chemotaxic agent [26]. Later, it is been shown
by, Hannan and MacAuslan that copper stimulates the synthesis of fibronectin in cultures
of bovine endothelial cells [27], Suggesting the
effects of copper to be more likely to be internal. Fibronectin deposits on the surface of
endothelial cells have been an important factor for tracking and forming an adherent endothelium. Later copper has been found to
stimulate microvessel formation in the avascular cornea of rabbits, thus dismissing species specificity or uniqueness as a factor in the
response. Feeding rabbit diets deficient in copper suppress blood vessels appearance [28].
However, It is been established that copper is
one of the causative agents for
neovascularization. Copper has been connected
with cancer cells in a study that has shown mammary adenocarcinomas having a higher percentage of copper-positive cells; this finding
has led Fuchs and de Lustig to postulate a correlation between copper deposits and angiogenic and metastatic ability [29].
Studies also have shown that pro-inflammatory
compounds, such as prostaglandin E-1 (PGE-
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1) and interleukins (IL), stimulate blood
vessel formation in animal models. Leukocytes
in a stressful or Copper-dependent manner
were postulated to release matrix
metalloproteinases (MMPs) that result in degradation of extracellular matrix component,
collagen, which is believed to assist the movement of pre-existing endothelial cells from a
confined connective tissue environment [30].
Copper is an obligatory cofactor of angiogenesis and stimulator of endothelial cell migration and proliferation and activates vascular
growth factors. Hence the angiogenic activity
of beta-fibroblastic growth factor (β-FGF),
vascular endothelial growth factor (VEGF), tumor necrosis factor- alpha (TNF-α) and
interleukin-1 (IL-1) were found to be copper
dependent [31]. Copper has been shown to influence the bioactivity or production of a number of angiogenic factors including VEGF-A
[32, 14] and shares some of the pathways utilized by hypoxia to regulate VEGF-A expression [15, 32]. Copper containing intra uterine
devices (IUD) increases inflammatory action
and uterine bleeding [33]. Initial studies have
been done on serum, secretory endometrium
and menstrual blood copper levels in women
using copper-T IUD. There has been no change
in the serum copper levels, but the secretory
endometrium and menstrual blood copper levels have been significantly increased in the
endometrial tissue samples which have been
taken after insertion of IUD when compared
with samples taken before insertion. With these
results it has been concluded that copper is not
stored in basal layers of the endometrium but
is continually released from the copper IUDs
[34]. Thus previously serum copper levels have
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been studied only in women using copper-T
IUD. The effects of copper and ceruloplasmin
on neovascularization in endometrium and metastasis have not been investigated closely, because early research into angiogenesis has focused more on growth factors and cell signaling agents in the response to angiogenic stimulation. Copper has been shown to influence either the bioactivity or the production of a number of growth factors involved in the initiation
of angiogenesis, including VEGF [35] basic fibroblast growth factor (β-FGF) and angiogenin.
The effect of copper on these factors may arise
directly, or it may occur through a more complex, indirect process, but it is not yet clear how
the modulation of these factors by copper could
fully explain the mechanism involved in differentiation of endothelial cells in comparison to
other cell types. Although copper deficiency
appears to inhibit an angiogenesis but other
cellular processes dependant on copper show
no clinical disruption. It is possible that a number of regulatory angiogenic proteins, such as
VEGF, FGF and angiogenin are being activated
by growth factor-stimulated endothelial-cellexcrete copper [36]. Sen et al. 2002, in their
study has shown that copper sulfate induced
VEGF expression in primary as well as transformed human keratinocytes at physiologically
relevant concentrations. Immunohistochemistry of the wound site has demonstrated increased VEGF in the copper-treated mice compared with saline treated controls [35]. Thus,
therapy aimed at depleting copper may be a successful anti-neoplastic strategy which may target multiple angiogenic growth factors. In fact,
as outlined below, inhibiting tumor growth via
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copper depletion has been a successful strategy in animal models [37]. Copper is incorporated in the extra-cellular matrix that forms the
very structure of blood vessels. Copper acts as
a co-factor to molecules known as β-FGF,
VEGF, and angiogenin. Without it, they cannot
function, and growth of new blood vessels stops.
In other words, copper-reduction blocks angiogenesis by switching the endothelial cell into
the apoptosis (programmed cell death) pathway,
or quiescence, and the cancer remains dormant
[38]. Harris et al in 2004 in their study observed
that serum levels of proangiogenic factors
interleukins (IL)-6,-8, VEGF may correlate
with copper depletion but not with disease stability. One must therefore consider that elevating serum copper may be a cause that favours
rather than a response against further tumour
development [5].

Role of VEGF on endometrial angiogenesis:
The processes of endometrial differentiation
and menstruation involve the remodelling of the
endometrial vasculature. The angiogenic factor,
vascular endothelial growth factor (VEGF)-A
plays an important role in regulation of vascular permeability and the establishment of new
blood vessel formation and induces endothelial cell proliferation, migration, differentiation
in the endometrium and maintenance of vessel
fragility [35]. Although other factors, e.g. epidermal growth factor, transforming growth factor, and platelet-derived growth factor, can also
induce neovascular responses these agents are
not specific for vascular endothelial cells.
Maturation and remodelling of newly formed
micro vessels is accomplished by the coordination of several numerous processes in the
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Fig1- Mechanisms of physiological angiogenesis
Normal angiogenesis depends on the coordination of several independent processes. Removal of pericytes from the
endothelium and destabilization (1) of the vessel by angiopoietin-2 (Ang2) shift endothelial cells from a stable,
growth-arrested state to a plastic, proliferative phenotype. Vascular endothelial growth factor (VEGF)-induced
hyperpermeability (2) allows for local extravasation of proteasesand matrix components from the bloodstream. Endothelial cells proliferate (3) and migrate (4) through the remodeled matrix (5), and then they form tubes through which
blood can flow (6). Mesenchymal cells proliferate and migrate along the new vessel (7) and differentiate into mature
pericytes (8). Establishment of endothelial cell quiescence, strengthening of cell-cell contacts, and elaboration of new
matrix stabilize the new vessel (9). TGF-â, transforming growth factor-â; FGF, fibroblast growth factor; EGF, epidermal
growth factor; PDGF, plateletderived growth factor; TNF-á, tumor necrosis factor-á; a, arteriole; v, venule

microvasculature that are summarized in Fig.1
[39].
Currently the VEGF family includes VEGF-A,
PIGF (placenta growth factor), VEGF-B,
VEGF-C, VEGF-D, VEGF-E and svVEGF
(snake venom VEGE). Among the VEGF family, VEGF-A has also been localized to individual cells, presumed to be leukocytes, distributed throughout the endometrial stroma.
These cells have been identified as neutrophils
through dual immunohistochemical staining by
Möller et al [40]. Alternative exon splicing of
a single VEGF gene results in the synthesis of
at least 5 polypeptide isoforms of 121, 145,
165, 189, and 206 amino acids [41]. The active
forms of these VEGF glycoproteins are

homodimers linked via disulfide bridges [42,
43] and the various isoforms may be further
processed by posttranslational mechanisms,
e.g. by plasmin. The existence of multiple
VEGF species implies that they have different
biological properties, distribution, and synthesis. The most widely expressed forms, VEGF
121 and VEGF 165, are freely soluble, while
the 189 and 206 species are sequestered and
thus remain in the extracellular matrix [44, 45].
An important biological property that distinguishes the different VEGF isoforms, therefore, is their ability to bind to extracellular
matrix components, such as heparin and
heparan-sulfate. Thus, VEGF 121 lacks the
amino acids encoded by exons 6 and 7 of the
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gene and binds weakly, if at all, to heparin [46].
The 121 and 165 amino acid isoforms promote
permeabilization of blood vessels and proliferation of vascular endothelial cells [47], while
VEGF 189 uniquely induces endothelial cell
proliferation [45]. Two structurally related vascular endothelial cell specific tyrosine kinase
receptors, fms-like tyrosine kinase (flt-1) and
kinase domain region (KDR/flk-1), bind VEGF
with high affinity [48]. KDR/flk-1 appears essential for endothelial cell differentiation,
while flt-1 may be involved in vascular assembly [49, 50]. The physiological importance of
the VEGF flt-1/KDR/flk-1 receptor system in
blood vessel formation is based on several classical studies showing that: (1) the spatiotemporal expression of VEGF and its receptors
correlates closely with angiogenesis in various
systems [44]; (2) antibodies to VEGF or flk-1
[51-52] or administration of truncated soluble
flt-1 receptor to rats [53] or marmoset monkeys
[54] block angiogenesis; (3) targeted inactivation of the VEGF gene in mice resulted in disruption of vasculogenesis and induced embryonic lethality [55, 56]; and (4) mice lacking flt1 or KDR/flk-1 die in early development because of the absence of vasculogenesis [49, 50].
VEGF-A expression has also been reported in
uterine macrophages in the secretory phase of
the cycle. Production of VEGF-A and the upregulation of macrophage numbers
premenstrually may implicate these cells in the
menstrual process, where hypoxia and VEGF
could lead to an induction of MMPs, and also
in the revascularization of the endometrium
after menstruation [57]. Heavy menstrual blood
loss has been associated with aberrations in the
synthesis and production of vasodilatory
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prostanoids from the uterus. In women
diagnosed with menorrhagia, PGE2 synthesis
and prostaglandin E binding sites are greater in
uterine tissues compared with normal women
and correlate directly with menstrual blood loss.
Prostaglandin I2 (prostacyclin) and nitric oxide
synthesis are also elevated in menstrual blood
collected from women with menorrhagia [57].
This suggests that the degree or duration of
menstrual bleeding in women diagnosed with
menorrhagia may be augmented after elevation
of vasodilatory factors. Elevation of these
vasodilatory factors may further enhance
menstrual bleeding and vascular dysfunction by
up-regulating the COX/prostaglandin
biosynthetic pathway via a positive feedback
loop and promoting an autocrine / paracrine upregulation of growth factors specific for
vascular function (such as VEGF) [58]. The
presumed over expression of COX enzymes in
menorrhagia and the established role of COX
enzymes in regulation of pro- and
antiangiogenic factors would suggest a
disturbance in the balance of these factors in
menorrhagia compared with normal
menstruation [57].

Conclusion:
Angiogenesis is a complex process that relies
on the coordination of many different activities
in several cell types. Endothelial cells,
pericytes, fibroblasts, and immune mediators
express many different cytokines and growth
factors that react with other cells or
extracellular matrix components to effect
endothelial cell migration, proliferation, tube
formation, and vessel stabilization. Under
physiological conditions, angiogenesis is a
highly ordered process required for the normal
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remodelling of the primary vascular plexus
formed during vasculogenesis. Not only are
chemical mediators such as cytokines and
membrane proteins essential for remodelling
the vascular tree, but biomechanical forces such
as blood flow and shear stress are also critical
angiogenic factors. The reliance of a newly
formed vessel on a flow of blood for survival
ensures that only those vessels supporting a
physiological function become a part of the
vascular network. Because any non-functional
component is eliminated from the system early
in development, such a mechanism is an
extremely efficient use of resources, space,
and energy. There are many endogenous and
exogenous factors involved in mechanism of
angiogenesis; among those factors copper is
having a significant contribution in etiology of
angiogenesis in tumour and dysfunctional
uterine bleeding condition.
Copper stimulation of cell growth has been
known for a long time and the underlying
mechanism involved is to link copper
stimulation of VEGF expression [59, 32]. Thus,
cellular copper levels may affect the synthesis
of proteins by enhancing or inhibiting the
transcription of specific genes [60].
Ceruloplasmin may function as an antioxidant
in two different ways. Free copper and iron ions
are powerful catalysts of free radical damage.
By binding copper, ceruloplasmin prevents free
copper ions from catalyzing oxidative damage
[61]. Serum copper levels and ceruloplasmin
levels may fall to 30% of normal in cases of
severe copper deficiency. One of the most
common clinical signs of copper deficiency
is an anemia that is unresponsive to iron therapy
but corrected by copper supplementation. The
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anemia is thought to result from defective iron
mobilization due to decreased ceruloplasmin
activity [60]. However, It is been demonstrated
that copper stimulation of human umbilical vein
endothelial cells (HUVEC), cell growth at the
physiologically relevant level is not VEGFdependent, but is eNOS-dependent. This
provides a novel insight into the understanding
of copper promotion of angiogenesis and
copper chelation-induced regression of
angiogenesis. It appears that VEGF is required
for the growth of endothelial cells, but eNOS
is more responsible for the stimulation of cell
growth above normal. Copper is required for
VEGF expression and is also able to increase
VEGF production [4]. In conclusion, copper has
been identified as an exogenous factor playing
a roles in regulating angiogenesis, copper has
been shown to have an effect on production of
number of angiogenic factors including VEGFA [23, 24]. Copper and copper complexes have
shown to directly stimulate angiogenesis in
several animal model systems while copper
chelation has shown to inhibit angiogenesis
[36]. Copper containing Intra Uterine Devices
(IUD) increases inflammatory action and
uterine bleeding [62]. It has been hypothesized
that elevated serum copper and VEGF levels
could be associated with menorrhagia, which
is excessive menstrual bleeding in the absence
of a well defined pelvic pathology, often
referred to as Dysfunctional Uterine bleeding
[31].
Copper at a physiologically relevant level
stimulates growth of HUVECs in cultures. This
stimulation is not accompanied by increases in
VEGF production and anti-VEGF antibody
neutralization does not inhibit copper
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stimulation of cell growth; thus, the cell growth
stimulating effect of copper is not VEGFdependent. On the other hand, copper at the
same level increases eNOS production and gene
silencing of eNOS inhibit copper recovery of
TEPA inhibition of cell growth, indicating that
the copper effect is eNOS-dependent. This
observation is in contrast to current belief that
cell growth stimulated by copper is VEGFdependent and provides novel insights into
angiogenesis promoted by copper.
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