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Role of Curcumin on Tumor Angiogenesis in Hepatocellular Carcinoma
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Summary
Hepatocellular carcinoma (HCC) is a malignant tumor characterized by active neovascularization. Vascular
endothelial growth factor (VEGF) is the most important angiogenic factor that regulates the HCC development.
Overexpression of VEGF enhances the HCC tumor growth associated with increase of angiogenesis in the tumor,
whereas suppression of VEGF attenuates the tumor growth. Similarly, the cyclooxygenase-2 (COX-2) expression
stepwisely increases during hepatocarcinogenesis. Curcurmin has been shown to inhibit several angiogenic biomarkers
including, VEGF and COX-2 expression. Therefore, curcumin could be used as a candidate for the combined drug

treatment for HCC in the future.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the
five most common cancers worldwide, with a
particularly high prevalence in Asian countries due
to endemic hepatitis B virus infection (Parkin et al.,
2001). In Thailand, it is the most common cause of
death in men (Vatanasapt et al., 2002). Surgery,
including transplantation, remains the only
potentially curative modality for HCC, yet the
recurrence rate for this particular cancer is high
and long-term survival rate is rather poor.
Experimental and clinical data indicate that
human hepatocellular carcinoma tumor progression
is associated with angiogenesis and that an
increase in microvascular density is associated
with a poor prognosis. Angiogenesis plays a
significant role in the aggressiveness of HCC
(Pang & Poon, 2006; Semela & Dufour, 2004). A
better understanding of the mechanisms underlying
HCC angiogenesis may provide a basis for a
rational approach to develop an anti-angiogenic
therapy in patients with HCC.

Anti-angiogenic agents may have the following
theoretical advantages over cytotoxic chemotherapy:
1) the microvascular endothelial cells are
genetically stable with a low mutation rate 2) as
anti-angiogenic therapy targets the specific
immature characteristics of tumor vasculature,
which differs from normal quiescent vasculature,
has been demonstrated low toxicity in pre-clinical
studies; 3) endothelial cells are directly exposed
to blood borne agents, circumventing the problem
of drug delivery to tumor cells; this is a major
obstacle to conventional anticancer therapy
(Pang & Poon, 2006).

In this regard, discovery of non-toxic
anti-angiogenic phytochemicals could have

greater practical significance than non-selective
cytotoxic therapies to control the tumor growth
and metastasis by targeting angiogenesis. Since,
many dietary and non-dietary phytochemicals do
not affect survival of normal cells and also possess
anti-angiogenic as well as anti-tumorigenic
activities, it could be a rationale approach to examine
their inhibitory effect on tumor angiogenesis.
Therefore, selective targeting of tumor vasculature
by non-toxic phytochemicals could be a valuable
strategy for cancer control with reduced or no
harmful side effects.

Many phytochemicals could have a tremendous
potential as anti-angiogenic agent including
green tea (catechins) (Tang et al., 2006), grape
(resvevatrol) (Lee et al., 2006), soy (isoflanones)
(Zhou et al., 1999), soy (genistein) (Shao et al., 1998)
and turmeric (curcumin) (Gururaj et al., 2002;
Singh et al., 1996; Yoysungnoen et al., 2006).
These agents, which show anti-angiogenic effects
on tumors, act via different mechanisms to inhibit
the angiogenic process by disrupt in various
components of tumor angiogenesis signaling
pathway, which starts from the tumor cells secreting
angiogenic factors and endings in the formation
of blood capillaries by endothelial cells. Among
these candidates, curcumin is the most important
anti-angiogenic agent which has shown to inhibit
most step of tumor angiogenic process.

Curcumin (diferuloylmethane) which is a major
yellow pigment found in ground rhizome of
Curcuma longa. It has possessed wide range of
pharmacological activities including anti-inflammation
(Guo et al., 2008; Jacob et al., 2007), anti-oxidant
(Sandur et al., 2007; Suryanarayana et al., 2007)
and anti-cancer (Kunnumakkara et al., 2008;
Lin et al., 2007; Shankar et al., 2007; Yoysungnoen
et al., 2008). Recently, it has been shown that the
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anti-cancer property of curcumin is mediated in
part by its anti-angiogenic activity (Gururaj et al.,
2002; Singh et al., 1996; Yoysungnoen et al.,
2006). Therefore, the purpose of this review is
to discuss the possible role of curcumin, on tumor
angiogenesis, especially in hepatocellular carcinoma.

ANGIOGENESIS IN HEPATOCELLULAR
CARCINOMA

Tumor angiogenesis is the proliferation of a
network of blood vessels that penetrates into
cancerous growths. Tumor angiogenesis actually
starts with cancerous tumor cells releasing
molecules that send signals to surrounding normal
host tissue. This signaling activates certain genes
in the host tissue that, in turn, make proteins to
encourage growth of new blood vessels. Tumor
growth and metastasis are angiogenic dependent.
The development of tumor angiogenesis provides
two essential functions for the growth and
metastasis of cancer. First, the vessels provide
a route for supply of nutrient and oxygen to sustain
tumor growth, and excretion of metabolic waste.
Second, the neovessels provide access for tumor
cells to enter the circulation. Much of interest in
angiogenesis comes from the notion that for tumors to
grow beyond a critical size, they must recruit
endothelial cells from the surrounding stroma to
form their own endogenous microcirculation. This
process is driven by the metabolic requirements
of the rapidly growing tumor itself. Thus, during
tumor progression, two phases can be recognized:
a prevascular phase and a vascular phase.

The transition from the prevascular to the
vascular phase is referred to as the "angiogenic
switch". This angiogenic switch has been observed
in different types of cancers. The angiogenic switch
depends on a net balance of positive and
negative angiogenic factors in the tumor (Hanahan
& Folkman, 1996). It is now widely accepted that
the angiogenic switch is "off" when the effect
of angiogenic molecules is balanced by that
of anti-angiogenic molecules, and is "on" when
the net balance is tipped in favour of angiogenesis
(Hanahan & Weinberg, 2000). In tumors, the
switch to an angiogenic phenotype is known to
be critical for disease progression. Unless a tumor
can stimulate the formation of new blood vessels,
it remains restricted to a microscopic size.

The switch to the angiogenic phenotype
involves a change in the local equilibrium between
activators and inhibitors of the growth of microvessels.
Secretion by HCC cells, tumor-infiltrating
inflammatory cells and hepatic stellate cells of
factors like vascular endothelial growth factor
(VEGF), basic fibroblast growth factors (bFGF),
angiopoietins, platelet derived growth factor
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(PDGF), placental growth factor (PLGF), transforming
growth factor (TGF)- and others promotes the
sprouting of new vessels from nearby existing
vessels (Hanahan & Folkman, 1996; Jung et al.,
2003). Additionally, hypoxia in the center of the
growing tumors leads to intracellular stabilization
of hypoxia-inducible factor (HIF)-1a, the key
transcription factor in hypoxic tissues, and induces
the expression of several hypoxia response genes,
such as VEGF (Harris, 2002). On the other hand,
hypoxia decreases anti-angiogenic factors like
thrombospondin-1 (Fox et al., 2001). Moreover,
genetic alterations in tumor suppressor genes
(loss of function) and oncogenes (gain of function)
like p53, ras, myc, c-jun and others can upregulate
proangiogenic factors (Longo et al., 2002). Hepatitis B
virus X protein has also been shown to increase
the transcriptional activity and protein level
of HIF-1 and therefore promoting angiogenesis
during hepatocarcinogenesis (Moon et al., 2004).

Angiogenesis in HCC and other solid tumors
is based on the same fundamental principles
of activation, proliferation and migration of
endothelial cells: secreted angiogenic factors
activate resting endothelial cells in adjacent blood
vessels. Activated endothelial cells loosen
interendothelial cell contacts and break down the
surrounding basement membrane and extracellular
matrix by secreting proteases. Matrix proteins
contain and sequester different angiogenic factors
such as VEGF, which are liberated after degradation
of the matrix and further stimulate endothelial
cells. These, then proliferate and migrate, involve
different integrins during migration, and finally
assemble to a tubular structure. Subsequent
formation of a lumen then leads to the formation
of a new blood vessel (Semela & Dufour, 2004).
Pericytes are involved in the stabilization and
maturation of the newly formed vessel. Tumor
vessels differ from normal vessels in many aspects
due to dysregulation of signaling pathways involved
in angiogenesis and, therefore altered gene expression
of angiogenic factors. In comparison to normal
blood vessels, such newly formed tumor vessels are
structurally and functionally abnormal.

By intravital fluorescent microscopy, our study
demonstrated that there was a significant increase
in the numbers of neocapillary density with
the heterogeneous network in hepatocellular
carcinoma (HepG2)-implanted nude mice in
comparison to the controls (Yoysungnoen et al.,
2006). Particularly, we have noticed the changes
of host arterioles, and neocapillary vessels as that
they appeared to be tortuosity dilatation, and
hyperpermeability, respectively (Figure 1). These
changes of host microvessels might be a result
of angiogenic growth factors (in particular, VEGF)
binding to its receptor on endothelial cells. These
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specific characteristics of tumor vessel have an
impact on diagnostic and therapeutic strategies
in tumors. For example, leakiness of tumor vessels
leads to increased interstitial fluid pressure which
compromises the delivery of drugs into tumor
tissue (Tong et al., 2004) or the diffusion of
contrast agents for tumor imaging.

Tumor cells regulate angiogenesis process of
endothelial cells via paracrine effect. This paracrine
effect also imparts survival value to the endothelial
cells (Carmeliet, 2005). Therefore, it can be inferred
that paracrine regulation of endothelial cells by
tumor cells is the initial event in breaking
dormancy of initiated tumor cells. The important
angiogenic factors secreted from tumor cells
are VEGF, bFGF and insulin like growth factor
(IGF-1), which stimulates tumor neo-angiogenesis
and vascular permeability. Interleukin-8 (IL-8),
Cyclooxygenase-2 (COX-2) and inducible nitric
oxide synthase (iNOS) are among the inflammatory
angiogenic molecules secreted by tumor cells,
which influence the growth and development of
tumor vasculature and metastasis. Among these
VEGF appears to be the most critical angiogenic
factor regulating angiogenesis in HCC.

ROLE OF VEGF IN HCC-ASSOCIATED
ANGIOGENESIS

VEGF is one of the most important angiogenic
activator. It has a specific mitogenic effect on
endothelial cells, and it also increases vascular
permeability (hence also known as vascular
permeability factor) and promotes extravasation
of proteins from tumor vessels, leading to the
formation of a fibrin matrix that supports the
growth of endothelial cells and allows invasion
of stromal cells into the developing tumor (Dvorak
et al., 1992). The effects of VEGF are mediated
via its receptors, VEGF-1 (Flt-1) and VEGF-2
(KDR/FIk-1), by endothelial cells (Veikkola et al., 2000).
In normal hepatic parenchyma Flt-1 is expressed
on endothelial cells within portal tracts and
on macrophages. KDR/Flk-1 is expressed on
sinusoidal endothelial cells (Yamaguchi et al.,
2000). Both receptors, especially KDR/Flk-1,
are expressed on endothelial cells of HCC vessels.
The mRNA of KDR/FIk-1 is significantly more
abundant in the HCC in comparison to the
non-tumoral parenchyma (Yamaguchi et al., 2000).
VEGF is thought to be a specific angiogenic
factor, recent evidence suggested that some tumor
cells may also express VEGF receptors, and VEGF
may act as an autocrine growth factor in stimulating
the proliferation of such cancer cells (Masood
et al., 2001). The direct correlation between
overexpression of VEGF in tumor cells and tumor
angiogenesis in HCC has been demonstrated.
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Mise et al. (1996) first reported that the level
of VEGF mRNA was found to be significantly
correlated with the intensity of angiographic tumor
staining. A subsequent study also demonstrated
a strong association between VEGF immunostaining
and angiographic vascularity, which suggested an
important role of VEGF in the development of
neovascularization in HCC (Torimura et al., 1998).

The degree of VEGF expression during
development of HCC correlates with microvascular
density, unpaired arteries (i.e., arteries not
accompanied by bile ducts, indicative of
angiogenesis) and with CD34 staining as a marker
of sinusoidal capillarization (Park et al., 2000).
In addition, tumor expression of VEGF (mRNA
and protein expression) significantly correlates
with serum VEGF level in patients with HCC
providing the basis for using circulating VEGF
as a prognostic marker (Poon et al., 2003).
Concentration of circulating VEGF increases
with advancing HCC stage, the highest levels
being in patients with metastasis (Jinno et al.,
1998). Furthermore, an essential role for VEGF in
tumor angiogenesis has been demonstrated in
animal models by the findings that neutralizing
VEGF antibodies and dominant-negative VEGF
receptors inhibit both angiogenesis and the
progression of the disease (Kim et al., 1993).
In agreement with these studies, our results also
showed that serum VEGF increased significantly
in hepatocellular carcinoma cell (HepG2)-implanted
nude mice as compared to control (Yoysungnoen
et al., 2006). These data suggest that VEGF is an
important angiogenic factor in HCC.

The factors that regulate VEGF expression in
cancer have been elucidated. Mitogenic cell
survival and inflammatory signals play an essential
role in the synthesis and secretion of angiogenic
factors from tumor cells. This process occurs
via the activation of receptor tyrosine kinases,
such as EGFR, IGF-1R and PDGFR-f, leading to
the phosphorylation of important signaling
molecules, including ERK1/2 and PI3K, causing
expression of VEGF in tumor cells (Bancroft
etal.,2002).

Hypoxia is another factor correlated with the
poor survival and increased tumor vasculature
and metastasis (Harris, 2002). The expression
of VEGF in hypoxic area of HCC was regulated
through the HIF-la pathway (Wu et al., 2007).
An et al. (2000) demonstrated that seven times
more endothelial cells were positive for VEGF
antibody in carcinoma areas than in non-carcinoma
areas in HCC, suggesting that VEGF is an important
angiogenic factor for HCC. Hypoxia-induced
transcription of VEGF mRNA is apparently
mediated, at least in part, by the binding of HIF-1a
to an HIF-1a binding site located in the VEGF
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promoter, and by the activation of a stress inducible
PI3K/Akt pathway. In fact, progressive growth of
tumor creates ongoing hypoxia, which up-regulates
several pro-angiogenic compounds including
VEGF, bFGF, IL-8, TNF-a, TGF-b etc. These
compounds, via several mechanisms such as
increase of vessel hyperpermeability, release of
plasma proteins, induction of proteases, fibrin
formation, EC proliferation, migration etc., promote
angiogenesis and fibrinolysis resulting in continued
tumor growth and dysfunctional vasculature,
which further positively feedback to create
continuing hypoxia inside the tumors (Gupta &
Qin, 2003).

Recent studies have demonstrated that Hepatitis B
virus X protein, which is an important oncogenic
protein of hepatitis B virus, activates VEGF through
the HIF-1o pathway and plays a significant role in
inducing angiogenesis in hepatitis B virus related
hepatocarcinogenesis (Yoo et al., 2003). Moreover,
Hepatitis B virus X protein enhanced transcriptional
activity of HIF-1a in the reporter gene encoding
hypoxia response element or VEGF promoter, and
the expression of HIF-1lao and VEGF was increased
in the liver of HBx-transgenic mice (Yoo et
al., 2003). Later Moon et al. (2004) have also
demonstrated that HCC is detected in the liver
of the HBx-transgenic mice at the age of 11-18
months. They investigated whether the inductions
of HIF-1oo and VEGF are involved in HBx-induced
angiogenesis using the 12-month-old HBx-transgenic
mice. In immunohistochemical analysis, HBx was more
strongly detected in the dysplastic lesion than in the
non-neoplastic region of the HBx transgenic liver.
HIF-1a and VEGF were also strongly detected in
the dysplastic lesion of the HBx-transgenic liver.
In contrast, HIF-1a. and VEGF were rarely detected
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in the liver tissues of non-transgenic mice. The
capillary-like microvessels stained with PECAM-1
antibody were more frequently and strongly detected
in the dysplastic lesion than in the non-neoplastic
region of the HBx-transgenic liver. Moreover, they
have shown that HBx interacts and stabilizes HIF-1a
through inhibition of the interaction between von
Hippel-Lindau protein (pVHL) and HIF-1a and the
ubiquitin-dependent degradation. These findings
suggest that HBx may promote the development of
HCC by the overexpression of HIF-1a and the
induction of angiogenesis at the early stage of
hepatocarcinogenesis. Figure 2 summarized the
major pathway which regulated VEGF production in
hepatocellular carcinoma-associated angiogenes
is (Gupta & Qin, 2003).

In addition, COX-2 is involved in the regulation
of VEGF-induced angiogenesis in HCC (Cheng
et al., 2004). Cheng et al. (2004) reported that
Up-regulation of COX-2 correlates with VEGF
expression and tumor angiogenesis in HBV-associated
hepatocellular carcinoma. They have also demonstrated
that COX-2 up-regulates VEGF expression in
a HCC cell line, possibly via PGs production.
In a study from our group, both the overexpression
of COX-2 and elevation of serum VEGF were
observed in hepatocellular carcinoma-implanted
nude mice. Taken together, these results indicated
that COX-2 and VEGF were closely related with
each and both of them appear to play an important
role in the angiogenesis in HCC. Further studies
on the molecular mechanisms will be required
to clarify the critical role of VEGF and COX-2 in
regulating angiogenesis in HCC. The next review
section I will propose the role of COX-2 in
hepatocellular carcinoma-associated angiogenesis.

Figure 1. A: Fluorescence videoimage of the microvasculature for control; B: Fluorescence videoimage of the
microvasculature for 21 days after HCC cell (HepG2) inoculation onto the upper layer of the dorsal skin in nude

mice.
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Figure 2. The major pathway which trigger for VEGF production in hepatocellular carcinoma-associated

angiogenesis (modified from Gupta & Qin, 2003).

ROLE OF COX-2 IN HEPATOCELLULAR
CARCINOMA-ASSOCIATED ANGIOGENESIS

Recent studies have highlighted the potential
role of COX-2 in angiogenesis. Overexpression
of COX-2 has been demonstrated in HCC and HCC
cell lines (Bae et al., 2001; Cervello & Montalto,
2006; Zhao et al., 2007). Moreover, a correlation
between COX-2 expression and tumor angiogenesis
in HCC has been identified in previous studies
(Cheng et al., 2004; Rahman et al., 2001; Tang
et al., 2005). These results indicated that targeting
COX-2 to prevent HCC development might be a
fascinating therapeutic strategy. However, there are
little known about the involvement of the COX-2
pathway in HCC dependent angiogenic responses.

Cyclooxygenase is a membrane bound enzyme
that is expressed in at least two different isoforms,
and it is responsible for the oxidation of arachidonic
acid to prostaglandin G 2 and its subsequent
reduction to prostaglandin H 2 (Hla et al., 1999).
COX-1, a constitutively expressed isoform, is
expressed in many normal tissues and is involved
in a number of homeostatic body functions, such
as hemostasis, vasodilatation in renal vessels,
cytoprotection of the gastric mucosa, and platelet
aggregation (Morita, 2002). COX-2 is an inducible
form of cyclooxygenase and is also known as
prostaglandin (PG) H synthase. The expression of
COX-2 can be induced by various stimuli, such as
growth factors and cytokines. Current study
showed that COX-2 can stimulate angiogenesis
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and is associated with tumor growth, invasion, and
metastasis (Costa et al., 2002). COX-2 is up-regulated
not only in tumor cells but also in stromal
components, such as endothelial cells, macrophages,
chondrocytes, and fibroblasts. Even though COX-2
is also known to have an anti-apoptotic effect on
tumor cells (Bae et al., 2001), its angiogenic
property is believed to play a major role in its
relationship with cancer growth and progression
(Fosslien, 2001).

In spite of their efficacy as anti-angiogenic
agent, the precise mechanism(s) for the effect of
COX-2 inhibitors remains unclear. Tsujii et al.
(1998) firstly demonstrated the direct action of
COX-2 on angiogenic process. They hypothesized
that stimulation of tumor angiogenesis could be
done by the products of COX-2 activity, i.e. PGs,
TXA,. Since, they found that activated human
microvascular endothelial cells produce a number
of eicosanoid products including thromboxane
A2 (TXA,). Selective COX-2 antagonists have
been shown to inhibit TXA, production and
endothelial migration as well as corneal angiogenesis,
an effect that is reversed with the use of a TXA,
agonist U46619 under COX-2-inhibited conditions.
TXA, may represent an important intermediary
of the angiogenic process. Cianchi et al. (2001) have
also found a significant relationship between
prostaglandinE2 (PGE,), main product of COX-2
and tumor stage. Higher PGE, levels were found
in tumor specimens with distant or lymph node
metastases than those without any metastases.
Experimental studies have shown that PGE,
production or the addition of PGE, to cell cultures
can mediate important carcinogenic mechanisms.
Among these are the inhibitions of apoptosis by the
increasing of Bcl-2 levels (Sheng et al., 1998), the
stimulation of angiogenesis (Tsujii et al., 1998), the
inhibition of the immune response against cancer
(Kambayashi et al., 1995), and the invasiveness of
neoplastic cells by increasing matrix metalloprote
inase-2-activation (Tsujii et al., 1997). These effects
can be reversed by selective COX-2 inhibitors.
In addition, Dormond et al. (2001) investigated the
potential links between oVP3 integrin, an adhesion
receptor critically involved in mediated tumor
angiogenesis and COX-2. They demonstrated that
inhibition of endothelial-cell COX-2 by NSAIDs
suppressed aV[p3-dependent activation of the
small GTPases, Cdc-42 and Rac, resulting in
inhibition of endothelial-cell spreading and migration
in vitro and suppression of FGF-2-induced
angiogenesis in vivo. These results provide a
functional link between the direct effects of COX-2
on angiogenic process.

The indirect action of COX-2 on tumor
angiogenesis might be mediated by an up-regulation
of the expression of angiogenic factors like VEGF.
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Tsujii et al. (1998) used an endothelial cell/colon
carcinoma coculture model system to explore the
role of COX-2 in tumor related angiogenesis. They
demonstrated that COX-2 overexpressing Caco-2
and HCA-7 cells stimulated endothelial motility
and tube formation by the increased production
of proangiogenic factors, such as VEGF, basic FGF,
transforming growth factor beta, and platelet-derived
growth factor. These effects can be blocked by
NS-398, a selective inhibitor of COX-2. The current
evident demonstrated a significant correlation
between tumor cytosolic COX-2 and VEGF levels
in HCC (Tang et al., 2005). It has been shown that
COX-2-derived prostaglandins facilitate angiogenesis
by the up-regulation of VEGF expression, and the
increased levels of VEGF can be reversed by using
COX-2 inhibitor, suggesting that COX-2 regulates
VEGF expression and angiogenesis in HCC. These
data suggest that COX-2 was related to tumor
angiogenesis in up-regulating VEGF expression in
hepatocellular carcinoma cells, possibly via PGs
production. Therefore, the possible mechanism(s)
of COX-2 on modulating tumor angiogenesis may
be reside on both direct and/or indirect pathway as
described above. Figure 3 summarized the mechanisms
by which COX-2 derived prostaglandins are involved
in the carcinogenesis (Konturek et al., 2005).
Altogether, these results indicated that COX-2 is
crucial for tumor angiogenesis in HCC.

ANTI-ANGIOGENIC EFFECT OF CURCUMIN

Curcumin is the principal curcuminoid in
turmeric. Three major curcuminoids namely curcumin,
demethoxycurcumin and bisdemethoxycurcumin
occur naturally in these Curcuma species. It seems
that C. longa (turmeric) contains the highest
concentration of curcumin compared to other
species. Commercial curcuminoids isolated from
the rhizomes of C. longa consist of three
major curcuminoids approximately 77% of
curcumin, 17% of demethoxycurcumin and 3%
of bisdemethoxycurcumin (Huang et al., 1995).

Curcumin exhibits a variety of pharmacological
effects, and has been reported to have anti-
inflammation (Guo et al., 2008; Jacob et al., 2007),
anti-oxidant (Sandur et al., 2007; Suryanarayana
etal.,2007) and anti-cancer activities (Kunnumakkara
et al., 2008; Lin et al., 2007; Yoysungnoen et al.,
2008). Anti-cancer activities of curcumin could
exert both direct and indirect actions by inhibiting
tumor cell proliferation and by inhibiting tumor
angiogenesis, respectively. Direct action of curcumin
for inhibiting carcinogenesis has been shown to
inhibit cell proliferation and induce apoptosis in
hepatic cancer cells (Cao et al., 2007; Lin et al., 1998;
Yoysungnoen et al., 2008). Curcumin has also
exhibited significant anti-invasion activity in human
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HCCSK-Hep-1 cells, an effect that is associated
with curcumin inhibited action on matrix
metalloproteinase-9 (MMP-9) secretion (Aggarwal
etal.,2007).

Furthermore, curcumin can inhibit proliferation
and induces apoptosis in wide types of cancer cell
in vitro including cancers of the bladder, breast, lung,
pancreas, prostate, cervix, head and neck, ovary,
kidney, brain, bone marrow, and skin (Aggarwal
et al., 2003). It has also been shown to potentiate
the effect of chemotherapeutic agents (Aggarwal
et al., 2005; Kamat et al., 2007; Kunnumakkara
et al., 2007) and of y-radiation (Chendil et al., 2004).
In vivo curcumin has been used both to prevent and
to treat various cancers (Kunnumakkara et al., 2008).

Curcumin prevents a variety of carcinogen-
induced cancers in animals including 7,12-dimethyl-
benz(a)anthracene(DMBA)-induced lymphoma
and leukemia (Huang et al., 1998), DMBA-induced
mammary cancer (Singletary et al., 1996),
methyl-(acetoxymethyl)-nitrosamine(MNA)-induced
oral mucosal tumor (Tanaka et al., 1994), and
12-O-tetradecanoylphorbol-13-acetate(TPA)-induced
skin tumor (Huang et al., 1997). Furthermore,
curcumin has been used to suppress the mutagenic
effects of capsaicin, tobacco, cigarette smoke
condensate, 2-AAF, benzo(a)pyrene, and aflatoxin B1
(Anto et al., 2002; Deshpande et al., 1996; Singletary
etal., 1996; Vanisree & Sudha, 2006)

A number of preclinical studies showed that

T Invasiveness

l Apoptosis

T Angiogenesis
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curcumin exhibited anti-tumor effects and has been
used in treatments of various cancers. In one of
earlier study, Ruby et al. (1995) reported significant
reduction in tumor volume due to curcuminoid
treatment. In Cui et al. (2006) showed that oral
administration of curcumin (50-200 mg/kg) inhibits
the growth of leukemia (HL 60) and lymphoma
(SGC7901) cells induced xenografts in nude mice.
In a human breast cancer xenograft model study
using nude mice, Aggarwal et al. (2005) observed
that the administration of curcumin (2% in diet)
significantly decreased the incidence of breast
cancer metastasis to the lung and suppressed the
expression of NF- kB, COX-2, and MMP-9. Recent
study by Kunnumakkara et al. (2007) investigated
the chemosensitization effect of curcumin using an
orthotopic pancreatic cancer model. They found
that combinations of curcumin and gemcitabine
treatment could reduce tumor volume when
compared to gemcitabine treatment alone, indicating
curcumin had a chemosensitizing effect. In another
study Li et al. (2007) evaluated the anti-tumor,
chemosensitizing, and radiosensitizing effect
of curcumin using a xenograft prostate cancer
model. The experiment showed that xenografts
treated with combinations of curcumin and
gemcitabine reduced the expression of MDM2
oncogene. These results indicate a novel mechanism
of action that may be essential for curcumin's
chemotherapeutic effects (Li et al., 2007).

MAPK
IP3/Akt

nucleus

T Migration

T Proliferation

Figure 3. Role of prostaglandins, mediators of COX-2 derived in carcinogenesis (Modified from Konturek

etal., 2005).
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Clinical trials with curcumin have been reported
in several types of cancer such as oral (Kuttan
et al., 1987), breast (Kuttan et al., 1987), vulva
(Kuttan et al., 1987), skin (Cheng et al., 2001),
liver (Cheng et al., 2001), colorectal (Plummer
et al., 2001; Sharma et al., 2001, 2004), bladder
(Cheng et al., 2001), and cervical cancer (Cheng
et al., 2001). In a Phase I clinical trial, a dose of
8,000 mg/kg of curcumin daily for 3 months by oral
administration resulted in histologic improvement
of precancerous lesions in patients having uterine
cervical intraepithelial neoplasm (1/4 patients),
intestinal metaplasia (1/9 patients), bladder cancer
(1/2 patients) and oral cancer (2/7 patients) (Cheng
et al., 2001). However, in clinical trials of oral
administration of curcumin to human cancer patients,
the systemic availability of curcumin was found to
be negligible, especially outside the gut, due to
poor absorption of the compound (Garcea et al.,
2005; Sharma et al., 2004). Many analogs of
curcumin have been synthesized to increase the
potentials of curcumin and circumvent the low
bioavailability while keeping its low toxicity.
These derivatives also decreased the expression
levels of oncoproteins, including -catenin, Ki-ras,
cyclin D1, and ErbB-2, at concentrations much
lower than those normally used curcumin (Ohori
etal.,2006).

However, recent study performed by Dhillon
et al. (2008) evaluated a Phase II clinical trial of
biological effects of curcumin with potent nuclear
factor-kappaB (NF-kappaB) and tumor inhibitory
properties against advanced pancreatic cancer.
Patients received 8 g curcumin by mouth daily until
disease progression, with restaging every 2 months.
It was found that curcumin down-regulated
expression of NF-kappaB, cyclooxygenase-2, and
phosphorylated signal transducer and activator of
transcription 3 in peripheral blood mononuclear
cells from patients (most of whom had baseline
levels considerably higher than those found in
healthy volunteers). Whereas there was considerable
interpatient variation in plasma curcumin levels,
drug levels peaked at 22 to 41 ng/mL and remained
relatively constant over the first 4 weeks. They
concluded that oral curcumin is well tolerated and,
despite its limited absorption, has biological activity
in some patients with pancreatic cancer.

The molecular mechanisms by which curcumin
inhibits carcinogenesis have been investigated.
Curcumin suppresses the activation of several
transcription factors that are implicated in
carcinogenesis (Aggarwal et al., 2003), including
nuclear factor kappa B (NF-kB) (Aggarwal et al.,
20006), activator protein 1 (AP-1) (Tomita et al.,
2006), and at least two of the signal transducer
and activators of transcription proteins (Stat3,
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Stat5), and modulates the expression of early
growth response protein 1 (Erg-1), peroxisome
proliferators-associated receptor gamma (PPAR-y)
(Chen & Xu, 2005). It also suppresses the
expression of cyclin D1 (Mukhopadhyay et al.,
2002) and induces apoptosis of tumor cells
(Choudhuri et al., 2005; Sandur et al., 2007).
According to the inhibitory effects of curcumin on
these cell signaling pathways, curcumin could
mediate its anti-proliferation by inhibiting either
expression or activation of proteins required
for cell survival or cell proliferation pathway.

In human hepatoma cells, curcumin has been found
to inhibit I1-6 production, histone acetyltransferase
(HAT) activity, and AP-1 activation (Chen et al.,
2003) and induce cell death and apoptotic
biochemical changes, such as the mitochondrial
release cytochrome c, the cleavage of poly
ADP-ribose polymerase (PARP) (Labbozzetta
et al., 2006). Another proposed mechanism for
curcumin's inhibition of tumor growth in HCC is
through the inhibitioh of HIF-1 by degrading the
aryl hydrocarbon receptor nuclear translocator
(Bae et al., 2006; Choi et al., 2006). In addition, it has
been shown that mitochondrial hyperpolarization
is a perquisite for curcumin-induced apoptosis and
that mtDNA damage is the initial event in a chain
leading to apoptosis in HepG2 cells (Cao et al.,
2007). In vitro study using hepatic cancer cells, a
combination of curcumin and cisplatin had
synergistic anti-tumor effects (Aggarwal et al., 2007).

Previous studies have also reported anti-
carcinogenic effect of curcumin in HCC in vivo. In a
murine hepatocarcinogenesis model, five week-old
C3H/HeN mice were injected intraperitoneally
with N-nitrosodiethylamine (DENA). The treated
mice which were fed with a 0.2% curcumin mixed
into the diet, had 81% less multiplicity and 62%
fewer hepatocarcinomas than the non-treated
mice (Chuang et al., 2000). It also prevented the
induction of hepatic hyperplastic nodules and
body weight loss, increased in the levels of hepatic
diagnostic markers, and decreased hypo-proteinemia
in DENA-initiated and phenobarbital-promoted
hepatic cancer model of Wistar rats. In an orthotopic
implantation model, curcumin suppressed both
intraheptic metastases and the development of
altered hepatic foci (AHF) in rat livers. Inhibition of
tumor growth by systemic administration of 20 pg/kg
curcumin for 6 consecutive days to rats bearing
the highly cachectic Yoshida AH-130 ascites hepatoma
was also reported (Aggarwal et al., 2003). In one
of the studies, hepatocellular carcinoma cells were
injected subcutaneously in mice and 3 weeks after
cell injection, a tumor fragment from the injection
site was implanted to liver. Curcumin (100-200 mg/kg)
was administered 20 days after the implantation.
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The result showed that the curcumin treatment
could decrease in number of intrahepatic metastases
in a dose dependent manner, although the growth
of tumors at the implanted site was not affected by
the curcumin treatment (Aggarwal et al., 2003).
These data demonstrated direct anti-carcinogenic
activities of curcumin.

On the other hand, indirect action of curcumin
inhibits tumor growth via its anti-angiogenic
activity. Previous study demonstrated that curcumin
treatment resulted in inhibition of angiogenic
differentiation of human umbilical vein endothelial
cells (HUVEC) on matrigel and endothelial cell
infiltration and vessel formation in matrigel plug,
indicating the anti-angiogenic activity (Thaloor
et al., 1998). Subsequently, it was shown to inhibit
basic fibroblast growth factor (bFGF)-induced
corneal neo-vascularization in the mouse cornea
(Arbiser et al., 1998). This angiostatic efficacy in the
cornea was also observed when curcuminoids were
provided to mice in the diet (Mohan et al., 2000).
Recently, it has been shown that the anti-cancer
property of curcumin is mediated in part by its
anti-angiogenic activity (Gururaj et al., 2002;
Park et al., 2002; Singh et al., 1996; Yoysungnoen
et al., 2006 & 2008). Almost all of these finding
demonstrated the curcumin supplementation
significantly suppressed neocapillarization under
tumor progression.

Typically, angiogenic inhibitors may be divided
into two classes. Firstly, direct angiogenic inhibitors
refer to those agents which are relatively specific
for endothelial cells (Arbiser, 1997). Endothelial
cell apoptosis is necessary for repairing damaged
blood vessels and for sprouting and branching
of capillaries during angiogenesis. Reported by
Gururaj et al. (2002), curcumin could reduce the
cell number of EAT cells and HUVECs in vitro
without having cytotoxic effect, however it did
not affect the mouse fibroblast (NIH3T3) cells.
This indicates the specificity of curcumin action.
In another study, conducted by Shankar et al. (2007),
demonstrated that curcumin could inhibit capillary
tube formation and endothelial cell migration, and
these effects can be enhanced by mitogen-activated
protein kinase kinase (MEK) inhibitors. These
results could explain in part the direct angiogenic
inhibitors of curcumin.

Secondly, indirect angiogenic inhibitors are
those which may not have direct effects on endothelial
cells but may down-regulate the production of
angiogenic factors, such as VEGF (Arbiser et al., 1997).
Curcumin has been shown to inhibit the expression
of several genes involved in angiogenesis and

247

metastasis (VEGF, COX-2, ICAM-1, CD3l,
MMP-9) (Aggarwal et al., 2006; Bae et al., 2000;
Yoysungnoen et al., 2006). Bae et al. (2006) found
that curcumin significantly decreases hypoxia-induced
HIF-1a protein levels in HepG2 hepatocellular
carcinoma cells. Moreover, curcumin suppressed
the transcriptional activity of HIF-1a under hypoxia
leading to a decrease in the expression of VEGF,
a major HIF-1a target angiogenic factor. Curcumin
also blocked hypoxia-stimulated angiogenesis
in vitro and down-regulated HI/F-1o and VEGF
expression in vascular endothelial cells. These
findings suggest that curcumin may play pivotal
roles in tumor suppression via inhibition of HIF-1a
-mediated angiogenesis. In addition, previous study
reported that elements for transcription factor AP-1
are essential for VEGF-gene expression (Lee et al.,
2006). Since the binding of 4P-1 factor to its DNA
domain could be interfered by curcumin, it is possible
that curcumin exerts its influence on VEGF gene
expression via inhibition of AP-/ (Grau et al., 2000).
Furthermore, inhibition of COX-2 expression by
curcumin may be due to curcumin suppression
of the activation of NF-kB, the essential transcription
factor for COX-2 gene expression (Lee et al., 2005).
These evidence indicates inhibitory effects
of curcumin on angiogenesis either by direct actions
on endothelial cells or by down-regulation of the
production of angiogenic factors. Because of its
anti-cancer and anti-angiogenic activities, low
molecular weight and lack of toxicity, curcumin
could be an ideal candidate for a chemotherapeutic
agent (Hahm et al., 2004). Figure 4 summarizes
the proposed mechanisms by which curcumin
inhibits angiogenesis in HCC.

CONCLUSIONS

Angiogenesis plays an important role in the
aggressive biological behavior of HCC, one of the
most vascular human cancers. From the positive
correlation of VEGF and COX-2 levels in many
cancers, it is reasonable to speculate that the role
of VEGF and COX-2 are the most critical angiogenic
factor regulating angiogenesis in HCC. However,
the molecular mechanisms of association between
VEGF and COX-2 in regulating angiogenesis in
HCC remain to be clarified. Angiogenic inhibitors
provide a target for novel therapeutic approaches
to HCC. Curcumin possesses both direct and indirect
anti-angiogenic activity both in vitro and in vivo.
Therefore, curcumin could be a candidate for combined
drug treatment strategy for HCC in the future.
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Figure 4. The proposed mechanisms by which curcumin inhibits angiogenesis in HCC.



Naresuan University Journal 2008; 16(3)

REFERENCES

Aggarwal, B. B., Bhatt, 1. D., Ichikawa, H., Ahn,
K. S., Sethi, G., Sandur, S. K., et al. (2007).
Curcumin - biological and medicine properties.
New York: CRC Press.

Aggarwal, S., Ichikawa, H., Takada, Y., Sandur,
S. K., Shishodia, S., & Aggarwal, B. B. (2006).
Curcumin (diferuloylmethane) down-regulates
expression of cell proliferation and antiapoptotic
and metastatic gene products through suppression
of lkappaBalpha kinase and Akt activation.
Molecular Pharmacology, 69, 195-206.

Aggarwal, B. B., Kumar, A., & Bharti, A. C. (2003).
Anticancer potential of curcumin: Preclinical and
clinical studies. Anticancer Research, 23, 363-398.

Aggarwal, B. B., Shishodia, S., Takada, Y., Banerjee,
S., Newman, R. A., Bueso-Ramos, C. E., et al.
(2005). Curcumin suppresses the paclitaxel-induced
nuclear factor-kappaB pathway in breast cancer
cells and inhibits lung metastasis of human breast
cancer in nude mice. Clinical Cancer Research, 11,
7490-7498.

An, F. Q., Matsuda, M., Fujii, H., & Matsumoto, Y.
(2000). Expression of vascular endothelial growth
factor in surgical specimens of hepatocellular
carcinoma. Journal of Cancer Research and Clinical
Oncology, 126, 153-160.

Anto, R. J., Maliekal, T. T., & Karunagaran, D. (2000).
L-929 cells harboring ectopically expressed RelA
resist curcumin-induced apoptosis. The Journal of
Biological Chemistry, 275, 15601-15604.

Arbiser, J. L. (1997). Antiangiogenic therapy and
dermatology: A review. Drugs Today, 33, 687-696.

Arbiser, J. L., Klauber, N., Rohan, R., van Leeuwen,
R., Huang, M. T., Fisher, C., et al. (1998). Curcumin
is an in vivo inhibitor of angiogenesis. Molecular
Medicine, 4,376-383.

Bae, S. H., Jung, E. S., Park, Y. M., Kim, B. S,,
Kim, B. K., Kim, D. G, et al. (2001). Expression
of cyclooxygenase-2 (COX-2) in hepatocellular
carcinoma and growth inhibition of hepatoma cell
lines by a COX-2 inhibitor, NS-398. Clinical Cancer
Research, 7,1410-1418.

Bae, M. K., Kim, S. H., Jeong, J. W., Lee, Y. M., Kim, H.
S., Kim, S. R., et al. (2006). Curcumin inhibits
hypoxia-induced angiogenesis via down-regulation
of HIF-1. Oncology Report, 15,1557-15562.

249

Bancroft, C. C., Chen, Z., Yeh, J., Sunwoo, J. B.,
Yeh, N. T., Jackson, S., et al. (2002). Effects of
pharmacologic antagonists of epidermal growth
factor receptor, PI3K and MEK signal kinases on
NF-kappaB and AP-1 activation and IL-8 and
VEGF expression in human head and neck
squamous cell carcinoma lines. International
Journal of Cancer, 99, 538-548.

Cao, J., Liu, Y., Jia, L., Zhou, H. M., Kong, Y., Yang,
G., et al. (2007). Curcumin induces apoptosis
through mitochondrial hyperpolarization and
mtDNA damage in human hepatoma G2 cells.
Free Radical Biology & Medicine, 43, 968-975.

Carmeliet, P. (2005). Angiogenesis in life, disease
and medicine. Nature, 438, 932-936.

Cervello, M., & Montalto, G. (2006). Cyclooxygenases
in hepatocellular carcinoma. World Journal of
Gastroenterology, 12,5113-5121.

Chen, Y. N., Cheng, C. C., Chen, J. C., Tsauer, W.,
& Hsu, S. L. (2003). Norcantharidin-induced
apoptosis is via the extracellular signal-regulated
kinase and c-Jun-NH2-terminal kinase signaling
pathways in human hepatoma HepG2 cells. British
Journal of Pharmacology, 140, 461-470.

Chen, A., & Xu, J. (2005). Activation of PPAR
{gamma} by curcumin inhibits Moser cell growth
and mediates suppression of gene expression of
cyclin D1 and EGFR. American Journal of
Physiology - Gastrointestinal and Liver Physiology,
288, 447-456.

Chendil, D., Ranga, R. S., Meigooni, S., & Sathishkumar,
M. M. (2004). Curcumin confers radiosensitizing
effect in prostate cancer cell line PC-3. Oncogene,
23,1599-1607.

Cheng, A. S., Chan, H. L., To, K. F., Leung, W. K., Chan,
K. K., Liew, C. T., et al. (2004). Cyclooxygenase-2
pathway correlates with vascular endothelial
growth factor expression and tumor angiogenesis
in hepatitis B virus-associated hepatocellular

carcinoma. International Journal of Oncology, 24,
853-860.

Cheng, A. L., Hsu, C. H,, Lin, J. K., Hsu, M. M., Ho,
Y. F., Shen, T. S., et al. (2001). Phase I clinical
trial of curcumin, a chemopreventive agent, in
patients with high-risk or pre-malignant lesions.
Anticancer Research, 21,2895-2900.

Choi, H., Chun, Y. S., Kim, S. W., Kim, M. S., & Park,
J. W. (2006). Curcumin inhibits hypoxia-inducible



250

factor-1 by degrading aryl hydrocarbon receptor
nuclear translocator: A mechanism of tumor growth in-
hibition. Molecular Pharmacology, 70, 1664-1671.

Choudhuri, T., Pal, S., Das, T., & Sa, G. (2005).
Curcumin selectively induces apoptosis in deregulated
cyclin D1-expressed cells at G2 phase of cell cycle
in a p53-dependent manner. Journal of Biological
Chemistry, 280,20059-20068.

Chuang, S. E., Cheng, A. L., Lin, J. K., &
Kuo, M. L. (2000). Inhibition by curcumin of
diethylnitrosamine-induced hepatic hyperplasia,
inflammation, cellular gene products and cell-cycle-
related proteins in rats. Food and Chemical
Toxicology, 38,991-995.

Cianchi, F., Cortesini, C., Bechi, P., Fantappie, O.,
Messerini, L., Vannacci, A., etal. (2001). Up-regulation
of cyclooxygenase 2 gene expression correlates
with tumor angiogenesis in human colorectal
cancer. Gastroenterology, 121, 1339-1347.

Costa, C., Soares, R., Reis-Filho, J. S., Leitao,
D., Amendoeira, 1., & Schmitt, F. C. (2002). Cyclo-
oxygenase 2 expression is associated with
angiogenesis and lymph node metastasis in human
breast cancer. Journal of Clinical Pathology, 55,
429-434.

Cui, S. X., Qu, X. J., Xie, Y. Y., Zhou, L., Nakata, M.,
Makuuchi, M., et al. (2006). Curcumin inhibits
telomerase activity in human cancer cell lines.
International Journal of Molecular Medicine, 18,
227-231

Deshpande, S. S., & Maru, G. B. (1995). Effects
of curcumin on the formation of benzo[a]pyrene
derived DNA adducts in vitro. Cancer Letters, 96,
71-80.

Dhillon, N., Aggarwal, B. B., Newman, R. A., Wolff,
R. A., Kunnumakkara, A. B., Abbruzzese, J. L., et al.
(2008). Phase II trial of curcumin in patients with
advanced pancreatic cancer. Clinical Cancer
Research, 14,4491-4499.

Dormond, O., Foletti, A., Paroz, C., & Ruegg, C. (2001).
NSAIDs inhibit alpha V beta 3 integrin-mediated
and Cdc42/Rac-dependent endothelial-cell spreading,
migration and angiogenesis. Nature Medicine, 7,
1041-1047.

Dvorak, H. F., Nagy, J. A., Berse, B., Brown, L. F,,
Yeo, K. T., Yeo, T. K., et al. (1992). Vascular
permeability factor, fibrin, and the pathogenesis
of tumor stroma formation. Annals of the New York
Academy of Sciences, 667,101-111.

Naresuan University Journal 2008; 16(3)

Fosslien, E. (2001). Review: Molecular pathology
of cyclooxygenase-2 in cancer-induced angiogenesis.
Annals of Clinical and Laboratory Science, 31,
325-348.

Fox, S. B., Gasparini, G., & Harris, A. L. (2001).
Angiogenesis: Pathological, prognostic, and
growth-factor pathways and their link to trial design
and anticancer drugs. Lancet Oncology, 2, 278-289.

Garcea, G, Berry, D. P, Jones, D. J., Singh, R., Dennison,
A. R., Farmer, P. B., et al. (2005). Consumption of
the putative chemopreventive agent curcumin by
cancer patients: Assessment of curcumin levels in the
colorectum and their pharmacodynamic consequences.
Cancer Epidemiology Biomarkers & Prevention, 14,
120-125.

Grau, R., Punzon, C., Fresno, M., & Iniguez, M. A. (2006).
Peroxisome-proliferator-activated receptor alpha
agonists inhibit cyclo-oxygenase 2 and vascular
endothelial growth factor transcriptional activation
in human colorectal carcinoma cells via inhibition
of activator protein-1. Biochemical Journal, 395,
81-88.

Guo, L. Y., Cai, X. F., Lee, J. J., Kang, S. S.,
Shin, E. M., Zhou, H. Y., et al. (2008). Comparison
of suppressive effects of demethoxycurcumin
and bisdemethoxycurcumin on expressions of
inflammatory mediators in vitro and in vivo. Archives
of Pharmacal Research, 31,490-496.

Gupta, M. K., & Qin, R. Y. (2003). Mechanism and
its regulation of tumor-induced angiogenesis.
World Journal of Gastroenterology, 9, 1144-1155.

Gururaj, A. E., Belakavadi, M., Venkatesh, D. A., Marme,
D., & Salimath, B. P. (2002). Molecular mechanisms
of anti-angiogenic effect of curcumin. Biochemical
and Biophysical Research Communications, 297,
934-942.

Hahm, E. R., Gho, Y. S., Park, S., Park, C., Kim, K. W.,
& Yang, C. H. (2004). Synthetic curcumin analogs
inhibit activator protein-1 transcription and
tumor-induced angiogenesis. Biochemical and
Biophysical Research Communications, 321,337-344.

Hanahan, D., & Folkman, J. (1996). Patterns and
emerging mechanisms of the angiogenic switch
during tumorigenesis. Cell, 86, 353-364.

Hanahan, D., & Weinberg, R. A. (2000). The hallmarks
of cancer. Cell, 100, 57-70.

Harris, A. L. (2002). Hypoxia--a key regulatory
factor in tumour growth. Nature Reviews Cancer, 2,



Naresuan University Journal 2008; 16(3)

38-47.

Hla, T., Bishop-Bailey, D., Liu, C. H., Schaefers,
H. J., & Trifan, O. C. (1999). Cyclooxygenase-1
and -2 isoenzymes. The International Journal of
Biochemistry & Cell Biology, 31, 551-557.

Huang, M. T, Lou, Y. R., Xie, J. G, Ma, W, Lu, Y. P,,
Yen, P., et al. (1998). Effect of dietary curcumin
and dibenzoylmethane on formation of 7,
12-dimethylbenz[a]anthracene-induced mammary
tumors and lymphomas/leukemias in Sencar mice.
Carcinogenesis, 19, 1697-1700.

Huang, M. T., Ma, W., Lu, Y. P., Chang,
R. L., Fisher, C., Manchand, P. S., et al.
(1995). Effects of curcumin, demethoxycurcumin,
bisdemethoxycurcumin and tetrahydrocurcumin
on 12-O-tetradecanoylphorbol-13-acetate-induced
tumor promotion. Carcinogenesis, 16, 2493-2497.

Huang, M. T., Ma, W., Yen, P., Xie, J. G, Han, J.,,
Frenkel, K., et al. (1997). Inhibitory effects of
topical application of low doses of curcumin on
12-O-tetradecanoylphorbol-13-acetate-induced
tumor promotion and oxidized DNA bases in
mouse epidermis. Carcinogenesis, 18, 83-88.

Jacob, A., Wu, R., Zhou, M., & Wang, P. (2007).
Mechanism of the anti-inflammatory effect of
curcumin: PPAR-gamma activation. PPAR Research,
2007, 1-5.

Jinno, K., Tanimizu, M., Hyodo, I., Nishikawa, Y.,
Hosokawa, Y., Doi, T., et al. (1998). Circulating
vascular endothelial growth factor (VEGF) is
a possible tumor marker for metastasis in
human hepatocellular carcinoma. Journal of
Gastroenterology, 33,376-382.

Jung, J. O.,Gwak, G. Y., Lim, Y. S., Kim, C. Y., & Lee,
H. S. (2003). [Role of hepatic stellate cells in the
angiogenesis of hepatoma]. Korean Journal of
Gastroenterology, 42, 142-148.

Kamat, A. M., Sethi, G., & Aggarwal, B. B. (2007).
Curcumin potentiates the apoptotic effects of
chemotherapeutic agents and cytokines through
down-regulation of nuclear factor-kappaB and
nuclear factor-kappaB-regulated gene products in
IFN-alpha-sensitive and IFN-alpha-resistant
human bladder cancer cells. Molecular Cancer
Therapeutics, 6,1022-1030.

Kambayashi, T., Alexander, H. R., Fong, M., &
Strassmann, G. (1995). Potential involvement of
IL-10 in suppressing tumor-associated macrophages.
Colon-26-derived prostaglandin E2 inhibits

251

TNF-alpha release via a mechanism involving
IL-10. The Journal of Immunology, 154, 3383-3390.

Kim, K. J., Li, B., Winer, J., Armanini, M., Gillett, N.,
Phillips, H. S., et al. (1993). Inhibition of vascular
endothelial growth factor-induced angiogenesis
suppresses tumour growth in vivo. Nature, 362,
841-844.

Konturek, P. C., Kania, J., Burnat, G., Hahn, E. G,
& Konturek, S. J. (2005). Prostaglandins as
mediators of COX-2 derived carcinogenesis
in gastrointestinal tract. Canadian Journal of
Physiology and Pharmacology, 56, 57-73.

Kunnumakkara, A. B., Anand, P., & Aggarwal, B. B.
(2008). Curcumin inhibits proliferation, invasion,
angiogenesis and metastasis of different cancers
through interaction with multiple cell signaling
proteins. Cancer Letters, 269, 199-225.

Kunnumakkara, A. B., Guha, S., Diagaradjane, P.,
Gelovani, J., & Aggarwal, B. B. (2007). Curcumin
potentiates antitumor activity of gemcitabine in an
orthotopic model of pancreatic cancer through
suppression of proliferation, angiogenesis, and
inhibition of nuclear factor-kappaB-regulated gene
products. Cancer Research, 67,3853-3861.

Kuttan, R., Sudheeran, P. C., & Josph, C. D. (1987).
Turmeric and curcumin as topical agents in cancer
therapy. Tumori, 73,29-31.

Labbozzetta, M., Notarbartolo, M., Poma, P.,
Giannitrapani, L., Cervello, M., Montalto, G., et al. (2006).
Significance of autologous interleukin-6 production
in the HA22T/VGH cell model of hepatocellular
carcinoma. Annals of the New York Academy of
Sciences, 1089,268-275.

Lee, C. C., Chen, S. C., Tsai, S. C., Wang, B. W,, Liu,
Y. C., Lee, H. M, et al. (2006). Hyperbaric oxygen
induces VEGF expression through ERK, JNK
and c-Jun/AP-1 activation in human umbilical vein
endothelial cells. Journal of Biomedical Science, 13,
143-156.

Lee,J.,Im, Y. H., Jung, H. H., Kim, J. H., Park, J. O., Kim,
K., et al. (2005). Curcumin inhibits interferon-alpha
induced NF-kappaB and COX-2 in human A549
non-small cell lung cancer cells. Biochemical and
Biophysical Research Communications, 334,313-318.

Lee,E. O., Lee, H. J., Hwang, H. S., Ahn, K. S., Chae,
C., Kang, K. S., et al. (2006). Potent inhibition of
Lewis lung cancer growth by heyneanol A from
the roots of Vitis amurensis through apoptotic
and anti-angiogenic activities. Carcinogenesis, 27,



252

2059-2069.

Li, M., Zhang, Z., Hill, D.L., Wang, H., & Zhang, R.
(2007). Curcumin, a dietary component, has
anticancer, chemosensitization, and radiosensitization
effects by down-regulating the MDM2 oncogene
through the PI3K/mTOR/ETS2 pathway. Cancer
Research, 67,1988-1996.

Lin, L. I, Ke, Y. F,, Ko, Y. C., & Lin, J. K. (1998).
Curcumin inhibits SK-Hep-1 hepatocellular
carcinoma cell invasion in vitro and suppresses
matrix metalloproteinase-9 secretion. Oncology, 53,
349-353.

Lin, Y. G., Kunnumakkara, A. B., Nair, A., Merritt,
W. M., Han, L. Y., Armaiz-Pena, G. N., et al. (2007).
Curcumin inhibits tumor growth and angiogenesis
in ovarian carcinoma by targeting the nuclear
factor-kappaB pathway. Clinical Cancer Research, 13,
3423-3430.

Longo, R., Sarmiento, R., Fanelli, M., Capaccetti, B.,
Gattuso, D., & Gasparini, G. (2002). Anti-angiogenic
therapy: Rationale, challenges and clinical studies.
Angiogenesis, 5,237-256.

Masood, R., Cai, J., Zheng, T., Smith, D. L., Hinton, D.
R., & Gill, P. S. (2001). Vascular endothelial growth
factor (VEGF) is an autocrine growth factor for
VEGF receptor-positive human tumors. Blood, 98,
1904-1913.

Mise, M., Arii, S., Higashituji, H., Furutani, M., Niwano,
M., Harada, T., et al. (1996). Clinical significance of
vascular endothelial growth factor and basic fibroblast
growth factor gene expression in liver tumor.
Hepatology, 23,455-464.

Mohan, R., Sivak, J., Ashton, P., Russo, L. A., Pham,
B. Q., Kasahara, N., et al. (2000). Curcuminoids
inhibit the angiogenic response stimulated by
fibroblast growth factor-2, including expression of
matrix metalloproteinase gelatinase B. Journal of
Biological Chemistry, 275, 10405-10412.

Moon, E. J., Jeong, C. H., Jeong, J. W., Kim, K. R.,
Yu, D. Y., Murakami, S., et al. (2004). Hepatitis B
virus X protein induces angiogenesis by stabilizing
hypoxia-inducible factor-lalpha. Journal of the
Federation of American Societies for Experimental

Biology, 18,382-384.

Morita, 1. (2002). Distinct functions of COX-1 and
COX-2. Prostaglandins & Other Lipid Mediators,
68-69,165-175.

Mukhopadhyay, A., Banerjee, S., Stafford, L. J., Xia, C.,

Naresuan University Journal 2008; 16(3)

Liu, M., & Aggarwal, B. B. (2002). Curcumin-induced
suppression of cell proliferation correlates with
down-regulation of cyclin D1 expression and CDK4-
mediated retinoblastoma protein phosphorylation.
Oncogene, 21, 8852-8861.

Pang, R., & Poon, R. T. (2006). Angiogenesis and
antiangiogenic therapy in hepatocellular carcinoma.
Cancer Letters, 242,151-167.

Park, M. J.,Kim, E. H., Park, 1. C., Lee, H. C., Woo, S. H.,
Lee, J. Y., et al. (2002). Curcumin inhibits cell cycle
progression of immortalized human umbilical vein
endothelial (ECV304) cells by up-regulating
cyclin-dependent kinase inhibitor, p21 WAF1/CIP1,
p27KIP1 and p53. International Journal of Oncology,
21,379-383.

Park, Y. N.,Kim, Y. B, Yang, K. M., & Park, C. (2000).
Increased expression of vascular endothelial
growth factor and angiogenesis in the early stage
of multistep hepatocarcinogenesis. Archives of
Pathology and Laboratory Medicine, 124,1061-1065.

Parkin, D. M., Bray, F., Ferlay, J., & Pisani, P. (2001).
Estimating the world cancer burden: Globocan
2000. International Journal of Cancer, 94, 153-156.

Plummer, S. M., Hill, K. A., Festing, M. F., Steward, W.
P., Gescher, A. J., & Sharma, R. A. (2001). Clinical
development of leukocyte cyclooxygenase-2
activity as a systemic biomarker for cancer

chemopreventive agents. Cancer Epidemiology,
Biomarkers & Prevention, 10,1295-1299.

Poon, R. T., Lau, C. P, Cheung, S. T., Yu, W. C., &
Fan, S. T. (2003). Quantitative correlation of serum
levels and tumor expression of vascular endothelial
growth factor in patients with hepatocellular carcinoma.
Cancer Research, 63,3121-3126.

Rahman, M. A., Dhar, D. K., Yamaguchi, E.,
Maruyama, S., Sato, T., Hayashi, H., et al. (2001).
Coexpression of inducible nitric oxide synthase
and COX-2 in hepatocellular carcinoma and
surrounding liver: possible involvement of COX-2 in
the angiogenesis of hepatitis C virus-positive cases.
Clinical Cancer Research, 7,1325-1332.

Ruby, A. J., Kuttan, G,, Babu, K. D., Rajasekharan,
K. N., & Kuttan, R. (1995). Anti-tumour and
antioxidant activity of natural curcuminoids. Cancer
Letters, 94,79-83.

Sandur, S. K., Ichikawa, H., Pandey, M. K.,
Kunnumakkara, A. B., Sung, B., Sethi, G, etal. (2007).
Role of pro-oxidants and antioxidants in the
anti-inflammatory and apoptotic effects of curcumin



Naresuan University Journal 2008; 16(3)

(diferuloylmethane). Free Radical Biology &
Medicine, 43, 568-580.

Semela, D., & Dufour, J. F. (2004). Angiogenesis
and hepatocellular carcinoma. Journal of Hepatology,
41,864-880.

Shankar, S., Chen, Q., Sarva, K., Siddiqui, 1., &
Srivastava, R. K. (2007). Curcumin enhances the
apoptosis-inducing potential of TRAIL in prostate
cancer cells: molecular mechanisms of apoptosis,
migration and angiogenesis. Journal of Molecular
Signaling, 2, 10.

Shao,Z. M., Wu, J., Shen, Z. Z., & Barsky, S. H. (1998).
Genistein exerts multiple suppressive effects on
human breast carcinoma cells. Cancer Reasearch,
58,4851-4857.

Sharma, R. A., McLelland, H. R., Hill, K. A., Ireson,
C. R., Euden, S. A., Manson, M. M., et al. (2001).
Pharmacodynamic and pharmacokinetic study of oral
Curcuma extract in patients with colorectal cancer.
Clinical Cancer Research, 7,1894-1900.

Sharma, R. A., Euden, S. A., Platton, S. L., Cooke, D. N.,
Shafayat, A., Hewitt, H. R., et al. (2004). Phase |
clinical trial of oral curcumin: Biomarkers of
systemic activity and compliance. Clinical Cancer
Research, 10,6847-6854.

Sheng, H., Shao, J., Morrow, J. D., Beauchamp, R. D.,
& DuBois, R. N. (1998). Modulation of apoptosis
and Bcl-2 expression by prostaglandin E2 in human
colon cancer cells. Cancer Research, 58, 362-366.

Singh, A. K., Sidhu, G. S., Deepa, T., & Maheshwari,
R. K. (1996). Curcumin inhibits the proliferation
and cell cycle progression of human umbilical vein
endothelial cell. Cancer Letters, 107,109-115.

Singletary, K., MacDonald, C., Wallig, M., & Fisher, C.
(1996). Inhibition of 7,12-dimethylbenz[a]anthracene
(DMBA)-induced mammary tumorigenesis and
DMBA-DNA adduct formation by curcumin. Cancer
Letters, 103,137-141.

Suryanarayana, P., Satyanarayana, A., Balakrishna,
N., Kumar, P. U., & Reddy, G. B. (2007). Effect of
turmeric and curcumin on oxidative stress and
antioxidant enzymes in streptozotocin-induced
diabetic rat. Medical Science Monitor, 13, 286-292.

Tanaka, T., Makita, H., Ohnishi, M., Hirose, Y., Wang,
A., Mori, H., et al. (1994). Chemoprevention of
4-nitroquinoline 1-oxide-induced oral carcinogenesis
by dietary curcumin and hesperidin: Comparison
with the protective effect of beta-carotene. Cancer

253

Research, 54,4653-4659.

Tang, F. Y., Chiang, E. P., & Shih, C. J. (2006). Green
tea catechin inhibits ephrin-Al-mediated cell
migration and angiogenesis of human umbilical
vein endothelial cells. The Journal of Nutritional
Biochemistry, 18,391-399.

Tang, T. C.,Poon,R.T., Lau, C. P, Xie,D., & Fan, S. T.
(2005). Tumor cyclooxygenase-2 levels correlate
with tumor invasiveness in human hepatocellular
carcinoma. World Journal of Gastroenterology, 11,
1896-1902.

Thaloor, D., Singh, A. K., Sidhu, G. S., Prasad, P. V,,
Kleinman, H. K., & Maheshwari, R. K. (1998).
Inhibition of angiogenic differentiation of human
umbilical vein endothelial cells by curcumin. Cell
Growth & Differentiation, 9,305-312.

Tomita, M., Kawakami, H., Uchihara, J. N., Okudaira,
T., Masuda, M., Takasu, N., et al. (2006). Curcumin
suppresses constitutive activation of AP-1 by
downregulation of JunD protein in HTLV-1-infected
T-cell lines. Leukemia Research, 30, 313-321.

Tong, R. T., Boucher, Y., Kozin, S. V., Winkler, F.,
Hicklin, D. J., & Jain, R. K. (2004). Vascular
normalization by vascular endothelial growth
factor receptor 2 blockade induces a pressure
gradient across the vasculature and improves drug
penetration in tumors. Cancer Research, 64,3731-3736.

Torimura, T., Sata, M., Ueno, T., Kin, M., Tsuji, R.,
Suzaku, K., et al. (1998). Increased expression of
vascular endothelial growth factor is associated
with tumor progression in hepatocellular carcinoma.
Human Pathology, 29, 986-991.

Tsujii, M., Kawano, S., & DuBois, R. N. (1997).
Cyclooxygenase-2 expression in human colon cancer
cells increases metastatic potential. Proceedings of
the National Academy of Sciences of the United
States of America, 94,3336-3340.

Tsujii, M., Kawano, S., Tsuji, S., Sawaoka, H., Hori, M.,
& DuBois, R. N. (1998). Cyclooxygenase regulates
angiogenesis induced by colon cancer cells. Cell, 93,
705-716.

Vanisree, A.J., & Sudha, N. (2006). Curcumin
combats against cigarette smoke and ethanol-induced
lipid alterations in rat lung and liver. Molecular
and Cellular Biochemistry, 288, 115-123.

Vatanasapt, V., Sriamporn, S., & Vatanasapt, P. (2002).
Cancer control in Thailand. Japanese Journal of
Clinical Oncology, 32, 82-91.



254

Veikkola, T., Karkkainen, M., Claesson-Welsh, L.,
& Alitalo, K. (2000). Regulation of angiogenesis
via vascular endothelial growth factor receptors.
Cancer Research, 60,203-212.

Wu, X. Z., Xie, G. R., & Chen, D. (2007). Hypoxia
and hepatocellular carcinoma: The therapeutic
target for hepatocellular carcinoma. Journal of
Gastroenterology and Hepatology, 22, 1178-1182.

Yamaguchi, R., Yano, H., Nakashima, Y., Ogasawara,
S., Higaki, K., Akiba, J., et al. (2000). Expression
and localization of vascular endothelial growth
factor receptors in human hepatocellular carcinoma
and non-HCC tissues. Oncology Reports, 7, 725-729.

Yoo, Y. G, Oh, S. H., Park, E. S., Cho, H., Lee, N.,
Park, H., et al. (2003). Hepatitis B virus X protein
enhances transcriptional activity of hypoxia-inducible
factor-1alpha through activation of mitogen-activated
protein kinase pathway. Journal of Biological
Chemistry, 278,39076-39084.

Yoysungnoen, P., Wirachwong, P., Bhattarakosol,
P., Niimi, H., & Patumraj, S. (2006). Effects of
curcumin on tumor angiogenesis and biomarkers,
COX-2 and VEGF, in hepatocellular carcinoma
cell-implanted nude mice. Clinical Hemorheology
and Microcirculation, 34, 109-115.

Yoysungnoen, P., Wirachwong, P., Changtam, C.,
Suksamrarn, A., & Patumraj, S. (2008). Anti-cancer
and anti-angiogenic effects of curcumin and
tetrahydrocurcumin on implanted hepatocellular
carcinoma in nude mice. World Journal of
Gastroenterology, 14,2003-2009.

Zhao, Q. T., Yue, S. Q., Cui, Z., Wang, Q., Cui, X.,
Zhai, H. H., et al. (2007). Potential involvement
of the cyclooxygenase-2 pathway in hepatocellular
carcinoma-associated angiogenesis. Life Sciences,
80,484-492.

Zhou, J. R., Gugger, E. T., Tanaka, T., Guo, Y.,
Blackburn, G. L., & Clinton, S. K. (1999). Soybean
phytochemicals inhibit the growth of transplantable
human prostate carcinoma and tumor angiogenesis
inmice. The Journal of Nutrition, 129, 1628-1635.

Naresuan University Journal 2008; 16(3)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




