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Abstract

Curcumin, is a polyphenol from Curcuma longa (turmeric plant), is a polyphenol that belongs to the ginger
family which has long been used in Ayurveda medicines to treat various diseases such as asthma, anorexia,
coughing, hepatic diseases, diabetes, heart diseases, wound healing and Alzheimer’s. Various studies have shown
that curcumin has anti-infectious, anti-inflammatory, anti-oxidant, hepatoprotective, thrombosuppressive, cardio
protective, anti-arthritic, chemo preventive and anti-carcinogenic activities. It may suppress both initiation
and progression stages of cancer. Anticancer activity of curcumin is due to negative regulation of inflammatory
cytokines, transcription factors, protein kinases, reactive oxygen species (ROS) and oncogenes. This review

focuses on the different targets of curcumin to treat cancer.
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Introduction

Curcuma longa rhizome is known as turmeric, which
was habitually quoted in traditional Chinese medicine &
archaic medicinal transcripts for averting & remedy of
human disorders. (Sharma et al., 2006). Dried turmeric
powder is also used in sub-continental cooking as a key
ingredient in all kinds of curry (Shanmugam et al., 2015).
Itis also acknowledged as Haridra, Haldi, Zirsood, Halada,
Holdi, Manjaland Indian Saffron. Turmeric has been
referred -Generally Recognized as Safe (GRAS) status
by the USFDA (Azmi et al., 2015).

Yellow pigmented turmeric powder has plentiful
curcuminoids that contain curcumin (77%),
demethoxycurcumin (17%), and bis-demethoxycurcumin
(3%). Curcumin is a polyphenol (1, 7-bis (4-hydroxy-3-
methoxyphenyl)-1, 6-heptadiene-3,5-dione). Curcuma
designates as Ayiurvedic medicine noticeably designates
curcumin as a potent active ingredient for countless
ailments such as asthma, allergy, bronchial hyperactivity,
sinusitis, anorexia, , cough, coryza , and hepatic disease
(Shanmugam et al., 2015). Curcumin may help to avoid
renal failure in diabetes (Soetikno et al., 2013), heart
disease (Li et al., 2012), wound healing, Alzheimer’s
(Kapakos et al., 2012). There are various studies about
its anti-infectious, anti-inflammatory, anti-oxidant,
hepatoprotective, thrombosuppressive, cardioprotective,
anti-arthritic , chemopreventive, and anti-carcinogenic
properties (Chen et al., 2006; Divya and Pillai, 2006).
Curcumin has also been shown to regulate multiple
cellular molecular targets (Shanmugam et al., 2011).

Cancer is one of the most acute health disease
worldwide, affecting peoples from different groups all
sexes and ages. In 2005, cancer was the second directing
factor of death among people and reported as 13% of
the total 58 million deaths globally. Cancer is also a
problematic economically with a very high level of
expenses connected to it. For example, The National
Institute of Health (NIH), USA estimates that $209.9
billion were invested in cancer research worldwide in 2005
(Donipati and Sreeramulu, 2015). Cancer is an increased
cell division disease in which a healthy cell loses its cellular
homeostasis and starts to constitutively stimulate cell cycle
involving genes, survival, metastasis, and angiogenesis.
Curcumin interacts with extracellular and intracellular
targets, on the basis of different chemical characteristics,
that are responsible for cancer initiation and progression,
in this manner to inhibit cancer progression (Gupta et al.,
2011; Shanmugam et al., 2015). Increasing evidences
propose that dysfunction of inflammatory pathways have
a main role in cancer occurrence (Sethi et al., 2012).
Chronic inflammation causes the augmented production of
pro-inflammatory molecules such as cytokines, ROS, over
expression of oncogenes, intracellular signaling pathway
mediators, cyclooxygenase (COX-2), transcription factors
such as nuclear factor xB (NF-»B), protein kinases B
(AKT), activator protein 1 (AP1), signal transducer and
activator of transcription 3 (STAT3) that results in cancer
initiation and proliferation (Lemmon and Schlessinger,
2010; Shanmugam et al., 2015; Siveen et al., 2014). The
various molecular targets by curcumin are shortened in
Figure 1.
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Figure 1. Different Targets for Cancer Management
by Curcumin
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Figure 2. Potential Roles of Curcumin in Cancer

Curcumin’s Target Molecules

Transcriptional Factors:

Activator Protein (AP)-1: AP-1 is related to oncogenes
that stimulate mitogenic, pro-angiogenic & signals of
anti-apoptosis (Lopez-Bergami et al., 2010; Roux and
Blenis, 2004). ERK1/2 (MAPK family) phosphorylate
and stimulate AP-1 (Kolch and Pitt, 2010) that causes
up-regulation of Cyclin D1 encoded gene CCND1. AP-1
is related to cancer development and up regulation of
NF-#B and AP-1 expression in chemo resistant and radio
resistant glioma cells. Cur-cumin sensitizes human and
rat glioma cells to radiation and chemical treatments in
T98G, U8TMG, and T67 cells, and inhibit the expression
of AP-1 and NF-«B molecules (Shanmugam et al., 2015).

Peroxisome proliferator-associated receptor gamma
(PPAR-vy): PPAR- vy related to nuclear receptor family.
Activated PPAR-y is related to cell differentiation and
suppression of cancer cell growth (Gee et al., 2014)
PPAR-y was activated by curcumin that inhibit the cell
proliferation followed by suppression of EGFR gene and
cyclin D1 gene expression. It was reported that curcumin
induced apoptosis by activation of PPAR-y in cholangio
carcinoma(Shanmugam et al., 2015).

Nuclear Factor Kappa B (NF-»B): NF-xB protein

2736 Asian Pacific Journal of Cancer Prevention, Vol 17, 2016

contains five different family members including NF-
#B1, NF-xB2, Rel A, Rel B, and c-Rel. All members
of the family have common Rel homology domain
(RHD: hgv300aa). RHD is responsible for DNA binding
and reacttion with inhibitor of NF- B, i.e IxBs (Low
and Tergaonkar, 2013; Sethi and Tergaonkar, 2009).
Various agents trigger NF-xB such as growth factors,
viral & gram-negative bacterial products, oxidative
stress inducers, mitogens, pro-inflammatory cytokines,
chemotherapeutic agents, and environmental factors
(such as UV, hydrogen peroxide, smoke of cigerette), and
gamma radiation (Chaturvedi et al., 2011; Li and Sethi,
2010). On the activation by TNF-a. and IL-13, NF-xB can
be phosphorylated at S19 and S23 serine residues, by both
IKKa and f (Cildir et al., 2013; Sethi et al., 2008). The
phosphorylated NF-«B moves towards nucleus and starts
transcription of oncogenes that stop the apoptosis activity
and begins the uncontrolled cell division &transformation,
metastasis, and angiogenesis. Curcumin can abolish
NF-xB pathway in various cancers such as breast
cancer (Huang et al., 2013; Zong et al., 2012) colorectal
cancer, , human bladder cancer , human oral squamous
carcinoma, cutaneous T-cell lymphoma, head and neck
squamous cell cancer, pancreatic cancer, adenoid cystic
carcinoma, human tongue squamous cell cancer, prostate
carcinoma, medulloblastoma, human biliary carcinoma,
gastric carcinoma, lymphoma, ovarian carcinoma, T-cell
and NFAT activation, Myeloid-derived suppressor
cells, rhabdomyosarcoma, esophageal adenocarcinoma
, human epidermoid carcinoma, esophageal squamous
cell carcinoma, , non-Hodgkin’s lymphoma , Hodgkin’s
lymphoma , and thyroid carcinoma (Shanmugam et al.,
2015).

Nuclear factor E2-related factor 2 (Nrf2): Nrf2 is
main transcription factor for genes encoding phase II
anti-oxidant enzymes that is involved in detoxification
process. High similarity exists between Nrf2 and ARE
(anti-oxidant response element) which are acts like
transcription regulators for phase II anti-oxidant enzymes
such as GST. GST acts as anti-oxidant and helps in
detoxification of various xenobiotic in tumor cells.
Curcumin regulates anti-oxidant enzymes, inhibits p53
activation and inflammation due to oxidative stress in
liver of mice. Curcumin also modulates inflammatory
mediators such as COX2 & iNOS in liver of lymphoma
bearing mice (Das and Vinayak, 2015).

Signal Transducer and Activator of Transcription
(STAT): The STAT family has seven members: STAT
1 to 6 and STAT 5 has two members including STATS5a
and STAT 5b. Their size ranges from 750 to 850 amino
acids (Subramaniam et al., 2013). STAT3 protein, out
of whole STAT family, is responsible for oncogenic
signaling pathways, and controls intra-cellular signal
transduction pathways of various pro-inflammatory
cytokines and growth factors. STAT3 proteins can be
activated through various cytokines (IL-6, EGFR, PDGF,
leukemia inhibitory factor (LIF), Oncostatin M, and the
ciliary neurotrophic factor (CNTF) family of cytokines),
which mediate their signals through the gp130 protein.
IL-6 release is essential event for tumor formation as its
higher concentrations are associated with hepatocellular
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Table 1. Curcumin’s Clinical Trials for Different Types of Cancers

Types of Cancer Dosage Effect of curcumin Reference
Colorectal cancer  Ingestion of 2.35 g dcell proliferation, cell division, cell movement, ~ (Nunez-Sanchez et
curcuminoids (capsules) and DNA damage, T apoptosis al., 2015)

daily for 14 days.
0-100 pM. less cell viability
at 100 uM.

Oral carcinoma

Pancreatic cancer

Inhibitor of AP-1 and NF-kB, also suppress
HPV16/E6 oncogene
Inhibit NFxB anti-apoptotic activity & anti-

(Mishra et al., 2015)

(Fiala, 2015)

oncogenic activity of STAT-1 and interferon-y

production
strong anti-proliferative effect on TNF-a.,T
apoptosis, inhibited NF-»B activity

Skin cancer 1.25-3.12 uM curcumin
with blue light at 405 nm
combined with 630 /660 nm
red light

Breast cancer 300 mg/kg/day of curcumin

Head and neck
cancer

12.5 -25 uM of curcumin

reduced he cell viability, Vexpression of VEGFR
2/3, deregulate the expression of cyclin D1,
PECAM-1, & p65, which are regulated by NF-«B

upregulation of pro-apoptotic Bik, down-regula-
tion AKT and NF-«B

(Niu et al., 2015)

(Bimonte et al.,
2015; Ferreira et al.,
2015a; Ferreira et
al., 2015b)
(Xietal., 2015)

carcinoma (HCC). Moreover, activated STAT3 has been
involved in multiple cancers such as head and neck cancer,
leukemias, lymphomas, and multiple myeloma, making
it a potential target for cancer therapy. Under normal
physiological conditions, STAT3 prevents apoptosis by
up-regulating the expression of anti-apoptotic proteins
such as Bcl-2 and Bcl-xL enhancing cell survival and
growth. Curcumin inhibit interleukin IL-6 induced
STAT3 phosphorylation and consequent STFAT3 nuclear
translocation in multiple myeloma (Shanmugam et al.,
2015).

Pro-inflammatory cytokines

Tumor necrosis factor alpha (TNF-a) and interleukins:
TNF-a is involved in initiation & development of
tumor and acts as growth factor for tumor cells. TNF-a
actually activates NF-»B that involves into tumor
synthesis. About all cells when come to contact with
TNF-a, NF-uB activated and triggered the expression
of inflammatory genes (5-LOX, COX-2, inflammatory
cytokines, molecules that adhere with cells, and inducible
nitric oxide synthase (iNOS) (Shanmugam and Sethi,
2013). Curcumin inhibits the expression of TNF-a at
transcription level and combination with sulforaphane
inhibits iNOS, TNF-a, COX-2 and IL-1. It was reported
that in leukemia, curcumin inhibits the level of TNF-a
mRNA in K562 cell lines(Shanmugam et al., 2015).

Oncogenic kinases: Protein kinases such as IxB
kinases, MAPKs (p38 MAPK, JNK1/2) and ERK1/2
are related to the stimulation of NF-xB and AP-1 that
involve in cancer progression. For cancer remedy and
prevention, they are targets molecules. In pancreatic
and lung adenocarcinoma cells, it has been illustrated
that curcumin down-regulates ERK1/2 activity, JNK
stimukation, induced by various molecules such as
anisomycin, y-radiation, ionomycin, TNF-a, UV-C etc,
suppressed by curcumin (Shanmugam et al., 2015)

Induction of apoptosis occurred through increasing ROS
scavenging enzymes and decreasing 4 hydroxynonenal
and malon-di-aldehyde. Phosphorylation and activation
of MAPK pathway factors ¢ Jun N terminal kinase, p38

and extracellular signal-regulated kinases by curcumin,
induces apoptotic activity (Yao et al., 2015).

Other Protein Kinases and Inflammatory Mediators

Cyclin D1: Cyclin D1 belongs to cyclin protein
family and it is a sub unit of cdk4 & cdk®6. It was studied
that cyclin D1 level is very high in many types of
cancers including breast, head & neck, lung, liver, colon
carcinoma. Cyclin D1 is activated by NF-#B pathways.
Curcumin inhibits the cyclin D1 regulation by suppressing
the NF-»B pathway. In vivo, study showed that NF-xB
regulated gene products like cyclin D1 inhibited by
curcumin, consequently , inhibited tumor proliferation
and angiogenesis (Bimonte et al., 2015)

pS3: p53 is, tumor inhibitor protein, responsible for
apoptosis, cell cycle, autophagy, metabolism and reactive
oxygen species (Tyagi and Prasad, 2015). Inactivation
of p53 and activation of NF- #B are the main cause of
cancer. Curcumin induces apoptosis of cancerous cell
by stimulation of p53 expression and inactivation of
NF-»B. p53 dependent apoptosis prompt by curcumin in
basal cell carcinoma. In human melanoma cell, curcumin
up-regulates p53. In MCF7 cell lines of breast cancer,
curcumin induces apoptosis by increasing level of p53,
DNA binding activity and belated increase of effector
Bax expression. In colorectal cancer, curcumin also up-
regulates the p53 in cancerous cells and triggers apoptotic
activity. In nasopharyngeal cancer, curcumin increased the
level of FOXO3a and p53 (Wu et al., 2014)

Roles of Reactive Oxidative Stress (ROS)

Reactive oxidative species cause damage mutations
in DNA leading to cancer disease and mitochondrial
apoptosis. ROS scavenging is necessary to avoid cancer.
Curcumin induced glutathione-S-transferase (GST) and
quinine reductase, these enzymes neutralize ROS species.
Curcumin also induces another ROS scavenging enzyme-
hemeoxygenasel that triggers regulation of nuclear factor
2. Curcumin also used ROS to kill cancer cells ((Park et
al.,2013)
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In Vivo Studies

Curcumin has been tested on various animal test
models of cancer for various organ specific cancers
such as breast, head and neck (Gao et al., 2012), oral
(Zlotogorski et al., 2013), hepatocellular carcinoma,
prostate, pancreatic, colon (Sareen et al., 2013), gastric
(Chung et al.,2013), stem cells cancer (Norris et al.,2013)
and on multi-drug resistant cancer cells or chemo resistant
cells(Park et al., 2013; Shehzad et al., 2013). Figure 2
shows the potential role of curcumin to control cancer.

Clinical Trials with Curcumin

Anti-cancer activity of curcumin has been successfully
illustrated by various clinical trials for different kinds of
cancer including lung, breast, oral, pancreatic, colorectal,
prostate, and head & neck squamous cell carcinoma
(Devassy et al., 2015). Safety and efficacy of curcumin
are illustrated by 65 clinical trials and 35 ongoing trials.
Curcumin has been used in many countries including USA,
India, South Africa, Pakistan, Nepal,Japan, China, Korea,
Thailand and Turkey as supplement medicine. Limitations
of curcumin are low bioavailability, low solubility &
poor pharmacokinetics. These issues can be solved by
effective delivery system. To increase bioavailability
of curcumin, various curcumin formulations have been
developed like tablets, powder, liposomal encapsulation,
capsules, emulsions and nanoparticles (Naksuriya et
al., 2014; Yallapu et al., 2015). Curcumin function has
been increased in combination with different compounds
like quercetin, docetaxel, gemcitabine, acetylcysteine,
mesalamine, pantoprazole, sulfasalazine, prednisone,
peperinebioperine, , lactoferrin, and soy isoflavones
(Gupta et al., 2013)

Conclusion

Various preclinical and clinical trials demonstrated
that curcumin is very effective to treat cancer. Different
studies shows that curcumin suppresses various molecules
such as AP-1, NF-B, interleukins (IL-6) & ROS species
and down regulate oncogenes, intracellular mediated
pathways, STAT3 and protein kinases B so that it inhibits
angiogenesis, cell proliferation, metastasis, radio resistant
and chemo resistant. Clinical trials of curcumin show the
safety, efficacy and non-toxicity, curcumin has approves
as safe molecule to treat not only cancer but also other
inflammatory diseases. However, curcumin has low
bioavailability, low solubility and poor pharmacokinetics.
Formulation of curcumin such as nanoparticles, liposomes,
encapsulation etc, is the step to increase bioavailability and
effectiveness of curcumi and hence to become a potential
anti-cancer drug.

References

Azmi L, Ojha SK, Rao CV (2015). Curcumin: boon for human
beings. World J Pharmacy Pharmaceutical Sci, 4,239-249.
Bimonte S, Barbieri A, Palma G, et al (2015). Dissecting the role
of curcumin in tumour growth and angiogenesis in mouse

2738 Asian Pacific Journal of Cancer Prevention, Vol 17, 2016

model of human breast cancer. BioMed Res Int, 2015.

Chaturvedi M, Sung B, Yadav V, Kannappan R, Aggarwal B
(2011). NF-xB addiction and its role in cancer:‘one size
does not fit all’. Oncogene, 30, 1615-30.

Chen A, Xu J, Johnson A (2006). Curcumin inhibits human
colon cancer cell growth by suppressing gene expression
of epidermal growth factor receptor through reducing the
activity of the transcription factor Egr-1. Oncogene, 25,
278-87.

Chung M-Y,Lim TG, Lee KW (2013). Molecular mechanisms of
chemopreventive phytochemicals against gastroenterological
cancer development. World J Gastroenterol, 19, 984.

Cildir G, Akincilar SC, Tergaonkar V (2013). Chronic adipose
tissue inflammation: all immune cells on the stage. Trends
Molecular Med, 19, 487-500.

Das L and Vinayak M (2015). Long term effect of curcumin
in restoration of tumour suppressor p5S3 and phase-II
antioxidant enzymes via activation of Nrf2 Signalling and
Modulation of Inflammation in Prevention of Cancer.

Devassy JG, Nwachukwu ID, Jones PJ (2015). Curcumin and
cancer: barriers to obtaining a health claim. Nutrition Rev,
64.

Divya CS, Pillai MR (2006). Antitumor action of curcumin
in human papillomavirus associated cells involves
downregulation of viral oncogenes, prevention of NFkB and
AP-1 translocation, and modulation of apoptosis. Molecular
carcinogenesis, 45,320-32.

Donipati P, Sreeramulu SH (2015). In vitro anticancer activity
of Curcuma longa against human breast cancer. Cell Line
Mcf, 7.

Ferreira L, Arbab A, Jardim-Perassi B, et al (2015a). Effect of
curcumin on pro-angiogenic factors in the xenograft model
of breast cancer. Anticancer Agents Med Chem,15,1285-96.

Ferreira LC, Arbab AS, Jardim-Perassi BV, (2015b). Abstract
A02: Effect of curcumin on the tumor growth and
angiogenesis of breast cancer. Cancer Res, 75, A02-A02.

Fiala M (2015). Curcumin and omega-3 fatty acids enhance
NK cell-induced apoptosis of pancreatic cancer cells but
curcumin inhibits interferon-y production: benefits of
omega-3 with curcumin against cancer. Molecules, 20,
3020-6.

Gao W, Chan JY, Wei WI, Wong TS (2012). Anti-cancer effects
of curcumin on head and neck cancers. Anticancer Agents
Med Chem, 12, 1110-6.

Gee VM, Wong FS, Ramachandran L, et al (2014). Identification
of novel peroxisome proliferator-activated receptor-gamma
(PPARY). agonists using molecular modeling method. J
Computer-Aided Molecular Design, 28, 1143-51.

Gupta SC, Patchva S, Aggarwal BB (2013). Therapeutic roles
of curcumin: lessons learned from clinical trials. AAPS J,
15, 195-218.

Gupta SC, Prasad S, Kim JH, et al (2011). Multitargeting by
curcumin as revealed by molecular interaction studies.
Natural Product Reports, 28, 1937-55.

Huang T, Chen Z, Fang L (2013). Curcumin inhibits LPS-induced
EMT through downregulation of NF-«B-Snail signaling in
breast cancer cells. Oncol Reports, 29, 117-124.

Kapakos G, Youreva V, Srivastava AK (2012). Attenuation of
endothelin-1-induced PKB and ERK1/2 signaling, as well
as Egr-1 expression, by curcumin in A-10 vascular smooth
muscle cells. Canadian J Physiol Pharmacol, 90, 1277-85.

Kolch W, Pitt A (2010). Functional proteomics to dissect tyrosine
kinase signalling pathways in cancer. Nature Reviews
Cancer, 10, 618-29.

Lemmon MA, Schlessinger J (2010). Cell signaling by receptor
tyrosine kinases. Cell, 141, 1117-34.

Li F, Sethi G (2010). Targeting transcription factor NF-»B to



APJCP2016.17.6.2735

Curcumin: a Polyphenol with Molecular Targets for Cancer Control

overcome chemoresistance and radioresistance in cancer
therapy. Biochim Biophys Acta -Reviews on Cancer, 1805,
167-80.

Li X, Chen S, Zhang B, et al (2012). In situ injectable
nano-composite hydrogel composed of curcumin, N,
O-carboxymethyl chitosan and oxidized alginate for wound
healing application. Int J Pharmaceutics, 437, 110-9.

Lopez-Bergami P, Lau E, Ronai Ze (2010). Emerging roles
of ATF2 and the dynamic AP1 network in cancer. Nature
Review Cancer, 10, 65-76.

Low KC , Tergaonkar V (2013). Telomerase: central regulator of
all of the hallmarks of cancer. Trends Biochemical Sciences,
38, 426-34.

Mishra A, Kumar R, Tyagi A, et al (2015). Curcumin modulates
cellular AP-1,NF-kB, and HPV 16 E6 proteins in oral cancer.
Ecancermedicalscience, 9.

Naksuriya O, Okonogi S, Schiffelers RM, Hennink WE (2014).
Curcumin nanoformulations: a review of pharmaceutical
properties and preclinical studies and clinical data related
to cancer treatment. Biomaterials, 35, 3365-83.

Niu T, Tian Y, Cai Q, Ren Q, Wei L (2015). Red light combined
with blue light irradiation regulates proliferation and
apoptosis in skin keratinocytes in combination with low
concentrations of curcumin. PloS One, 10, 138754.

Norris L, Karmokar A, Howells L, et al (2013). The role of cancer
stem cells in the anti-carcinogenicity of curcumin. Mol Nutr
Food Res, 57, 1630-7.

Nunez-Sanchez MA, , Romo-Vaquero M, et al (2015). Dietary
phenolics against colorectal cancer-From promising
preclinical results to poor translation into clinical trials:
Pitfalls and future needs. Mol Nutr Food Res,59, 1274-91.

Park W, Amin AR, Chen ZG, Shin DM (2013). New perspectives
of curcumin in cancer prevention. Cancer Prev Res, 6,
387-400.

Roux PP, Blenis J (2004). ERK and p38 MAPK-activated protein
kinases: a family of protein kinases with diverse biological
functions. Microbiol Molecular Biol Reviews, 68, 320-44.

Sareen R, Jain N, Pandit V (2013). Curcumin: A boon to colonic
diseases. Current Drug Targets, 14, 1210-8.

Sethi G, Shanmugam MK, Ramachandran L, Kumar AP,
Tergaonkar V (2012). Multifaceted link between cancer and
inflammation. Bioscience Reports, 32, 1-15.

Sethi G, Sung B, Aggarwal BB (2008). Nuclear factor-»B
activation: from bench to bedside. Exp Biol Med,233,21-31.

Sethi G, Tergaonkar V (2009). Potential pharmacological control
of the NF-«B pathway. Trends Pharmacological Sci, 30,
313-21.

Shanmugam MK, Kannaiyan R, Sethi G (2011). Targeting cell
signaling and apoptotic pathways by dietary agents: role in
the prevention and treatment of cancer. Nutr Cancer, 63,
161-73.

Shanmugam MK, Rane G, Kanchi MM, et al (2015). The
multifaceted role of curcumin in cancer prevention and
treatment. Molecules, 20, 2728-69.

Shanmugam MK, Sethi G (2013). Role of epigenetics in
inflammation-associated diseases. Subcell Biochem, 61,
627-57.

Sharma S, Kulkarni SK, Chopra K (2006). Curcumin, the active
principle of turmeric (Curcuma longa), ameliorates diabetic
nephropathy in rats. Clin Exp Pharmacol Physiol 33,940-5.

Shehzad A,Lee J,Lee YS (2013). Curcumin in various cancers.
Biofactors, 39, 56-68.

Siveen KS, Sikka S, Surana R, et al (2014). Targeting the STAT3
signaling pathway in cancer: role of synthetic and natural
inhibitors. Biochim Biophys Acta - Reviews on Cancer,
1845, 136-54.

Soetikno V, Sari FR, Sukumaran V, et al (2013). Curcumin

decreases renal triglyceride accumulation through AMPK—
SREBP signaling pathway in streptozotocin-induced type 1
diabetic rats. J Nutritional Biochem, 24, 796-802.

Subramaniam A, Shanmugam MK, Perumal E, et al (2013).
Potential role of signal transducer and activator of
transcription (STAT). 3 signaling pathway in inflammation,
survival, proliferation and invasion of hepatocellular
carcinoma. Biochim Biophys Acta -Reviews on Cancer,
1835, 46-60.

Tyagi AK,Prasad S (2015). Targeting P53 Pathway by curcumin
for cancer prevention and treatment. Cell Dev Biol, 4, 2.

Wu J, Tang Q, Zhao S, et al (2014). Extracellular signal-
regulated kinase signaling-mediated induction and
interaction of FOXO3a and p53 contribute to the inhibition
of nasopharyngeal carcinoma cell growth by curcumin. Int
J Oncol, 45, 95-103.

XiY, Gao H, Callaghan MU, et al (2015). Induction of BCL2-
interacting killer, BIK, is mediated for anti-cancer activity of
curcumin in human head and neck squamous cell carcinoma
cells. J Cancer, 6,327.

Yallapu MM, Nagesh PKB, Jaggi M, Chauhan SC (2015).
Therapeutic applications of curcumin nanoformulations.
AAPS J 17, 1341-56.

Yao Q, Lin M, Wang Y, et al (2015). Curcumin induces the
apoptosis of A549 cells via oxidative stress and MAPK
signaling pathways. Int J Molecular Med, 36, 1118-26.

Zlotogorski A, Dayan A, Dayan D, et al (2013). Nutraceuticals
as new treatment approaches for oral cancer—I: curcumin.
Oral Oncol, 49, 187-191.

Zong H, Wang F, Fan Q-X, Wang L-X (2012). Curcumin
inhibits metastatic progression of breast cancer cell through
suppression of urokinase-type plasminogen activator by NF-
kappa B signaling pathways. Molecular Biology Reports,
39, 4803-8.

Asian Pacific Journal of Cancer Prevention, Vol 17,2016 2739



