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Background: Curcumin is an important chemopreventlvg ag:bvagalnst cancer. Recently, it has been reported
that curcumin has also anti-angiogenic effects in tumor.
Objective: This article reviews the effect of eurcumip against tamor angiogenesis from view-points of cancer

microcirculation and biomarkers.

Results and conclusion. We demohstratedafiafiti-angiogenic effect of éircumin in tumors using nude mice. We
mi

studied the inhibitory effects of ¢
our intravital fluorescent observati
tumor.

Keywords: Anti-angiogenic effe

ntumor-induced neocapillaries and proangiogenic factors, based on
i ally, we hypothesized a possible mechanism for curcumin effect in

i0 ?é/cancer curcumln microcireulation, neocapillaries, nude mice.

Cancer is the third major cau
accounting for more than seven
year worldwide. Interestingly, the age-a usted“cancer
mortality rate per 100,000 for Americans i$206.0 for
men and 138.6 for women, where as in Sri tanka
the age-adjusted cancer mortality rate per 100:000 is
29.3 for men and 26.1 for wombn This observation

off morfality;

. 1CUrcum|n
lig deaths'per 2y

Cureumin (diferuloylmethane) is a major yellow
Ac;?ent that has been isolated from the ground
ome of the Curcuma species, Zingiberaceae
mger) family (Fig. 1). There are seven major
Jspe‘t‘,‘les of Curcuma including Curcuma longa
L., C xanthorrhiza Roxb., C. wenyujin, C.

has engendered much researefactivity aimed at
the identification of anti-canter agent, especially
substances derived from the dleth [1]. Turmeric, the
dried ground rhizome of the perennlal herb Curcuma
longa L., is one example of such an agent. Turmeric
contains curcuminoids.andlessential  oils; Recently;
curcumin has been consideréda potentially important
chemopreventive agent' against several types of
cancers [2]. The possible explanation for this finding
is that curcumip can/inhibit tuinerangiogenesis which
is the essential process for ‘every‘tumor.

This article reviews the chemical and
pharmacological properties of curcumin in brief.
Special emphasis is put on its potential cancer
therapeutic activity, in particular, from the view-points
of cancer microcirculation and biomarkers. For
abbreviations, see the last section in the text.
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sichuanensis;"Ci kwangsiensis; C. aeruginosa
Roxb., and Cﬁéta Roxb. [3]. Curcuma longa L. or
turmeric is a tropical plant native to southern and
southeastern tropical Asia. It has been widely used
as a spice and colouring agent in several foods,
such as curry, mustard, bean cake, and cassava
paste; as<well as in Cosmetics and drugs. Actually,
the substances that are responsible for the yellow
color ‘ef*turmeric, is called “curcuminoids”. Three
major compasitions of curcuminoids are curcumin,
demethoxycurcumin, and bisdemethoxycurcumin
(Fig. 2). Curcuminoids were first described by Vogel
and Pellatier, and was shown to be diferuloylmethane
(C,,H,,0,) in 1910 [4, 5].

Curcuma longa has the highest concentration of
curcumin as compared to the other species. Among
the three components, curcumin was referred as
the most active component in turmeric since its
concentration is the highest one. It may represent up
to 2-5 % of the total spice in turmeric.
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Fig. 2 Three major compositions of curc:'jlinoids_qre curcumi mi#, and bisdemethoxycurcumin.

Curcumin has been demonstrated to havesseveral

f

Curcamin and its anti-inflammatory activity

pharmacological propertlesﬁ uﬂ /Ia)bﬂ EJ ﬂ ﬁ mﬂﬂﬁrﬂﬂgoperw of turmeric and
Recent phase | clinical tri at in matory property which

can tolerate a dose as high asl8 In the

g/day [6].

U.S., curcumin is used as a colorin agent in cheese
spices, mustard, cer ﬁm ﬂ)rﬂ %J;fu g %’}@cm
ice creams, and yogurts

Curcumin and its potent antioxidant activity

From the reviews, curcumin contains more potent
superoxide anion scavenging activity than the
other components; demethoxycurcumin, and
bisdemethoxycurcumin. Moreover, curcumin which is
a fat-soluble phenolic-compound has been shown to
be eight times more powerful than vitamin E in
preventing lipid peroxidation [37]. As shown in
Fig. 3, Para-hydroxyl groups [OH] are believed to
be responsible for curcumin antioxidant property.

is comparable in strength to steroidal drugs and
nonsteroidal‘@fti- mflammato AIDs)drugs such
ne [38, 39].

ic rtlcipateinthe

synthesis of mflammatory substances in the body
derived from arachidonic acid. Arachidonic acid is a
compound metabolized in the body to yield important
hormone-like substances which play major roles
in the process of inflammation. Arachidonic acid
can be converted by the action of the enzyme
cyclooxygenase to prostaglandins (PG) and
thromboxanes (TX), and by action of the enzyme
lipoxygenase to hydroxyeicosatetraenoic acids
(HETE) and leukotrienes (LT). Some of the
prostaglandins like PGE,and PGI, dilate blood vessels,
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Table 1. Therapeutic potential of Curcumin.

Potent antioxidant Kunchandy E, Rao MNA (1990) [7]; Subramanian M et al. (1994) [8],
Sreejayan Rao MN (1994) [9], Rushworth S (2006) [10]

Huang M-T et al. (1988, 1991, 1997) [11-13], Shihand Lin (1993) [14]

Conney etal. (1991) [15]

Huang MT etal. (1992, 1994, 1995) [16-18], Rao CV et al. (1995) [19]

Ghoneim AH et al. (2002) [20], Sreejayan Rao MNA (1994) [9],

Soni KB et al. (1992) [21], Shoba G et al. (1998) [22]

Frautschy.'SA etal. (2001) [23], Lim GP et al. (2001) [24]

Anti-inflammation
Carcinogen-DNA adduct inhibitor
Tumorigenesis

Cardiovascular disease

Alzheimer disease

Diabetes Sajithlal G f (1998) [25], Babu PS et al. (1995) [26],
Patumraj $ al’i 6) [27]

Nephrotoxicity \enkatesan N\ aL-(‘I§9_9) [28]; Ali BH et al. (2005) [29]

Cataract - AwasthipS et al(1998) [30]

Would healing www.freepatentsenline.com

HIV Vajragfpta Oetal. (2005)[31] LaCollaP (1998) [32]

Anti-angiogenesis Adamd §BK etal (2004) [33], Patumraj S et al. (2005) [34]

Yoysungnoen Petal. (2005, 2006) [35, 36]

A 4 P

HO o CH= 6~ Q= cH OH

Fig.3 Curcumin, polyphenolL_Qbmpound has two molecules of ferric acids’(apd carbonyl groups which are called

“diferuloylmethane”
and double bonds.

h
while certain leukotrienes; LTB LTC, and LTD,
increase vessel permeability resultmg in tlssue swelli mg,
which characterizes inflammation. Increased'ievels
of some prostaglandins_like"PGE; préduce redness,
swelling and pain at the“inflamed part of the body.

There are two.isoforms of cyclooxygenase
(COX) enzymes, natnely COX*1 and COX-2. COX-
1 is constitutively expressed in many tissues ‘and"is
considered to be involved in various physiological
functions, whereas COX-2 is induced by pathological
stimuli, such as inflammation, various growth factors
and cytokines produced by tumor cells[40, 41].

As shown in Fig. 3, keto groups and double bonds
are believed to have the responsibility for curcumin
anti-inflammatory properties. By using the chronic
inflammation rat-model, Banerjee et al. (2003) showed
that curcumin could reduce the increased levels of
tumor necrosis factor-alpha and interleukin-1f3 [42].

(Cﬁ ,,0,) . This figure demonstrates the Iocatl_gns of hydroxyl groups, keto group,

—

Recently, by Tfsing adjuvant arthritis model mice,
Tohda and his co-workers studied the inhibitory
effects ‘'of Curcuma extracts on in vitro enzymatic
activitiessmeasured against COX-2 and COX-1 [43].
The methanol extract of Curcuma phaeocaulis
(CB, 500 .ug/ml), significantly inhibited COX-2
activity (inhibition rate: 24.4 %). However, Curcuma
longa L. (CL, 500 wg/ml) extract demonstrated no
significant inhibition. For COX-1, both CP and CL
extracts showed inhibitory activity, and the inhibition
rate with the CP extract was the most remarkable
(inhibition rate: 38.4 %). Indomethacin, a COX
inhibitor, inhibited COX-2 (inhibition rate: 45.5 %
inhibition at 100 uM) and COX-1 (inhibition rate:
37.2 % at 100 uM) activities dose dependently.
The inhibitory efficacy of COX-2 with the methanol
extract of CP was weaker than that of 100 uM
indomethacin [43].
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Curcumin and its cancer preventing activity
Turmeric extract and curcumin were also found
to be cancer preventing compounds in different tumor
models. Recently, curcumin has been considered a
potentially important chemopreventive agent against
cancer [42 44]. Animal studies have demonstrated
that curcumin inhibits carcinogenesis in various sites,
including skin [12], colorecum [17, 18], mouth [41],
forestomach [17, 44] and breasts [45, 46]. The genetic
changes in carcinogenesis in these organs involve
different genes, but curcumin is effective in preventing

carcinogenesis in several organs. Since angigg'é'neeis ;

(blood vessel formation) is essential for tu

and metastasis, it has been suggested th
can inhibit several cancers through its potenii
as anti-angiogenic agent. 7/

There are different active sites within 1

Moreover, through its unique chemical
multi-purposed actions of curcumin c
simultaneously or/and sequentially. At thi
be worth to note that the actions of cur

Cytokines
IL-s, TNFa,iNOS
Macrophages4 ==
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anti-tumor, anti-oxidant and anti-inflammation might
have “cross-talk” through their signalling pathways as
shown in Fig. 4.

Anti-angiogenic effects of curcumin

Normally, the process of angiogenesis occurs as
an orderly series of events: (http://www.angio.org/
understanding/understanding.html)
Diseased or injured tissues produce and release

2. ic growth factors bind to specific
reteptois locaied.on endothelial cells (EC) of nearby

preexisting bloed.vessels

‘31 Once growth factors bind to their receptors, the

endothelial cells become activated. Signals are sent

from the cell’s surface to the nucleus. The endothelial
-4 cell’'s machinery begins to produce new molecules
" =including enzymes

Pro-angiogenic
Growth factors

<
Anti-inflammation

Anti-tumor-angiogenesis

Anti- oxidant

Fig. 4 Cell signalling pathways proposed for curcumin actions, including anti-tumor (phosphatidylinositol 3-kinase-
Akt pathway [47], anti-oxidant (PKC-Nrf2-HO-1) [10], and anti-inflammation (3-kinase-Akt-NF-k(3-AP-1) [48].
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and they migrate out through the dissolved holes of
the existing vessel towards the diseased tissue (tumor)
6. Specialized molecules called adhesion molecules,
or integrins (avb3, avb5) serve as grappling hooks to
help pull the sprouting new blood vessel forward

7. Additional enzymes (matrix metalloproteinases or
MMP) are produced to dissolve the tissue in front of
the sprouting vessel tip in order to accommodate it.
As the vessel extends, the tissue is remolded around
the vessel

8. Sprouting endothelial cells roll up to form & blood
vessel tube

9. Individual blood vessel tubes conneci to form'

blood vessel loops that can circulaie bleod u
10. Finally, newly formed blood vessel iu
stabilized by specialized muscle ceﬂfsﬁs’ére
cells, pericytes) that provide struct
flow then begins.
Several possible mechanisms g

for its ability to inhibit the proli
endothelial cells with or without
bFGF, a potent angiogenic factor. They assayfeg' {he
ability of curcumin to inhibit prolifération-of an
immortalized endothelial cell line, and to inhiliit phorbol
ester-stimulated VEGF mRNA production.-The
capacity of curcumin to inhibit bFGF-indticed corneal
neovascularization in the-mouse cornea was
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COX-2 gene had deficient production of VEGF by
fibroblasts and treatment of wild-type fibroblasts with
selective COX-2 inhibitor suppressed VEGF
production. Over expression of COX-2 in colon cancer
cells induced expression of VEGF and other
angiogenic factors and this effect was inhibited
by the COX-2-specific antagonist NS-398 [64].
Consistent with these findings, prostaglandins
enhanced VEGF production in many different cells
5] COX-2 is also involved in the regulation of
-induced vascular permeability and endothelial
cellp'f"' liferation [66, 67].
+hemolecular mechanism responsible for PGE,-
induced colorectal cancer cell migration and invasion
is known to involve an epidermal growth factor
receptor (EGFR)—phosphatidylinositol 3-kinase—Akt
pathway [48]. However, the mechanisms by which
. PGE, modulatesapoptosis are still largely unknown.
"One potentlal mechanismwith regard to its regulation

f

6 E of programmed cell death is that PGE, reduces

the basal apoptotic rate by increasing the level of

‘*'{ antiapoptotic proteins such as BCL-2 [68] or other

~ ‘membersof the BCL gene family, such as MCL-1. In
+ addition, COX-independenteffects of NSAID-induced
':apg tosiS have also been reported [69]. In general,
-2-derived PGE, suppresses immunosurveillance
‘down-regulating T and B cell proliferation, cytotoxic
“"acti'mty of.natural Killer cells, and cytokines such as
IL-12 and tumq"_? necrosis factor [69].

investigated. It was found that curcumin inhibited
bFGF-induced proliferation of endothelial cells in vitro
and angiogenesis in vivo. Thus, the ability of curcumin
in inhibiting carcinogenesis in several organs may be
mediated in part through angiogenésis inhibition.
Although the exact mechanisms af action of cureunin
remain to be elucidated, the inhibitory ‘effects of
curcumin on tumor angiogenesis may be mediated
through two major, biomarkers COX-2 and VEGF,

Cyclooxygenase-2:"COX=2

One of the mechanisms by which COX-2 supports
tumor growth is by inducing the angiogenesis
necessary to supply oxygen and nutrients to
tumors >2 mm in diameter [50, 51]. Current evidence
indicates that COX-2 promotes tumor-specific
angiogenesis [52-54], inhibits apoptosis [55, 56], and
induces proangiogenic agents such as VEGF [57, 58],
inducible nitric oxide synthase (iNOS) promoter [59],
IL-6 [60], IL-8 [61], and Tie-2 [62]. Williams et al.
(2000) [63] demonstrated that mice lacking the

Vascular endothelial growth factor (VEGF)
VEGF has received attention as a target for
therapeutic angiogenesis [70]. There is a correlation
between tumors with higher densities of blood
vesselsiand metastasis and poorer clinical outcome.
Expressions of VEGF, as well as bFGF and PDGF,
are associated with tumor growth, angiogenesis,
and, metastasis_[70,.71].-The expression of VEGF
correlates both temporally.and-spatially with the onset
of neovascularization [70]. Elevations in VEGF levels
have been detected in the serum of some cancer
patients [72], and a correlation has been observed
between VEGF expression and microvascular density
in primary breast cancer sections [73]. A postoperative
survey indicated that the relapse-free survival rate
of patients with VEGF-poor tumors, suggesting that
VEGF expression is associated with stimulation of
angiogenesis and with early relapse in primary breast
cancer. Moreover, there is compelling evidence that
circulating VEGF levels are of prognostic significance
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in a variety of tumor types [74-80]. 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 [81, 82]. These results
are consistent with the hypothesis that angiogenesis
is necessary for tumor growth, and that VEGF is a
potent stimulator of the angiogenic response.

Taken together, these results indicated that both
COX-2 and VEGF are crucial biomarkers for tumor
angiogenesis.

How curcumin produces its anti-angiggenic
effects

How curcumin produces its anti-ang@/ SisAiS
not fully understood, but it is believed tha#€urgdmin

vascular endothelial growth factor (
cyclooxygenase-2 (COX-2).

By using intravital fluorescence video
the angiogenic process of inocul
hepatocellular carcinoma cell lines (HepG2jobtained
from theAmerican Type Culture Collection (A CC))

of mlcrovascular network of the skin-fold of nude mfce
as follows: 1) Three days after implantation, the -

characteristics of inflammatory processes, mcludrng x

arteriolar dilatation, tortuosity and hypérpermeability
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correlated with tumor neogenesis. The more COX-2
expression, the more neocapillary density was obtained
(r’=0.9607, p<0.01) [36]. This finding, therefore,
suggests that the over expression of COX-2 is
functionally significant for tumor angiogenesis. In
particular, during the initiation state of the angiogenic
switch (day 3 in our findings), we thought that
COX-2-derived PGE, was responsible for what we
have abserved as shown in Fig. 5 including arteriolar
dilatationy tortuosity and hyperpermeability with
extravasations of fluorescence tracer from the host
existing Iierovessels.

« Interestinglysour findings have indicated that the
hlgh dose of eurcumin (3,000 mg/kgBW) could inhibit
tumor neovaseularization observed on day 7 and day
14 post- noculation significantly (Figs. 8A-D).
Importantly, this inhibition effect of curcumin on tumor

-, -angiogenesis has beenwell correlated by its effect on
'CO‘X 2 and VEGE inhibition (Figs. 7a, 7b). Even

~tholic gh the relationship between these inhibition effect.
Of urCumln on tumor angiogenesis W|th VEGF-

s corr"e1a't|0n but curcumin was still able to suppress

- the expression of VEGF significantly with dose-
depénﬂe@t anner (p<0.001).

In'this study, anti-angiogenic activity of curcumin
shongr"that curcumin inhibited COX-2 expression
and VVEGF production, It is likely that COX-2 is an
upstream lmportant%ﬁdlator of the angiogenic

with extravasations of fluorescence j.acer from the
host existing microvessels, were obsenved (Fig. 5).
2) Percentage changes of tissue perfusion on day 7
and day 14 in HepG2 groups were significantly
increased (43.2+9.5%and 53.9 _ 5.6 %, respectively).
3) On day 7, at the early stageof tumorangiogenesis
onset, tumor neocapillaries were obiserved, ifi'which
the mother-host vessels underwent endothelial cell
sprouting. Some of.the proliferating neovessels
appeared ready to migrate ‘out, appreaching toj the
tumor area (Fig. 6). 4) In HepG2 groups, the capiflary
density increased from 51.7+4.3 % (on day 7) to
69.2 £ 2.4 % (on day 14).

In our study, the Western blot and Enzyme
Immunoassay (EIA) for COX-2 and Serum VEGF
data demonstrated that COX-2 and VEGF
strongly expressed on day 3 and 7, respectively,
in HepG2 group and maintained throughout the
experimental period (Figs. 7.a, 7.b). Moreover, the
linear regression line of Y=22850x+23699 also implied
that the expression of COX-2 was significantly

pathway. COX-2 an’d)VEGF may co-modulate
angiogenesis in different pathways. The activity of
curcumin in inhibiting angiogenesis may be mediated
in part through reduction of angiogenic stimulators or
biomatker production according to the mechanism
proposed above (Fig. 4).

The diagram shown in‘Fig. 9 is the proposed
mechanism that we hypothesize [83]. The idea is that
once a tumor-grows to a certain size, the cells in the
centerare too far removed from'existing blood vessels
to receive 'the necessary nutrients for cell survival.
Then the condition of “hypoxia”, lack of oxygen,
occurs. The hypoxic tumor cells then were stimulated
and produced VEGF through the recruitment of the
AP-1 factor, the essential elements for VEGF gene
expression, on the VEGF promoter region via a direct
phosphorylation of hypoxia-inducible factor-la
(HIF-100). Hypoxia induces VEGF expression via HIF-
1/AP-1 pathway represent the “noninflammatory
process”. In addition, hypoxia could influence many
other transcriptional pathways, such as those mediated
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by fos and jun [84] and NF-kB [85] which is the
essential transcription factor for COX-2 gene
expression. COX-2 is an immediate early response
gene that can be induced by direct hypoxia and a
variety of cytokines and growth factors [86, 87].
However, COX-2 expressed via the inflammatory cells
in the tumor microenvironment is also involved in the
regulation of the angiogenic process. Inflammatory

cells, particularly macrophage are important sourc
of pro-angiogenic factors like VEGF and CC /

nt (PKC-Nrf2-HO-1), and anti-inflammation
e-Akt-NF-KB-AP-1) might explain our
r curcumin. However, further study is

ownql' mquiﬂdiﬁﬁonflrm that the anti-angiogenic effect of

These tumor-associated macrophages in t
increased levels of VEGF [48, 88]
PGE, could suppress immunosurvei
regulatlng T and B cell prolif
enhanced expression of VEGF. The

ved
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both VEGF and COX-2 expression in HepG2-
implanted nude mice may be responsible for switching
and maintaining tumor angiogenesis. In other words,
both COX-2 and VEGF may co-modulate tumor
angiogenesis.

As shown in Fig. 4, the significance of curcumin
multi-molecular targets mediated through those
cell signalling pathways including: anti-tumor
(phosphaﬂdylmosﬁol 3-kinase-Akt pathway, anti-

edlated through these cell signaling

100um

TNEANI

‘ﬂ-"t
ﬂ??ﬂﬂﬁaﬂ g

L2 *
LTS \a

Fig. 6 The mother-host vessels underwent endothelial cell sprouting (a). Some of the proliferating neovessels appeared
already to migrate out, approaching to the tumor area (b). Bar, 100 um [34].
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0.15
B HepGl HepG2-om300

B HepG2-curd,000

0.1 1

o

COX-2 protein levels
fugflug of total proten

7 %

' 14

Z
3

Thafdayé after webicle or surcumm treatment
Fig. 7a Comparisons of COX-2 protein levels by using.image an, lysis (Global Lab il software) measurement in 3, 7,
and 14 days HepG2 group with andWwitheut eurcumin treatment (means+SEM). *P<0.05 significantly different
compared to 3 days HepG2. "P<0.001 significantly different eompared {0 3 days HepG2. *P<0.005 significantly
different compared to 7 days HepG2:*P<0.01 significantly different compared to 14 days HepG2; "P<0.001
significantly different compared to 14 days HepG2§36]. /.,

‘4

a0 -
O Con W Hepiod oy A
70 : g

@ HepG2-our300 = B HepGo-our 000
60 LY

*!+

50 1

40 -

30 1

20 1

10 1

0 T

Days after vehicle or curcumin treatment

Fig. 7b  Serum VEGF (ng/ml) of control and HepG2 groups after 3, 7 and 14 days with and without curcumin treatment
(means + SEM, all n=5). "P< 0.001 significantly different compared to 7 days Con. *P<0.001 significantly different
compared to 3 days HepG2. #P<0.001 significantly different compared to 7 days HepG2.2P< 0.001 significantly
different compared to 14 days Con.?P< 0.01 significantly different compared to 14 days HepG2. °P<0.001 significantly
different compared to 14 days HepG2. 9P< 0.01 significantly different compared to 14 days HepG2-cur300 [36].
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tumor cells without an@ with trea

Fig. 8 (A-D) Fluorescence video;a e
r, 100 um [35].

3,000 groups (C, D).

Conclusion

1d 14 days (B,D) after the implantation of
000 mg/kgBW) for HepG2 (A, B) and HepG2-cur

s LU N TS,

chemotherapeutic activity of curcumin. By usmg
intravital fluorescent videomicroscopic techniqu & the
e A RNt
We hypothesi

inhibiting théd expression of two important
proangiogenic factors, VEGF and COX-2.
Importantly, the inhibition effect of curcumin on
tumor-induced neovascularization was well correlated
with its effect on COX-2 and VEGF inhibition.
Therefore, these observations indicate that the anti-
angiogenic effect of curcumin seems to be promising
for future clinical utility.

ol VELu

ATCC=American Type Culture Collection,

OX:ﬂycIooinnase o/

), )
EGFR=Epidermal growth factor receptor,
HETE=Hydroxyeicosatetraenoic acids,
HIF-1a=Hypoxia-inducible factor-1o
HepG2=Human hepatocellular carcinoma cell,
HO-1=Heme oxygenase-1,
iNOS=Inducible nitric oxide synthase,
LT=Leukotrienes,

MMP=Matrix metalloproteinases,
PG=Prostaglandins,

TX=Thromboxanes,

VEGF=Vascular endothelial growth factor.
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Fig. 9 The diagram demonstrates the mechanisms f¢ curcumm onJ
behave as co-modulators for tumor angiogenesis thmﬂ*gh in
flagamation was;
initiated ceIIs possibly by providing them with'proliferatin
VEGF expression via HIF-1/AP-1 pathway rep ﬁgnt the Wmatory process. Consequently, this non-
r cells will iriduce matrix me p oteinasiIM ) expression in endothelial cells,

on, tube formation and fmall tumo

S. Patumraj,

P. Yoysungneon

COX-2 : Cyclooxygenase — 2
VEGF : Vascular endothelial growth factor

EC receptor.bi

derived PGE, acted as a key mediator o

inflammatory factor, VEGF, in tu
leading to endothelial cell proliferati
both major tumor-biomarkers, VEC
tumor proliferation, respectively [

Acknowledgements

Wirachwong for her kind
hepatocellular carcinoma ce Is
Prof. A. Suksamrarn (Dept. of

We like to express our sincer thank to'DeRorntip

emistry, Faculty of

Science, Ramkhu
Thailand) for hiskin

SRR

University, Bangkok,

ailand
The authors have no conflict of interest to declare.

References

1

Sharma RA, Manson MM, Gescher A, Steward WP.
Colorectal cancer chemoprevention biochemical targets
and clinical development of promising agents. Eur J
Cancer. 2001;37:12-2.

Kelloff GJ, Hawk ET, Karp JE, Crowell JA, Boone CW,
Steele VE, etal. Progress in clinical chemoprevention.

Proangiogenic EC EC EC Tube
factors released activate proliferate remodeling formation
CUR 4 vecr alpl, a2l  W_d smcells
k\:iIMM uvow&interin pericytes
0

')

el
|

o

Inhibitory effects
A\ of curcumin
iﬁng tumor-angiogensis. Both COX-2 and VEGF
ation and non-inflammation processes. COX-2-
ed as a key regulator in promotion of these
nd by preventing apoptosis. Hypoxia induces

. Because curcumin can inhibit
couid inhibit tumor angiogenesis and

Semin Oncol. 1997;24: 41-252.
3. Chieh CM, Fang HC. Chemical analysis of the active

m% EJ ﬂ ﬁéﬁtmm ﬁles In: Modern Treatise
rba s\ol. 111. Sung CY, Chou

DW, Fung CJ, Zhao HM, eds. Beijing:Institute of

Curcumin derived from turmeric (Curcuma longa): a
spice for all seasons. In: Phytopharmaceuticals in
Cancer Chemoprevention. Preuss H, ed. Boca Raton:
CRC Press. 2005; p. 349-87.

5 Aggarwal BB, Kumar A, Bharti C. Anticancer
potential of curcumin: preclinical and clinical studies.
Anticancer Res. 2003;23:363-98.

6. Cheng AL, Hsu CH, Lin JK, Hsu MM, Ho YF, Shen
TS, et al. Phase | clinical trial of curcumin a
chemopreventive agent in patients with high-risk or



\Vol. 1 No. 3

October 2007

10.

11.

12,

13.

14.

15.

16.

17.

18.

pre-malignant lesions. Anticancer Res. 2001;21 (4B):
2895-900.

Kunchandy E, Rao MNA. Oxygen radical scavenging
activity of curcumin. Int J Pharm. 1990;38:239-40.
Subramanian M, Sreejayan Rao MNA, Devasagyam
TPA, Singh BB. Diminution of singlet oxygen-
induced DNA-damage by curcumin and related
antioxidants. Mutat Res. 1994;311:249-55.

Sreejayan Rao MN. Curcuminoids as potent
inhibitors of lipid peroxidation. J Indian Physiol
Pharmacol. 1994,46:1013-6.

Rushworth SA, Ogborne RM, Charalambos CA,
O’Connell MA. Role of protein.kinase-C-delta in'
curcumin-induced antioxidant respense element
mediated gene expression inyaf(' ‘bcyteJ
Biochem Biophysic Res Communi. 2006;34 1:1007-16.
Huang MT, Smart RC, Won
Inhibitory effect of curcumin,
aC|d and ferulic acid on tumor

Res. 1988;48:5941-6.
Huang MT, Lysz T, Ferraro T,
Conney AH. Inhibitory effects of
lipoxygenase and cyclooxygenaseacti
epidermis. Cancer Res.1991;51:813-9.
Huang MT, Ma W, Yen P, Xie JG, Han J, #renkel K,
Grunberger D, Conney AH. Inh|b|t0ry effects of
topical application of low doges of curcamin on’TPA-
induced tumor promotion an @_d_-bXIdlzed DNA bases in

ies in mouse

Curcumin as a therapeutic agent against cancer

19.

20.

I
..l"

22,

TR

-m".‘

.-,"-524\1

2T

—n

-
e

—zsf.

249

Carcinogenesis. 1995;16:2493-7.

Rao CV, Rivenson A, Simi B, Zang E, Kelloff G, Steele
VE, et al. Chemoprevention of colon carcinogenesis
by dietary curcumin a naturally occurring plant
phenolic compound. Cancer Res.1995;55:259-66.
Ghoneim Al, Abdel-Naim AB, Khalifa AE, El-Denshary
ES. Protective effects of curcumin against is chemic-
reperfusion insult in rat forebrain. Pharmacol Res.
2002;46:273-9.

/ /Soni KB, Kuttan R. Effects of curcumin administration

o

serum peroxides and cholesterol levels in human
vbir'n.teers Indian J Physiol Pharmacol. 1992;36:
2735

Shoba G, Joy D, Joseph T, Majeed M, Rajendran R,
Srinivas PS. Influence of piperine on the pharma-
cokinetics of curcumin in animals and human
volunteers. Planta Med. 1998;64:353-6.

. Frautsehy SA, Hu W, Kim P, Miller SA, Chu T,

Harris-White ME, et al. Phenolic anti-inflammatory

antioxidant reversal of Abets-induced cognitive

deficits and neuropathology. Neurobiol Aging. 2001;

22:993-1005.

Lim GP, Yang F, Chu T, Chen P, Beech W, Teter B, et al.

The curry spice curcumin reduces oxidative damage
nd amyloid pathology in an Alzheimer transgenic

~ mouse. J Neurosci. 2001;21:8370-7.

Sajlthlal GB, Chithra P, Chandrakasan G. Effect of

“curcumin on;he advanced glycation and cross-linking

of collagen indiabetic rats. Biochem Pharmacol. 1998;

mouse epidermis. Carcinog@?is. 1997;18:83-8.

Shih CA, Lin J. K. Inhibition of 8-hydroxydeoxyguano-
sine formation by curcumin in‘mouse fibroblast cells:
Carcinogenesis. 1993;14:709-12.

Conney AH, Lysz T, Ferraro T, Abidi*TF, Manchand
PS, Laskin JD, HuangM T Inhibitory effect of curcumin
and some related ‘dietary: compoulnds on ‘tumor
promotion and arachidenic acid metabolism in mouse
skin. Adv Enzyme.Regul. 1991;31:385-89.

Huang M<J, Wang ZY, Georgiadis CA, Laskin JD,
Conney AH - Inhibitory effect of curcumin on tumor
initiation by benzo[a] pyrene and 7,12-dimethyl-
benz[a] anthracene. Carcinogenesis. 1992;13:2183-6.
Huang M-T, Lou Y-R, MaW, Newmark HL, Reuhl KR,
Conney AH. Inhibitory effects of dietary curcumin
on forestomach duodenal and colon carcinogenesis
in mice. Cancer Res. 1994;54:5841-7.

Huang M-T, Ma W, Lu Y-P, Chang RL, Fisher C,
Manchand PS, et al. Effect of curcumin, demethoxy-
curcumin, bisdemethoxy-curcumin, and tetrahydro-
curcumin on TPA-induced tumor promotion.

26.

28.

29.

56:1607-14. :_ y

Babu PS, Stinivasan K. Influence of dietary curcumin
and cholesterol on the progression of experimentally
induced diabetes in albino rat. Mol Cell Biochem. 1995;
152:13-21.

Patumraj S, | Wongeakin N, Sridulyakul P,
Jariyapongskul’A, *Futrakul N, Bunnag S. Combined
effects of curcumin and vitamin C to protect endothelial
dysfunction in the.iris tissue of STZ-induced diabetic
rats, Clin Hemorheol Microcirc, 2006;35:481-9.
Venkatesan™N, Punithavathin D, Arumugam V.
Curcumin prevents adriamycinnephrotoxicity in rats.
Br JPharmacology. 2000;129:231-4.

Ali BH, Al-Wabel N, Mahmoud O, Mousa HM,
Hashad M. Curcumin has a palliative action on
gentamicin-induced nephrotoxicity in rats.
Fundam Clin Pharmacol. 2005;19:473-7.

Awasthi S, Srivatava SK, Piper JT, Singhal SS,
Chaubey M, Awasthi YC. Curcumin protects against
4-hydroxy-2-trans-nonenal-induced cataract formation
inrat lenses Am J Clin Nutr.1996;64:761-6



250

3L

32.

33.

35.

36.

37.

38.

30.

41.

42.

S. Patumraj, P. Yoysungneon

Vajragupta O, Boonchoong P, Morris GM, Olson AJ.
Active site binding modes of curcumin in HIV-1
protease and integrase. Bioorg Med Chem Lett. 2005;
15:3364-8.

La Colla P, Tramontano E, Musiu C, Marongiu M,
Novellino E, Greco G et al. Curcumin-like derivatives
with potent activity against HIV-1 integrase synthesis
biological evaluation and molecular modelling.
Antiviral Res. 1998;37:57.

Adams BK, Ferstl EM, Davis MC, Herold M, Kurtkaya
S, Camalier RF, et al. Synthesis and biological
evaluation of novel curcumin analogs as anti-cancer
and anti-angiogenesis agents. Bioorg Med Cheimistry.
2004;12:3871-83. p—

Patumraj S, Yoysungnoen P, Kachonrat el ,
Wirachwong P. Tumor neocapillar‘ﬁeam’H

hepatocellular carcinoma cells implant

-—

Niimi H, Patumraj S. Antiangiog
curcumin in Hepatocellular carcinoma cel

4 I
A

Niimi H, Patumraj S. Effects of curcumi
angiogenesis and biomarkers COX-2 and =
hepatocellular carcinoma cell-implanted nude rm'i:g_
Clin Hemorheol Microcirc. 2006;34:109-15. : j_

Reddy ACP, Lokesh BR. Studies on, spice prin'cfip‘lés"
as antioxidants in the inhibition of lipid peroxidation

&

¥
-F

43,

44,

45,

4in AA
ice

48.

Tohda C, Nakayama N, Hatanaka F, Komatsu K.
Comparison of anti-inflammatory activities of six
Curcuma Rhizomes: a possible Curcuminoid-
independent pathway mediated by Curcuma
phaeocaulis extract. Evid Based Complement Alternat
Med. 2006;3:255-60.

Singh SV, Hu X, Srivastava SK, Singh M, Xia H,
Orchard JL, et al. Mechanism of inhibition of benzo
‘pyrene-induced forestomach cancer in mice by dietary
cf';ytl in. Carcinogenesis. 1998;19:1357-60.

S ngg.afy K, MacDonald C, lovinelli M, Fisher C,
Wallrig-Nf'Eftect of the B-diketones diferuloyl methane

« (curcumin)-and dibenzoylmethane on rat mammary

DNA adducts and tumors induced by 7,12-
dimethylbenz [a]anthracene. Carcinogenesis.1998;19:
1039-43.

. Pereira MA, Grubbs CJ, Barnes LH, LiH, Olson G, Eto
1 Loet al. Effects of the phytochemicals curcumin and
~ quercetin upon azoxymethane-induced colon cancer
-5ng_ 7,12-dimethylbenz[a]anthracene-induced
:Bpammary cancer in rats. Carcinogenesis. 1996;17:
“4805-11.

! ’Bt;ttfénan FG, Wang D, Bargiacchi F, DuBois RN.

‘ﬁpﬂaglandin E2 regulates cell migration via the
m]sfae;e aular activation of the epidermal growth factor
receptor. J Biol Chem. 2003; 278:35451-517.

VﬁgDﬂ DuBois RN. Cyclooxygenase 2-derived
prostaglandin E, regulates the angiogenic switch.
Proc Natl Acad Sci ng. 2004;101:415-6.

of rat liver microsomes. Mol Cell Bj'(pjem. 1992;111:
117-24. -
Ghatak N, Basu N. Sodium curcuminate as an effective
anti-inflammatory agent. Indian J Exp Biol. 1972;10:
235.

Srimal RC, Dhawan BN. Pharmacolagical and/clinical
studies on Curcuma Longa'Hamard. New Delhi:Natl
Found Monograph India. 1985;Section 3B (ii):131-8.
Kelloff GJ, Hawk ET, Karp JE, Crowell JA, Boone CW,
Steele VE, et al. Pragressin clinicalchemoprevention.
Semin. Oncol. 1997;24:241-52.

Tanaka T, Makita H, Ohnishi M, Hirose Y, Wang A,
Sato K, et al. Chemoprevention of 4- nitroquinoline 1-
oxide-induced oral carcinogenesis by dietary curcumin
and hesperidin comparison with the protective effect
of beta-carotene. Cancer Res.1994;54:4653-9.
Banerjee M, Tripathi LM, Srivastava VM, Puri A,
Shukla R. Modulation of inflammatory mediators by
ibuprofen and curcumin treatment during chronic
inflammation in rat. Immunopharmacol Immunotoxicol.
2003;25:213-24.

49.

51

52,

53.

Arbiser JL, Klaubg_ N, Rohan R, van Leeuwen R,
Huang MT, Fisher C, et al. Curcumin is an in vivo
inhibitor of angiogenesis. Mol Med. 1998;4:376-83.
Form DM, Auerbach R. PGE, and angiogenesis. Proc
SocExperim Biol Med. 1983;172:214-8.

Hanahan D, Folkman"J; Patterns and emerging
mechanisms of'thelangiogeni switch during
tumorigenesis. Cell. 1996;86:353-64.

L eahy KM; Ornberg RL, Wang.Y;Zweifel BS, Koki AT,
Masferrer JL. Cyelooxygenase=2 inhibition by
celecoxib reduces proliferation andinduces apoptosis
in angiogenic endothelia cells in vivo. Cancer Res.
2002;62:2343-6.

Masferrer JL, Leahy KM, Koki AT, Zweifel BS, Settle
SL, Woerner BM, et al. Antiangiogenic and antitumor
activities of cyclooxygenase-2 inhibitors. Cancer Res.
2000; 60:1306-11.

Liu XH, Kirschenbaum A, Yao S, Lee R, Holland JF,
Levine AC. Inhibition of cyclooxygenase-2 suppresses
angiogenesis and the growth of prostate cancer in
vivo. J Urol. 2000;164:820-25.



\Vol. 1 No. 3

October 2007

55.

56.

57.

59.

61.

62.

65.

66.

67.

Souza RF, Shewmake K, Beer DG, Cryer B, Spechler
SJ. Selective inhibition of cyclooxygenase-2
suppresses growth and induces apotosis in human
esophageal adenocarcinoma cells. Cancer Res. 2000;
60:5767-72.

Tsujii M, DuBois RN. Alteration in cellular adhesion
and apoptosis in epithelial cells overexpressing
prostaglandin endoperoxide synthase 2. Cell. 1995;
83:493-501.

Shweiki D, Itin A, Soffer D, Keshet, E. Vascular
endothelial growth factor induced by hypoxia may
mediate hypoxia-initiated angiogenesis. Nature 1992;
359:843-5. -
Liu Y, Cox SR, Morita T, Kourembanas o HypOX|
regulates vascular endothella;j;?uﬂff or genj
expression in endothelial celis® Circ Res.1995;77:
638-45.

Mellilo G, Musso T, SicaA, Ta
L. A hypoxia-responsive eleme
pathway of activation of the
synthase promoter. J Exp Med. 199
Yan SF, Tritto I, Pinsky D, Liao
et al. Induction of interleukin-6 (I hypeXia in
vascular cells. Central role of ik ing Asﬂi&é-for
nuclear factor-I1L-6. J Biol Chem. 1995;270:11463-71.
Karakurum M, Shreeniwas R, Chen J,“Pinsky D,
Yan SD, Anderson M, et al. Hypoxic mduc'uon of
interleukin-8 gene expression in human endothelial
cells. J ClinInvest. 1994;93: @@h 70.

, FUller'G;

Curcumin as a therapeutic agent against cancer

65

251

Sarfeh 1J, et al. Inhibition of angiogenesis by
nonsteriodal anti-inflammatory drugs: insight into
mechanisms and implications for cancer growth and
ulcer healing. Nat Med. 1999;5:1418-23.

Sheng H, Shao J, Morrow JD, Beauchamp RD, DuBois
RN. Modulation of apoptosis and Bcl-2 expression
by prostaglandin E2 in human colon cancer cells.
Cancer Res. 1998;58:362-6.

Gasparini G, Longo R, Sarmiento R, Morabito AA.

f inhibitors of cyclo-oxygenase 2: a new class of
/;aﬂticancer agents? Lancet Oncol. 2003;4:605-15.

e

fl,

errara N, Davis-Smyth T. The biology of vascular
endothelial growth factor. Endoc Rev. 1997;18:4-25.
Niimi H, Nageswari K, Ranade G, Yamaguchi S,
Yamakawa T. Microcirculatory characterization of
cerebral angiogenesis in mice using intravital
videomicroscopy. Clin Hemorheol Microcirc. 2000;23:
293-301.
Kondo A, Asano M, Matsuo K, Ohmori I, Suzuki H.
Vascular endothelial growth factor/vascular
permeability factor is detectable in the sera of tumor
bearing mice and cancer patients. Biochim Biophys

2R Acta. 1994;1221:211-4.

B

—

- ,'.,
e

- “expression with tumor angiogenesis and with early

ol

S 004:85:1045-
74,

Toi M, Hoshima S, Takayanagi T, Tominaga T.
ﬁssomatlon of vascular endothelial growth factor

relapse in primary breast cancer. Jpn J Cancer Res.

Adams J, g;c-der PJ, Downey S, Forbes MA,

Tian H, McKnight SL, RusggrDW. Endothelial PAS
domain protein (EPAS1) a-transcription factor
selectively expressed in endothelial cells. Genes Dev.
1997;11:72-82.

Williams CS, Tsujii M, Reese J, DeysSK, DuBois RN.
Host cyclooxygenases2 modulates carcinama growth:
JClin Invest. 2000;105:1589-1594-

Tsujii M, Kawano S, Tsuji S, Sawaoka H, Hori M,
DuBois RN, Cyclooxygenase regulates.angiogenesis
induced by:eoloncancer celis. €ell 11998;93:705-16.
Ben-Av P, Crofford LJ, Wilder RL,'HIa T."Inductionof
vascular endothelial growth factor expression in
synovial fibroblasts by prostaglandin E and
interleukin-1: a potential mechanism for inflammatory
angiogenesis. FEBS Lett. 1995;372: 83-7.

Murohara T, Horowitz JR, Silver M, Tsurumi Y, Chen
D, Silver M, et al. Vascular endothelial growth factor/
vascular permeability factor enhances vascular
permeability nitric oxide and prostacyclin. Circulation.
1998;97:99-107.

Jones MK, Wang H, Peskar BM, Levin EM, Itani RM,

/5.

6.

7.

78.

MacLennanﬁ)Allgar V, et al. Vascular endothelial
growth factor (VEGF) in breast cancer comparison of
plasma serum and tissue VEGF and microvessel
density and effects of tamoxifen. Cancer Res.2000;60:
2898-905.

BianX\W, Du L, ShiJQ, Cheng YS, Liu FX. Correlation
of bFGF, FGFR-1 and VEGF expression with vascularity
and malignancy of human astrocytomas. Anal Quant
Cytol Histol. 2000;22:267-274.

Mineta H, Miura K; Qgino T, Takebayashi S, Misawa
K, Ueda Y, et al. Prognostic value of vascular
endothelial growth factor (VEGF) in head and neck
squamous cell carcinomas. Br J Cancer. 2000;83:
775-81.

Stockhammer G, Obwegeser A, Kostron H, Schumacher
P, Muigg A, Felber S, etal. Vascular endothelial growth
factor (VEGF) is elevated in brain tumor cysts and
correlates with tumor progression. Acta Neuropathol
(Berl). 2000;100:101-5.

Yoshikawa T, Tsuburaya A, Kobayashi O, Sairenji M,
Motohashi H, Yanoma S, et al. Plasma concentrations



252

79.

8L

82.

S. Patumraj, P. Yoysungneon

of VEGF and bFGF in patients with gastric carcinoma. therapeutic effects of curcumin. Microcirculation. 2007;
Cancer Lett. 2000;153:7-12. 14(4/5):448.

Broll R, Erdmann H, Duchrow M, Oevermann E, 84. Webster KA, Discher DJ, Bishopric NH. Regulation
Schwandner O, Markert U, et al. Vascular endothelial of fos and jun immediate early gene by redox or
growth factor (VEGF)-a valuable serum tumour metabolic stress in cardiac myocytes. Circ Res. 1994;
marker in patients with colorectal cancer. Eur J Surg 74:679-86.

Oncol. 2001;27:37-42. 85. Koong AC, Chen EY, Giaccia AJ. Hypoxia causes
Hirai M, NakagawaraA, Oosaki T, Hirai M, Nakagawara the activation of nuclear factor kB through the

A, Oosaki T. Expression of vascular endothelial
growth factors (VEGF-A/VEGF-1 and VEGF-C/VE
2) in postmenopausal uterine endometrial carcinor
Gynecol Oncol. 2001;80:181-8. es cyclooxygenase-2 via the NF-kB
Kim KJ, Li B, Winer J, Armanini M, Gille i ion factor in human vascular endothelial
HS, Ferrara N. Inhibition of vascul - ‘ . 997;272:601-8.

growth factor-induced angiogenesis suppr: 8. uin™ Lin-Shiau S-Y. Mechanisms of cancer
growth invivo. Nature. 1993;362:841- che Nnoj by Curcumin. Proc Natl Sci Counc
Millauer B, Shawver LK, Plate KH, Risa i
Glioblastoma growth inhibited in vi b 4 ,
negative FIk-1 mutant. Nature. 1994;367: ‘Hors et al- Hypoxic induction of cox-2 regulates
Patumraj S, Yoysungnoen P, Duans i0
N, Wirachwong P, Bhattarakosol P, et
molecular targets in tumor angi

sphoryation of 1kBa on tyrosine residues. Cancer
4;74:679-86.
e JF, JiYS, LiuWL, DuBois RN, Runge MS.

AUEINENINYINS
ARIAN TN INYAE





