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ESSENCE OF ARTICLE
“These findings raise the possibility that XMRV miag a contributing factor in the pathogenesis cCF

ARTICLE

Chronic fatigue syndrome (CFS) is a debilitatingedise of unknown etiology that is estimated tocaff& million
people worldwide. Studying peripheral blood mondeaccells (PBMCs) from CFS patients, we identifizdA
from a human gammaretrovirus, xenotropic muriné&éaoia virus-related virus (XMRV), in 68 of 101 paits
(67%) compared to 8 of 218 (3.7%) healthy contrGlsll culture experiments revealed that patienivéer XMRV
is infectious and that both cell-associated anHfet transmission of the virus are possible. &ideoy viral
infections were established in uninfected primgmphocytes and indicator cell lines following expsto
activated PBMCs, B cells, T cells, or plasma detifrem CFS patients. These findings raise the pddgithat
XMRYV may be a contributing factor in the pathogesed CFS.

The editors suggest the following Related ResouroeScience sites:
In Science Magazine
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ESSENCE OF ARTICLE

“Curcumin can induce cell death by a mechanismithabt reliant on apoptosis induction, and thysesents a
promising anticancer agent for prevention and tneat of oesophageal cancer.”



ARTICLE
Abstract

BACKGROUND:

Oesophageal cancer incidence is increasing ani/alrates remain extremely poor. Natural agerith potential
for chemoprevention include the phytochemical comicu(diferuloylmethane). We have examined the eéfed
curcumin on a panel of oesophageal cancer cel.line

METHODS:

MTT (3-(4,5-dimethyldiazol-2-yl)-2,5 diphenyl tetralium bromide) assays and propidium iodide stajnirre
used to assess viability and DNA content, respelgtiMitotic catastrophe (MC), apoptosis and autaphwere
defined by both morphological criteria and markarsh as MPM-2, caspase 3 cleavage and monodanaykrate
(MDC) staining. Cyclin B and poly-ubiquitinated pemns were assessed by western blotting.

RESULTS:

Curcumin treatment reduces viability of all cefids within 24 h of treatment in a 5-50 M ranggofoxicity is
associated with accumulation in G2/M cell-cycle gggand distinct chromatin morphology, consistetit MC.
Caspase-3 activation was detected in two out af dell lines, but was a minor event. The additiba caspase
inhibitor zVAD had a marginal or no effect on ceithbility, indicating predominance of a non-apoptdorm of
cell death. In two cell lines, features of both M@ autophagy were apparent. Curcumin-responslieveere
found to accumulate poly-ubiquitinated proteins apdin B, consistent with a disturbance of thequiitin—
proteasome system. This effect on a key cell-cgltckpoint regulator may be responsible for thetiait
disturbances and consequent cytotoxicity of thigydr

CONCLUSION:
Curcumin can induce cell death by a mechanismishadt reliant on apoptosis induction, and thusesents a
promising anticancer agent for prevention and tneat of oesophageal cancer.

Keywords:
curcumin, apoptosis, mitotic catastrophe, autophaggophageal cancer

[19676105]ADDITIONAL ARTICLES ON CURCUMIN AND CANER..
Mol Carcinog. 2009 Aug 12. [Epub ahead of print]

Curcumin-induced apoptosis in ovarian carcinoma cds$ is p53-independent and involves p38 mitogen-
activated protein kinase activation and downregulabn of Bcl-2 and survivin expression and Akt signahg.

Watson JL, Greenshields A, Hill R, Hilchie A, Le&/PGiacomantonio CA, Hoskin DW.
Faculty of Medicine, Department of Surgery, Dallieugniversity, Halifax, Nova Scotia, Canada.

New cytotoxic agents are urgently needed for thatiment of advanced ovarian cancer because obtiregng-
term response of this disease to conventional ctierapy. Curcumin, obtained from the rhizome ofdDuna
longa, has potent anticancer activity; howevernieehanism of curcumin-induced cytotoxicity in daarcancer
cells remains a mystery. In this study we show thatumin exhibited time- and dose-dependent cytoity
against monolayer cultures of ovarian carcinombliogls with differing p53 status (wild-type p53EHN,
OVCA429; mutant p53: OCCL; null p53: SKOV3). In #duh, p53 knockdown or p53 inhibition did not dimigh
curcumin killing of HEY cells, confirming p53-indepdent cytotoxicity. Curcumin also killed OVCA42hd
SKOV3 cells grown as multicellular spheroids. Nacleondensation and fragmentation, as well as DNA
fragmentation and poly (ADP-ribose) polymeraseehehge in curcumin-treated HEY cells, indicated dehth by
apoptosis. Procaspase-3, procaspase-8, and preesdpéeavage, in addition to cytochrome c releaskBid
cleavage into truncated Bid, revealed that curcusmtivated both the extrinsic and intrinsic pathsvayapoptosis.
Bax expression was unchanged but Bcl-2, surviviosphorylated Akt (on serine 473), and total Aktave
downregulated in curcumin-treated HEY cells. Curuaiso activated p38 mitogen-activated proteirakin



(MAPK) without altering extracellular signal-regteal kinase 1/2 activity. We conclude that p53-iretefent
curcumin-induced apoptosis in ovarian carcinomés ¢éeVvolves p38 MAPK activation, ablation of progiwal Akt
signaling, and reduced expression of the antiapiggtooteins Bcl-2 and survivin. These data provadmechanistic
rationale for the potential use of curcumin in tfeatment of ovarian cancer. (c) 2009 Wiley-Lisg, |

PMID: 19676105 [PubMed - as supplied by publisher]

Cancer Lett. 2008 Aug 18;267(1):133-64. Epub 20G§ 4.
Curcumin and cancer: an "old-age" disease with an age-old" solution.

Anand P, Sundaram C, Jhurani S, Kunnumakkara ABaAgal BB.
Cytokine Research Laboratory, Department of Expenial Therapeutics, The University of Texas M.DdArson
Cancer Center, Houston, TX, USA.

Cancer is primarily a disease of old age, andlifeastyle plays a major role in the developmentrafst cancers is
now well recognized. While plant-based formulatitiase been used to treat cancer for centuriesmimeatments
usually involve poisonous mustard gas, chemothenaglyation, and targeted therapies. While traddlglant-
derived medicines are safe, what are the activeeiptes in them and how do they mediate their éffagainst
cancer is perhaps best illustrated by curcumireravative of turmeric used for centuries to treatide variety of
inflammatory conditions. Curcumin is a diferuloylthane derived from the Indian spice, turmeric (dapy called
"curry powder") that has been shown to interferthwiultiple cell signaling pathways, including cejicle (cyclin
D1 and cyclin E), apoptosis (activation of caspasebdown-regulation of antiapoptotic gene products
proliferation (HER-2, EGFR, and AP-1), survival BRIAKT pathway), invasion (MMP-9 and adhesion
molecules), angiogenesis (VEGF), metastasis (CXT&1d inflammation (NF-kappaB, TNF, IL-6, IL-1, CGX
and 5-LOX). The activity of curcumin reported agaiteukemia and lymphoma, gastrointestinal cancers,
genitourinary cancers, breast cancer, ovarian cahead and neck squamous cell carcinoma, lungecanc
melanoma, neurological cancers, and sarcoma refikscability to affect multiple targets. Thus aiid-age” disease
such as cancer requires an "age-old" treatment.

PMID: 18462866 [PubMed - indexed for MEDLINE]

Clin Cancer Res. 2007 Jun 1;13(11):3423-30.

Curcumin inhibits tumor growth and angiogenesis inovarian carcinoma by targeting the nuclear factor-
kappaB pathway.

Lin YG, Kunnumakkara AB, Nair A, Merritt WM, Han LYArmaiz-Pena GN, Kamat AA, Spannuth WA,
Gershenson DM, Lutgendorf SK, Aggarwal BB, Sood AK.

Department of Gynecologic Oncology, The Universityexas M. D. Anderson Cancer Center, Houston, TX
77030, USA.

PURPOSE: Curcumin, a component of turmeric, haa shewn to suppress inflammation and angiogenagigly
by inhibiting the transcription factor nuclear fackappaB (NF-kappaB). This study evaluates theot$fof
curcumin on ovarian cancer growth using an orthictapurine model of ovarian cancer.

EXPERIMENTAL DESIGN: In vitro and in vivo experimé&nof curcumin with and without docetaxel were done
using human ovarian cancer cell lines SKOV3ip1, Ayand HeyA8-MDR in athymic mice. NF-kappaB
modulation was ascertained using electrophoretibilitypshift assay. Evaluation of angiogenic cytas, cellular
proliferation (proliferating cell nuclear antigel@ngiogenesis (CD31), and apoptosis (terminal deacigotidyl
transferase-mediated dUTP nick end labeling) ware dsing immunohistochemical analyses.

RESULTS: Curcumin inhibited inducible NF-kappaBigation and suppressed proliferation in vitro. lmosdose-
finding experiments revealed that 500 mg/kg oralfs the optimal dose needed to suppress NF-kappaBignal



transducers and activators of transcription 3 atitm and decrease angiogenic cytokine expreskidhe
SKOV3ipl and HeyA8 in vivo models, curcumin aloesulted in 49% (P = 0.08) and 55% (P = 0.01) reduostin
mean tumor growth compared with controls, wherelasnacombined with docetaxel elicited 96% (P < 0)G01d
77% reductions in mean tumor growth compared wathtrols. In mice with multidrug-resistant HeyA8-MDR
tumors, treatment with curcumin alone and combinil docetaxel resulted in significant 47% and 5&%uctions
in tumor growth, respectively (P = 0.05). In SKOp'Biand HeyA8 tumors, curcumin alone and with docgta
decreased both proliferation (P < 0.001) and miesgel density (P < 0.001) and increased tumompelptosis (P <
0.05).

CONCLUSIONS: Based on significant efficacy in pieidal models, curcumin-based therapies may badiwe in
patients with ovarian carcinoma.

PMID: 17545551 [PubMed - indexed for MEDLINE]

Cancer Lett. 2007 Oct 8;255(2):170-81. Epub 2007 ¥
Curcumin for chemoprevention of colon cancer.
Johnson JJ, Mukhtar H.

University of Wisconsin, School of Pharmacy, 77giand Avenue, Madison, W1 53705-2222, USA.
jjohnson6 @wisc.edu

The most practical approach to reduce the morbatity mortality of cancer is to delay the process of
carcinogenesis through the use of chemoprevengeata. This necessitates that safer compounds;iapéhose
derived from natural sources must be criticallyrakaed for chemoprevention. A spice common to Iradid the
surrounding regions, is turmeric, derived fromithkome of Curcuma longa. Pre-clinical studies wragety of
cancer cell lines including breast, cervical, colgastric, hepatic, leukemia, oral epithelial, agaay pancreatic, and
prostate have consistently shown that curcumingsses anti-cancer activity in vitro and in preiclhanimal
models. The robust activity of curcumin in coloedatancer has led to five phase | clinical trisdinlgy completed
showing the safety and tolerability of curcumircolorectal cancer patients. To date clinical tri@dse not
identified a maximum tolerated dose of curcumihimmans with clinical trials using doses up to 806Qrar day.
The success of these trials has led to the developai phase Il trials that are currently enrollpagients.
Overwhelming in vitro evidence and completed chhizials suggests that curcumin may prove to keduli$or the
chemoprevention of colon cancer in humans. Thigerewill focus on describing the pre-clinical arlchizal
evidence of curcumin as a chemopreventive compaundlorectal cancer.

PMID: 17448598 [PubMed - indexed for MEDLINE]

Cancer Biol Ther. 2007 Feb;6(2):178-84. Epub 2067 5.

Curcumin induces G2/M arrest and apoptosis in cisgltin-resistant human ovarian cancer cells by
modulating Akt and p38 MAPK.

Weir NM, Selvendiran K, Kutala VK, Tong L, VishwahaS, Rajaram M, Tridandapani S, Anant S, KuppusBmy
Davis Heart and Lung Research Institute and Congmailie Cancer Center, Department of Internal MadijoDhio
State University, Columbus, OH 43210, USA.

Curcumin, a major active component of turmeri&riswn to induce apoptosis in several types of caceks, but
little is known about its activity in chemoresistaells. Hence, the aim of the present study waswvestigate the
anticancer properties of curcumin in cisplatinsesit human ovarian cancer cells in vitro. Theltesndicated that
curcumin inhibited the proliferation of both cisfitaresistant (CR) and sensitive (CS) human ovacercer cells
almost equally. Enhanced superoxide generationolvasrved in both CR and CS cells treated with aaicu
Curcumin induced G(2)/M phase cell-cycle arresER cells by enhancing the p53 phosphorylation grap#osis
through the activation of caspase-3 followed by PAfegradation. Curcumin also inhibited the phosylation of
Akt while the phosphorylation of p38 MAPK was enbad. In summary, our results showed that curcuntiibits



the proliferation of cisplatin-resistant ovariamcar cells through the induction of superoxide gatien, G(2)/M
arrest, and apoptosis.

PMID: 17218783 [PubMed - indexed for MEDLINE]

Gynecol Oncol. 2007 Apr;105(1):104-12. Epub 2006 D&.
Curcumin enhances Apo2L/TRAIL-induced apoptosis inchemoresistant ovarian cancer cells.

Wabhl H, Tan L, Griffith K, Choi M, Liu JR.
Division of Gynecologic Oncology, Department of @iscs and Gynecology, University of Michigan, 421
CCGC, 1500 East Medical Center Drive, Ann Arbor, 481128, USA.

OBJECTIVE: Curcumin, the active component of tuimé€urcuma longa), exhibits growth inhibitory aty
against prostate, colon, and breast cancer; howtheseffect of curcumin on ovarian cancer celisasknown. We
hypothesized that curcumin could induce cell déatbvarian cancer cells, and enhance apoptosicéeuiby tumor
necrosis factor-related apoptosis inducing Apo@rdy TRAIL.

METHODS: Chemoresistant ovarian cancer cell lin€®©83 and ES-2 were used. The cytotoxic effect of
curcumin, Apo2L/TRAIL, and curcumin+Apo2L/TRAIL iocombination was determined by sulforhodamine assay.
Apoptotic fraction was determined by staining cellth propidium iodide followed by analysis of tekeb-GO DNA
content of cells by flow cytometry. Caspase acibratvas determined by immunoblotting.

RESULTS: Curcumin alone had a cytotoxic effectigplatin-resistant cells at 25 microM. Curcumiraat doses
(5-15 microM) or Apo2L/TRAIL alone was not signiéintly cytotoxic to the cell lines tested. Preindirtmacells
with curcumin at low doses prior to treating witp@2L/TRAIL resulted in markedly enhanced cell dedthe
combined treatment of curcumin and Apo2L/TRAIL st in activation of both the extrinsic, recepioediated
apoptotic pathway (cleavage of caspase-8) andhthiasic, mitochondria-mediated apoptotic pathwelggvage of
caspase-9).

CONCLUSIONS: Combined curcumin and Apo2L/TRAIL tneent results in enhanced induction of apoptotit ce
death. Because curcumin and Apo2L/TRAIL together activate both the extrinsic and intrinsic pathsvay
apoptosis, they may circumvent chemoresistancernwentional chemotherapeutic agents.

PMID: 17174384 [PubMed - indexed for MEDLINE]

Cell Biol Int. 2006 Mar;30(3):221-6. Epub 2005 [
Antiproliferation and apoptosis induced by curcuminin human ovarian cancer cells.

Shi M, Cai Q, Yao L, Mao Y, Ming Y, Ouyang G.
Key Laboratory of China Education Ministry for C8liology and Tumor Cell Engineering, School of Life
Sciences, Xiamen University, Xiamen 361005, China.

Curcumin, an active ingredient from the rhizoméhaf plant, Curcuma longa, has antioxidant, antamfmatory
and anti-cancer activities. It has recently beenatestrated that the chemopreventive activitiesuofamin might
be due to its ability to inhibit cell growth anddunce apoptosis. In the present study, we have tigatsd the effects
of curcumin on growth and apoptosis in the humaarian cancer cell line Ho-8910 by MTT assay, flsocence
microscopy, flow cytometry and Western blotting.r@ata revealed that curcumin could significantllyibit the
growth and induce apoptosis in Ho-8910 cells. Ardase in expression of Bcl-2, Bcl-X(L) and pro-cesp3 was
observed after exposure to 40 microM curcumin, evtie levels of p53 and Bax were increased in tineuenin-
treated cells. These activities may contributéhtoadnticarcinogenic action of curcumin.

PMID: 16376585 [PubMed - indexed for MEDLINE]

Life Sci. 2006 Apr 11;78(20):2391-8. Epub 2005 N



Curcumin modulates drug metabolizing enzymes in théemale Swiss Webster mouse.

Valentine SP, Le Nedelec MJ, Menzies AR, Scandlyh Gloodin MG, Rosengren RJ.
Department of Pharmacology and Toxicology, 18 FrielleStreet, Adams Building, University of Otagouimedin,
New Zealand.

Curcumin, the yellow pigment found in turmeric, its potent chemopreventative properties in botkivo and
in vitro cancer models. We hypothesized that tffisce may occur via curcumin-mediated changes izyames
involved in both carcinogen bioactivation and egém metabolism. Female Swiss Webster mice wertettagith
either curcumin (200 mg/kg or 400 mg/kg, p.o.) ehiele control for 1 or 2 weeks. The results dertrated that
curcumin had no effect on the catalytic activitid®varian aromatase, hepatic catechol-O-methydfeaase or
hepatic UDP-glucuronosyltransferase. However, botes of curcumin caused a 25% decrease in CYPthlytia
activity, but not polypeptide levels, following 2eeks of treatment. Additionally, following 2 weedscurcumin at
400 mg/kg, there was a 20% decrease in the catalgtivity and a 28% decrease in polypeptide |egESYP3A.
While 2 weeks of curcumin treatment (400 mg/kg)sealia 20% increase in glutathione S-transferasatgcthere
was no parallel increase in hepatic stores of thfactor glutathione. In conclusion small change€YP1A,
CYP3A and GST following long term treatment (2 weegkuggest that the combination of all three mdiabo
pathways may play a small role in curcumin's chemreegntative action.

PMID: 16297412 [PubMed - indexed for MEDLINE]

J Huazhong Univ Sci Technolog Med Sci. 2004;248-85
Growth-inhibitory effects of curcumin on ovary cancer cells and its mechanisms.

Zheng L, Tong Q, Wu C.
Department of Pathology, Union Hospital, Tongji NMed College, Huazhong University of Science and
Technology, Wuhan 430022.

To study the growth-inhibitory effects of curcunain human ovary cancer A2780 cells in vitro andritdecular
mechanisms, the growth inhibition rates of A2780cea cells, after being treated with 10 micromad. -
micromol/L curcumin for 6-24 h, were examined by Method. The morphological changes of cancer oadte
observed under inversion microscopy. Cellular aptiptates were determined by using TUNEL. The girot
expression levels of bcl-2, p53 and MDM2 in canmadls were examined by SP immunohistochemistryeidfieing
treated by various concentrations of curcumin,gitmevth of cancer cells was inhibited significantBome cancer
cells presented characteristic morphological chag@poptosis. The rates of apoptosis were 6.48 %820
(P<0.01). The expression of bcl-2 and p53 was dsed which depended on the action time (P<0.01reTwere
no obvious changes in MDM2 expression. It was aadedl that curcumin could significantly inhibit theowth of
ovary cancer cells. The induction of apoptosis bwiatregulating the expression of bcl-2 and p53 pradably one
of its molecular mechanisms.

PMID: 15165116 [PubMed - indexed for MEDLINE]

Ai Zheng. 2002 Dec;21(12):1296-300. [Article in Gbése]

Inhibitory effects of curcumin on apoptosis of huma ovary cancer cell line A2780 and its molecular
mechanism

Zheng LD, Tong QS, Wu CH.
Department of Pathology, Union Hospital of Tongjetiical College, Huazhong University of Science and
Technology, Wuhan 430022, P. R. China. Id_zheng@aibicom

BACKGROUND & OBJECTIVE: Curcumin is the major eftaee component of curcuma, which is a kind of
traditional Chinese medicine. It has been paid nattiention to curcumin recently for its specifioleration
inhibition and apoptosis inducing effects on turoelts; however, the involved mechanisms were redrcIThis



study was designed to explore the apoptosis indugfifects of curcumin on human ovary A2780 cekland its
related molecular mechanisms.

METHODS: A2780 cancer cells were treated with 10s@mol/L curcumin for 6-24 h and the growth inhidoit
rates of A2780 cancer cells were measured by MTthaoae Cell apoptosis was inspected by flow cytosn@6CM)
and acridine orange-ethidium bromide fluoresceainsig method. The protein levels of NF-kappa BYPénd
Caspase-3 in cancer cells were observed by SP iwinsinchemistry.

RESULTS: The growth inhibition rates of the cancelts reached 62.05%-89.24%, with the peak of sub G
appeared on DNA histogram in FCM. Partial cellsspreed the characteristic morphological changegoptosis
under the fluorescent microscope; the apoptosés naere 21.5%-33.5%. The NF-kappa B (p65) expressas
decreased while Caspase-3 expression was increasieth, depended on the action time.

CONCLUSIONS: Curcumin could significantly inhibhe growth of ovary cancer cells; inducing apopttisisugh
up-regulating Caspase-3 and down-regulating exipress NF-kappa B was probably one of its molecular
mechanisms.

PMID: 12520734 [PubMed - indexed for MEDLINE]

Cell Stress Chaperones. 2001 Oct;6(4):368-76.

Induction of stress response renders human tumor ddines resistant to curcumin-mediated apoptosistole of
reactive oxygen intermediates.

Khar A, Ali AM, Pardhasaradhi BV, Varalakshmi CHpjam R, Kumari AL.
Centre for Cellular and Molecular Biology, Hyderdbéndia. khar@ccmb.ap.nic.in

Curcumin, a well-known dietary pigment derived fr@arcuma longa, has been shown to be a potent
antiinflammatory, antioxidant, and anticarcinogeswenpound. The present study was designed to ige¢stthe
cytotoxic potential of curcumin against a rangdoifan tumor cell lines in an attempt to undersigsmthechanism
of action, which may lead to its possible therajpeapplications. We have shown that different cared lines
differ in their sensitivity to curcumin. Cell linestablished from malignancies like leukemia, lyeadon,
hepatocellular, and ovarian carcinomas underwenptagis in the presence of curcumin, whereas ioels lfrom
lung, kidney, prostate, cervix, CNS malignanciesl melanomas showed resistance to the cytotoxectsfbf
curcumin. Sensitivity of the cancer cell lines toaumin correlated with the generation of superexiadicals as
determined by the reduction of ferricytochrome @raimin-resistant tumor cell lines showed signifiba higher
production of Hsp70, thus mounting a stress respans protecting the cells from the apoptotic delith. These
observations yield clues toward understanding ¢igelation of the cell death machinery by the stpgsteins.
Interestingly, curcumin had no effect on nontransied cell lines, which showed neither superoxideegation nor
the induction of a stress response. These obsengatiemonstrate that curcumin is an interestingeoubdé with
varied actions, depending on the cell type.

PMID: 11795474 [PubMed - indexed for MEDLINE]

J Nat Prod. 1998 Dec;61(12):1531-4.
Cytotoxicity of curcuminoids and some novel compoutts from Curcuma zedoaria.

Syu WJ, Shen CC, Don MJ, Ou JC, Lee GH, Sun CM.
Institute of Microbiology and Immunology, Nationéang-Ming University, Taipei.

Bioassay-directed fractionation of an EtOH ext@fcCurcuma zedoaria led to isolation of an activecaminoid,
which was identified as demethoxycurcumin (2) bgnparison of its 1H and 13C NMR spectra with literatdata
and by direct comparison with synthetic materialré@imin (1) and bisdemethoxycurcumin (3) were als@ined.
Curcuminoids (1-3) were synthesized and demonstrtatbe cytotoxic against human ovarian cancer ORGA
cells. The observed CD50 values of 1, 2, and 3 wete3.8, and 3.1 microg/mL, respectively. Thrdditonal



novel compounds, 3, 7-dimethylindan-5-carboxylialdd), curcolonol (5), and guaidiol (6), were alsolated
from the EtOH extract. The structures and relasiezeochemistry of 4-6 were determined by speabisc
methods and X-ray crystallographic analysis.

PMID: 9868158 [PubMed - indexed for MEDLINE]

Med Oncol. 2009 Oct 27. [Epub ahead of print]
Cell cycle inhibition and apoptosis induced by curamin in Ewing sarcoma cell line SK-NEP-1.

Singh M, Pandey A, Karikari CA, Singh G, Rakheja D.
All India Institute of Medical Sciences, New Delhidia, mansher4u@yahoo.com.

Curcumin is a naturally occurring polyphenolic carapd found in the turmeric, which is used as fodditave in
Indian cooking and as a therapeutic agent in it Indian medicine. Curcumin is currently underestigation
as a chemotherapeutic and chemopreventive ageduib cancer models at both pre-clinical and céihievels. In
this preliminary study, we show that curcumin ieefive in causing cell cycle arrest, inducing ajpsjs, and
suppressing colony formation in the Ewing sarcosialine SK-NEP-1. Curcumin causes upregulatioclefived
caspase 3 and downregulation of phospho-Akt, priadwupoptosis in Ewing sarcoma cells at an inhilgito
concentration 50% (IC50) of approximately 4 muMr@ndings indicate a need for further evaluatidrtiorcumin
in chemotherapy and chemoprevention of Ewing saecom

PMID: 19859844 [PubMed - as supplied by publisher]

Appl Biochem Biotechnol. 2009 Oct 18. [Epub aheagront]
Antifungal and Antiproliferative Activities of Lect in from the Rhizomes of Curcuma amarissima Roscoe.

Kheeree N, Sangvanich P, Puthong S, Karnchanatat A.
Program in Biotechnology, Faculty of Science, Clarigkorn University, Bangkok, 10330, Thailand.

A lectin was purified from the rhizomes of Curcuaraarissima Roscoe by aqueous extraction, fractammatith
80% saturated ammonium sulfate, and a combinafiaffiaity and gel chromatography on ConA Sepharase
Superdex G-75, respectively. The molecular maskeopurified lectin was 32.4 kDa, as estimateddadilam
dodecyl sulfate-polyacrylamide gel electrophoreBiee lectin showed no significant specificity ia &@bility to
hemagglutinate erythrocytes from human blood grd@p®, AB, and O), but for other animals, it ordgglutinated
rabbit and rat, and not mouse, guinea pig, googksheep erythrocytes. The lectin was stable ghd¢eatures
below 40 degrees C, but the hemagglutinating dgthalved when it was heated to 45-85 degrees Ghaasd
completely lost at 95 degrees C. The hemagglutigaittivity was more stable at 80 degrees C thd0 aegrees C
and was rapidly inactivated at 90 degrees C. livgldba maximum hemagglutination activity within {iid range of
8.0-11.0. The deduced amino acid sequence of amatttryptic peptide sequence of this purifiediteshowed
sequence similarity (homology) to other memberthefleucoagglutinating phytohemagglutinin precufaanily,
whilst the complete lectin inhibited the in vitrcogvth of three plant pathogenic fungi, Fusariumspgrum,
Exserohilum turicicum, and Colectrotrichum casda¢cat a concentration of 17.5 to 35 microg, anmagdd in vitro
cytotoxicity against the BT474 breast cancer ¢ed lvith an IC(50) of approximately 21.2 mug.

PMID: 19838861 [PubMed - as supplied by publisher]

Mol Biol Rep. 2009 Oct 15. [Epub ahead of print]
Curcumin modulates eukaryotic initiation factors in human lung adenocarcinoma epithelial cells.

Chen L, Tian G, Shao C, Cobos E, Gao W.



Department of Environmental Toxicology and Theitogt of Environmental and Human Health (TIEHH) xae
Tech University, Lubbock, TX, 79409, USA.

Curcumin, a polyphenolic compound, is the activengonent of Curcuma longa and has been extensively
investigated as an anticancer drug that modulatéspte pathways. Eukaryotic initiation factors s) have been
known to play important roles in translation iniiten, which controls cell growth and proliferatidrttle is known
about the effects of curcumin on elFs in lung canthle objective of this study was to exam the ammin cytotoxic
effect and modulation of two major rate-limitingislation initiation factors, including elF2alphadaelF4E protein
expression levels in lung adenocarcinoma epitheéilline A549. Cytotoxicity was measured by MT3@,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brods) assay and protein changes were determined kieviie
blot. A549 cells were treated with 0-240 muM curduror 4-96 h. The inhibitory effects of curcumin o
cytotoxicity were dose- and time-dependent (P ©0)0The 50% inhibitory curcumin concentrations508) at 24,
48, 72, and 96 h were 93, 65, 40, and 24 muM, miedy. Protein expressions of elF2alpha, elFAiqdpho-4E-
BP1 were down-regulated, while Phospho-elF2alpliaRirospho-elF4E were up-regulated after A549 eadie
treated with 20 and 40 muM curcumin for 24 h. lditidn, the effects of curcumin on these proteipression
changes followed a significant dose-response (RS, @rend test). These findings suggest that eaiteould
reduce cell viability through prohibiting the irition of protein synthesis by modulating elF2alphd elF4E.

PMID: 19826913 [PubMed - as supplied by publisher]

Mol Cell Biochem. 2009 Oct 14. [Epub ahead of grint
Multifocal signal modulation therapy of cancer: anéent weapon, modern targets.

Das T, Sa G, Saha B, Das K.
Division of Molecular Medicine, Bose Institute, P2 CIT Scheme VII M, Kolkata, 700054, India,
tanya@bic.boseinst.ernet.in.

Although safe in most cases, ancient treatmentigyaozed because neither their active componentshedr
molecular targets are well defined. This is notdhse, however, with curcumin, a yellow-pigmentstabce and
component of turmeric (Curcuma longa), which washidied more than a century ago. Recently, extensi
research has addressed the chemotherapeutic pbtrttis relatively nontoxic-plant-derived polygiol. Because
most cancers are caused by deregulation of as a®b@0 different genes, agents that target muljetee products
are needed for prevention and treatment of cairtéhis regard, curcumin has been reported to raneense
potentiality for being used in cancer chemotheta@sause of its control over the machineries ofsugival,
proliferation, invasion, and angiogenesis. The raa@dms implicated are diverse and appear to invalve
combination of cell signaling pathways at multifgeels. This review seeks to summarize the uniqukifocal
signal modulatory properties of the "ancient weapouarcumin, which may be exploited for successfirical
cancer prevention.

PMID: 19826768 [PubMed - as supplied by publisher]

Eur J Pharmacol. 2009 Oct 7. [Epub ahead of print]
Demethoxycurcumin suppresses migration and invasioaf MDA-MB-231 human breast cancer cell line.

Yodkeeree S, Ampasavate C, Aggarwal BB, Limtrakul P

Deparment of Biochemistry, Faculty of Medicine, &g Mai University, Chiang Mai 50200, Thailand; @kine
Research Laboratory, Department of Experimentaldpeutics, The University of Texas M.D. Andersom&a
Center, Houston, Texas 77030, USA.

Demethoxycurcumin (DMC) is one of the main actieenpounds of curcuminoids found in turmeric powdadrich
is used as a spice in Asian cooking and traditiomedicine. Recent studies reveal that DMC has aéb@logical
activities including anti-inflammation and anti-cz&n activities. However, the molecular mechanismvhich DMC



has anti-metastasis activity in breast cancer ceffgins poorly understood. Here, we report foffitise time that
DMC inhibited adhesion, migration and invasion dDR-MB-231 human breast cancer cells. For cancdr cel
migration and invasion, extracellular matrix (EC8gradation processes are required. MDA-MB-23k¢sdlated
with DMC had decreased levels of ECM degradaticsoeisited proteins including matrix metalloprotea&s
(MMP-9), membrane type-1 matrix metalloproteinadd {-MMP), urokinase plasminogen activator (uUPA) and
uPA receptor (UPAR), while the level of uPA inhdi{PAI-1) was up-regulated. Moreover, DMC alsousst] the
expression of intercellular adhesion molecule-1AG1) and chemokine receptor 4, (CXCR4), whichnigdlved
in modulation of the tumor metastasis process. & faund that DMC treatment inhibited the DNA himgl
activity of nuclear factor-kappa B (NF-kappaB), athis known to mediate the expression of MMPs, UHPAR,
ICAM-1, and CXCRA4. These findings strongly suggbat the mechanism of DMC-mediated anti-invasivivig
involves modulation of the expression of invasi@seaxiated proteins, possibly by targeting NF-kappaRDA-
MB-231 cells.

PMID: 19818349 [PubMed - as supplied by publisher]

Mol Pharmacol. 2009 Sep 24. [Epub ahead of print]

An Anticancer Effect of Curcumin Mediated by Down-regulating PRL-3 Expression on Highly Metastatic
Melanoma Cells.

Wang L, Shen Y, Song R, Sun Y, Xu J, Xu Q.
State Key Laboratory of Pharmaceutical Biotechngl®&ghool of Life Sciences, Nanjing University.

Phosphatase of regenerating live-3 (PRL-3) has beggested as a potential target for anti-caneegsdbased on
its involvement in tumor metastasis. However ditd known about small molecule inhibitor againRLFB. In this
study, we report that curcumin, the component efgpice turmeric, shows its anti-tumor effect biestavely
down-regulating the expression of PRL-3 but nofatsily members PRL-1 and -2 in a p53-independeayt.w
Curcumin inhibited the phosphorylation of Src atat3 partly through PRL-3 down-regulation. CellshaPRL-3
stably knocked down show less sensitivity of curtutreatment, which reveals that PRL-3 is the ugrgtream
target of curcumin. Curcumin treatment also remialgkarevented B16BL6 from invading the draining lyim
nodes in the spontaneous metastatic tumor modéthvidlikely of relevance to PRL-3 down-regulati@ur
results reveal a novel capacity of curcumin to daegulate oncogene PRL-3, raising its possibilityhierapeutic
regimen against malignant tumor.

PMID: 19779032 [PubMed - as supplied by publisher]

Int J Radiat Oncol Biol Phys. 2009 Oct 1;75(2):534-

Curcumin modulates the radiosensitivity of colorecal cancer cells by suppressing constitutive and inatible
NF-kappaB activity.

Sandur SK, Deorukhkar A, Pandey MK, Pab6on AM, Sh&)tGuha S, Aggarwal BB, Krishnan S.
Department of Experimental Therapeutics, The Usitgiof Texas M D Anderson Cancer Center, Houstof,
77030, USA.

PURPOSE: Radiation therapy is an integral parhefgreoperative treatment of rectal cancers. Howevdy a
minority of patients achieve a complete patholag&ponse to therapy because of resistance of tinesgs to
radiation therapy. This resistance may be medidyecbnstitutively active pro-survival signaling pafays or by
inducible/acquired mechanisms in response to riadigierapy. Simultaneous inhibition of these pathsvcan
sensitize these tumors to radiation therapy.

METHODS AND MATERIALS: Human colorectal cancer ceWere exposed to clinically relevant doses of gamm
rays, and the mechanism of their radioresistanceimeestigated. We characterized the transcrigfator nuclear



factor-kappaB (NF-kappaB) activation as a mechamitinducible radioresistance in colorectal carareat used
curcumin, the active ingredient in the yellow sptiseneric, to overcome this resistance.

RESULTS: Curcumin inhibited the proliferation ame fpost-irradiation clonogenic survival of multiglelorectal
cancer cell lines. Radiation stimulated NF-kappaBvay in a dose- and time-dependent manner, wigeogircumin
suppressed this radiation-induced NF-kappaB a@ivatia inhibition of radiation-induced phosphoryta and
degradation of inhibitor of kappaB alpha, inhibitiof inhibitor of kappaB kinase activity, and inhibn of Akt
phosphorylation. Curcumin also suppressed NF-kappgBlated gene products (Bcl-2, Bcl-x(L), inhilvitef
apoptosis protein-2, cyclooxygenase-2, and cyclij D

CONCLUSIONS: Our results suggest that transientiégitle NF-kappaB activation provides a prosurviesponse
to radiation that may account for development dfagesistance. Curcumin blocks this signaling pathand
potentiates the antitumor effects of radiation aipgr

PMID: 19735878 [PubMed - indexed for MEDLINE]

Biochem Pharmacol. 2009 Sep 6. [Epub ahead of]print

Design of curcumin-loaded PLGA nanoparticles formuhtion with enhanced cellular uptake, and increased
bioactivity in vitro and superior bioavailability i n vivo.

Anand P, Nair HB, Sung B, Kunnumakkara AB, Yadav, Vekmal RR, Aggarwal BB.
Cytokine Research Laboratory, Department of Expeniial Therapeutics, The University of Texas M.DdArson
Cancer Center, 1515 Holcombe Boulevard, Box 143jsttm, TX 77030, USA.

Curcumin, a yellow pigment present in the spicennic (Curcuma longa), has been linked with antart, anti-
inflammatory, antiproliferative, anticancer, anéibetic, antirheumatic, and antiviral effects, lsitptimum
potential is limited by its lack of solubility iqaeous solvents and poor oral bioavailability. Wepkyed a
polymer-based nanoparticle approach to improveuaitebility. Curcumin was encapsulated with 97.58icency
in biodegradable nanoparticulate formulation basegoly (lactide-co-glycolide) (PLGA) and a stabdi
polyethylene glycol (PEG)-5000. Dynamic laser lighattering and transmission electron microscogicated a
particle diameter of 80.9nm. This curcumin, renarimeth hereon "as curcumin (NP)", was characteripedts
biological activity. In vitro curcumin (NP) exhileitl very rapid and more efficient cellular uptakarttcurcumin.
Estrase staining revealed that curcumin (NP) wésaat as potent as or more potent than curcuniirdiuncing
apoptosis of leukemic cells and in suppressingferation of various tumor cell lines. When exanurigy
electrophoretic gel shift mobility assay, curcuriP) was more active than curcumin in inhibiting H-hhduced
NF-kappaB activation and in suppression of NF-k&spegulated proteins involved in cell proliferatigryclin
D1), invasion (MMP-9), and angiogenesis (VEGF)mlice, curcumin (NP) was more bioavailable and haahger
half-life than curcumin. Overall we demonstratet fizrcumin-loaded PLGA nanoparticles formulatios ha
enhanced cellular uptake, and increased bioaciivitytro and superior bioavailability in vivo oveurcumin.

PMID: 19735646 [PubMed - as supplied by publisher]

Ann N Y Acad Sci. 2009 Aug;1171:436-47.
Effect of curcumin on nuclear factor kappaB signalng pathways in human chronic myelogenous K562
leukemia cells.

Reuter S, Charlet J, Juncker T, Teiten MH, Dicatddderich M.
Laboratoire de Biologie Moléculaire et Cellulaine @ancer, Hopital Kirchberg, Luxembourg, Luxembourg
simone.reuter@Ilbmcc.lu

Curcumin, a natural product isolated from the plantcuma longa, has a diverse range of moleculgets that
influence numerous biochemical and molecular casza@urcumin has been shown to inhibit nucleaofdcppaB
(NF-kappaB) activation at several steps in the [dpgaB signaling pathways and thereby controls nouseNF-
kappaB-regulated genes involved in various disedsdke present study, we investigated the eff€curcumin



pretreatment on 84 tumor necrosis factor-alpha (BlRa)-activated genes of NF-kappaB pathways i6Xéells,
using a real-time PCR array. Our results showttlaaiscription of 29 NF-kappaB-related mRNAs wasidigantly
downregulated (CARD4, CCL2, CD40, CSF2, F2R, ICANKIBKB, IKBKE, IL1A, IL1B, IL6, IL8, IRAK2,
MALT1, MAP3K1, MYD88, NFKB1, NFKB2, NFKBIA, PPM1ARAF1, RELB, STAT1, TLR3, TNF,
TNFalphalP3, TNFSF10, and TICAM1), whereas 10 mRM#&se induced (AGT, CASP1, CSF3, FOS, IFNG,
IL10, TICAM2, TLR2, TLR9, and TNFRSF7). Western bimalysis of CD40, NFKB1 (p50), RELB, NFKBIA
(IkappaBalpha), and IL10 as well as an IL8 secretissay confirmed our results. Taken together hogshat
curcumin regulates an impressive number of NF-kBpgeenes within the different NF-kappaB signalinghpeays.

PMID: 19723087 [PubMed - indexed for MEDLINE]

Nutr Hosp. 2009 May-Jun;24(3):273-81.
Plant-derived health: the effects of turmeric and arcuminoids.

Bengmark S, Mesa MD, Gil A.
Institute of Hepatology, University College Londbtedical School, London.

Plants contain numerous polyphenols, which have Beewn to reduce inflammation and hereby to irsrea
resistance to disease. Examples of such polyphamelisothiocyanates in cabbage and broccoli, 8pagaechin in
green tee, capsaicin in chili peppers, chalonés amd naringenin in apples, resveratrol in redeaand fresh
peanuts and curcumin/curcuminoids in turmeric. Miiséases are maintained by a sustained discreebbious
increased systemic inflammation. Many studies ssigipat the effect of treatment can be improved by
combination of restriction in intake of proinflamtosy molecules such as advanced glycation end ptedAGE),
advanced lipoperoxidation end products (ALE), anold supply of antiinflammatory molecules such amnpl
polyphenols. To the polyphenols with a bulk of exmental documentation belong the curcuminoid faraitd
especially its main ingredient, curcumin. This esvisummarizes the present knowledge about these
turmericderived ingredients, which have provendsstyong antioxidants and inhibitors of cyclooxigser2 (COX-
2), lipoxygenase (LOX) and nuclear factor kappa\B-kappaB) but also AGE. A plethora of clinicalefts are
reported in various experimental diseases, buicelirstudies in humans are few. It is suggestetisinaply of
polyphenols and particularly curcuminoids mightviadue as complement to pharmaceutical treatmenglba
prebiotic treatment, in conditions proven to béeatherapy-resistant such as Crohn's, long-stagédnts in
intensive care units, but also in conditions suglkancer, liver cirrhosis, chronic renal diseabegmic obstructive
lung disease, diabetes and Alzheimer's disease.

PMID: 19721899 [PubMed - indexed for MEDLINE]

Biochem Pharmacol. 2009 Aug 12. [Epub ahead of]prin

Curcumin potentiates the antitumor effects of geme¢abine in an orthotopic model of human bladder caner
through suppression of proliferative and angiogenibdiomarkers.

Tharakan ST, Inamoto T, Sung B, Aggarwal BB, Kasistt

Department of Urology, The University of Texas M.Anderson Cancer Center, Houston, Texas, UnitateSt
Little progress has been made in the last threadiecin the treatment of bladder cancer. Noveltaghat are
nontoxic and can improve the current standard i othis disease are urgently needed. Curcunminngonent
of Curcuma longa (also called turmeric), is onehsagent that has been shown to suppress pathvdesl lto
oncogenesis, including cell survival, proliferatigmvasion and angiogenesis. We investigated whetlreumin
has potential to improve the current therapy fadder cancer, using an orthotopic mouse model.utuirc
potentiated the apoptotic effects of gemcitabiraizg} human bladder cancer 253JBV cells in culture.
Electrophoretic mobility shift assay revealed thiatcumin also suppressed the gemcitabine-inducidhtion of
the cell survival transcription factor NF-kappaB.dn orthotopic mouse model, bioluminescence intagrealed
that while curcumin alone significantly reduced th&dder tumor volume, maximum reduction was olegmwhen
curcumin was used in combination with gemcitabir€(.01 versus vehicle; P<0.01 versus gemcitabimeel
Curcumin also significantly decreased the proliieramarker Ki-67 and microvessel density (CD315{R®1
versus vehicle; P<0.01 versus gemcitabine along)maximum reduction occurred when it was combivétl



gemcitabine (P<0.01 versus vehicle; P<0.01versoxigabine alone). Curcumin abolished the constituti
activation of NF-kappaB in the tumor tissue; indiieg@optosis, and decreased cyclin D1, VEGF, COX+4Ryc
and Bcl-2 expression in the bladder cancer tisSwerall our results suggest that curcumin alonebébsh
significant antitumor effects against human bladdercer and it further potentiates the effectsamhigtabine,
possibly through the modulation of NF-kappaB sigmapathway.

PMID: 19682434 [PubMed - as supplied by publisher]

Mol Carcinog. 2009 Aug 12. [Epub ahead of print]

Curcumin-induced apoptosis in ovarian carcinoma cds$ is p53-independent and involves p38 mitogen-
activated protein kinase activation and downregulabn of Bcl-2 and survivin expression and Akt signang.

Watson JL, Greenshields A, Hill R, Hilchie A, Le&/PGiacomantonio CA, Hoskin DW.
Faculty of Medicine, Department of Surgery, Dallieugniversity, Halifax, Nova Scotia, Canada.

New cytotoxic agents are urgently needed for thatiment of advanced ovarian cancer because obtirdgng-
term response of this disease to conventional ctierapy. Curcumin, obtained from the rhizome ofcDuna
longa, has potent anticancer activity; howevernieehanism of curcumin-induced cytotoxicity in daarcancer
cells remains a mystery. In this study we show tliatumin exhibited time- and dose-dependent cytoity
against monolayer cultures of ovarian carcinomblicgls with differing p53 status (wild-type p53EHN,
OVCA429; mutant p53: OCCL; null p53: SKOV3). In #duh, p53 knockdown or p53 inhibition did not dimigh
curcumin killing of HEY cells, confirming p53-indepdent cytotoxicity. Curcumin also killed OVCA42thd
SKOV3 cells grown as multicellular spheroids. Naecleondensation and fragmentation, as well as DNA
fragmentation and poly (ADP-ribose) polymeraseehehge in curcumin-treated HEY cells, indicated dehth by
apoptosis. Procaspase-3, procaspase-8, and preesdpéeavage, in addition to cytochrome c releaskBid
cleavage into truncated Bid, revealed that curcusmtivated both the extrinsic and intrinsic pathsvayapoptosis.
Bax expression was unchanged but Bcl-2, surviviiosphorylated Akt (on serine 473), and total Aktave
downregulated in curcumin-treated HEY cells. Curtuaiso activated p38 mitogen-activated proteirakin
(MAPK) without altering extracellular signal-regtéd kinase 1/2 activity. We conclude that p53-iretefent
curcumin-induced apoptosis in ovarian carcinomés éelolves p38 MAPK activation, ablation of progial Akt
signaling, and reduced expression of the antiapiggtooteins Bcl-2 and survivin. These data provadmechanistic
rationale for the potential use of curcumin in tfeatment of ovarian cancer. (c) 2009 Wiley-Liss, |

PMID: 19676105 [PubMed - as supplied by publisher]

Anticancer Res. 2009 Aug;29(8):3185-90.
Curcumin inhibits proliferation of colorectal carci noma by modulating Akt/mTOR signaling.

Johnson SM, Gulhati P, Arrieta |, Wang X, UchidaGRo T, Evers BM.

Department of Surgery, The University of Texas MatiBranch, Galveston, TX 77550, USA.

BACKGROUND: Curcumin, a natural polyphenol proda€the plant Curcuma longa, has been shown toiinhib
the growth and progression of colorectal cancenewer, the anticancer mechanism of curcumin rentaihe
elucidated.

MATERIALS AND METHODS: Colorectal cancer cells wetreated with curcumin and changes in proliferagtion
protein and mRNA levels were analyzed.

RESULTS: Curcumin inhibited proliferation of colatal cancer cells. This effect was mediated byhition of
mammalian target of rapamycin (mTOR) signaling\ddenced by decreased phosphorylation of downstream
effectors of MTOR complex 1 (MTORC1), p70S6K aneBHEL. Curcumin decreased total expression of mTOR,
Raptor and Rictor protein and mRNA levels. Surpdst, curcumin induced phosphorylation of Akt(S&3% this
effect may be attributed to a decrease in leveth@PHLPP1 phosphatase, an inhibitor of Akt.



CONCLUSION: Our data suggest that curcumin, a mhitompound, may exert its antiproliferative eféeby
inhibition of MTOR signaling and thus may represenbvel class of MTOR inhibitor.

PMID: 19661333 [PubMed - indexed for MEDLINE]

Environ Health Perspect. 2009 Jul;117(7):1155-lE2009 Mar 23.

Diarylheptanoid phytoestrogens isolated from the mgicinal plant Curcuma comosa: biologic actions in iro
and in vivo indicate estrogen receptor-dependent nehanisms.

Winuthayanon W, Piyachaturawat P, Suksamrarn Agiatmongkol M, Arao Y, Hewitt SC, Korach KS.
Department of Physiology, Faculty of Science, Mahldniversity, Bangkok, Thailand.

BACKGROUND: Diarylheptanoids isolated from Curcug@mosa Roxb. have been recently identified as phyto
estrogens. However, the mechanism underlying Hwions has not yet been identified. OBJECTIVES: We
characterized the estrogenic activity of threevactiaturally occurring diarylheptanoids both inr@iand in vivo.

METHODS: We characterized mechanisms of estrogaetion of the diarylheptanoids (3S)-1,7-diphenyE®-
hepten-3-ol (D1), 1,7-diphenyl-(6E)-6-hepten-3-¢db&), and (3R)-1,7-diphenyl-(4E,6E)-4,6-heptadieat3D3)
by using a real-time polymerase chain reactionyassasnammalian transfection model, and a uteroitoaésay in
mice.

RESULTS: All diarylheptanoids up-regulated estrogesponsive genes in estrogen-responsive breasticeells
(MCF-7). In HepG2 cells transfected with estrogeceptor (ER) beta or different ERalpha functioealeptor
mutants and the Vit-ERE-TATA-Luc reporter gene ddirylheptanoids induced transcription througigarid-
dependent human ERalpha-ERE-driven pathway, whahabolished with ICI 182,780 (ER antagonist), wher
only D2 was active with ERbeta. An ERalpha mutanking the functional AF2 (activation function 2gion was
not responsive to 17beta-estradiol (E(2)) or to @fitye diarylheptanoids, whereas ERalpha lackiegAF1
domain exhibited wild-type-like activity. D3 markgdncreased uterine weight and proliferation of titerine
epithelium in ovariectomized mice, whereas D1 a2dn@re inactive. D3, like E(2), up-regulated laetoih (Ltf)
gene expression. The responses to D3 in the uteFresinhibited by ICI 182,780. In addition, D3 stilated both
classical (Agp5) and nonclassical (Cdknla) ER-ntedigene regulation.

CONCLUSIONS: The results suggest that the D3 dieagtanoid is an agonist for ER both in vitro andiiro, and
its biological action is ERalpha selective, speailly requiring AF2 function, and involves direéhbing via ER as
well as ERE-independent gene regulation.

PMID: 19654927 [PubMed - indexed for MEDLINE]

Menopause. 2009 Jul 22. [Epub ahead of print]

Curcumin delays development of medroxyprogesteronacetate-accelerated 7,12-dimethylbenz[a]anthracene-
induced mammary tumors.

Carroll CE, Benakanakere I, Besch-Williford C, Edieck MR, Hyder SM.
From the 1Department of Biomedical Sciences; 2Dalardiovascular Research Center; 3Department of
Pathology; and 4Agriculture Experiment Station, wémsity of Missouri, Columbia, MO.

OBJECTIVE:: Combined hormone therapy (HT) contain@strogen and progestin (medroxyprogesteronetaceta
[MPA]) leads to increased risk of breast cancgydstmenopausal women, compared with HT regimentairong
estrogen alone or placebo. We previously repofiatlibh animal models, progestins can acceleratdekielopment
of mammary tumors by increasing vascular endothgi@mwth factor (VEGF) levels. We furthermore shawthat
curcumin, an Indian spice derived from the turmeoiat, specifically inhibits MPA-induced VEGF setiom from



breast cancer cells in vitro. In the present studyjnvestigated whether curcumin inhibits 7,12-
dimethylbenz[a]anthracene (DMBA)-induced, MPA-aecated tumors in Sprague-Dawley rats.

METHODS:: On day 0, virgin female Sprague-Dawletg @ge, 55 d) were given DMBA (20 mg/rat). Sixigyd
timed-release pellets containing 25 mg MPA werelamizd into the rats on day 30. Curcumin was adstengéd
daily at a rate of 200 mg kg day from days 26 tpa@ animals were killed on day 52 (n = 15-19greup).

RESULTS:: Treatment with curcumin delayed the fiqgpearance of MPA-accelerated tumors by 7 daysedsed
tumor incidence by the end of the experiment, adiced tumor multiplicity in DMBA-induced MPA-aceehted
tumors. Curcumin also prevented many of the grastelbgical changes seen in the MPA-treated mammkatyd.
Immunohistochemical analyses of mammary tumors sha¥at curcumin decreased MPA-induced VEGF
induction in hyperplastic lesions, although it diot affect the levels of estrogen and progestereoeptors.

CONCLUSIONS: We suggest that curcumin be testemdistary chemopreventive agent in women already
exposed to MPA, in an effort to decrease or dedayrisk of breast cancer associated with combingd H
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Curcumin sensitizes human colorectal cancer to capiabine by modulation of cyclin D1, COX-2, MMP-9,
VEGF and CXCR4 expression in an orthotopic mouse nuel.

Kunnumakkara AB, Diagaradjane P, Anand P, Kuzhut#i, Deorukhkar A, Gelovani J, Guha S, Krishnan S,
Aggarwal BB.

Department of Experimental Therapeutics, The Usitgiof Texas M. D. Anderson Cancer Center, Houstot
77030, USA.

Because of the poor prognosis and the developnieasistance against chemotherapeutic drugs, thierdu
treatment for advanced metastatic colorectal caf@RC) is ineffective. Whether curcumin (a compdran
turmeric) can potentiate the effect of capecitalsigainst growth and metastasis of CRC was investigd he
effect of curcumin on proliferation of CRC celldis was examined by mitochondrial dye-uptake asgsptosis by
esterase staining, nuclear factor-kappaB (NF-kappgilectrophoretic mobility shift assay and gerpression by
Western blot analysis. The effect of curcumin omghowth and metastasis of CRC was also examined in
orthotopically implanted tumors in nude mice. Itr@j curcumin inhibited the proliferation of humarRC cell

lines, potentiated capecitabine-induced apoptodishited NF-kappaB activation and suppressed NpkB-
regulated gene products. In nude mice, the combmaf curcumin and capecitabine was found to beemo
effective than either agent alone in reducing tusatume (p = 0.001 vs. control; p = 0.031 vs. cétabine alone),
Ki-67 proliferation index (p = 0.001 vs. controBdamicrovessel density marker CD31. The combindtieatment
was also highly effective in suppressing ascitesdigtant metastasis to the liver, intestines, $ungctum and
spleen. This effect was accompanied by suppresgedssion of activated NF-kappaB and NF-kappaB{stgd
gene products (cyclin D1,c-myc, bcl-2, bel-xL, clAPCOX-2, ICAM-1, MMP-9, CXCR4 and VEGF). Overall,
our results suggest that curcumin sensitizes CR@et@ntitumor and antimetastatic effects of capbiie by
suppressing NF-kappaB cell signaling pathway. 2UICC.
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Anti-inflammatory properties of curcumin, a major c onstituent of Curcuma longa: a review of preclinich
and clinical research.

Jurenka JS.
Thorne Research, Inc. jjurenka@thorne.com



Curcuma longa (turmeric) has a long history of insByurvedic medicine as a treatment for inflamnmgto
conditions. Turmeric constituents include the the@ecuminoids: curcumin (diferuloylmethane; thenpairy
constituent and the one responsible for its vibyatibw color), demethoxycurcumin, and bisdemetlmaxgumin,
as well as volatile oils (tumerone, atlantone, aingiberone), sugars, proteins, and resins. Whilaerous
pharmacological activities, including antioxidantlsantimicrobial properties, have been attributedurcumin, this
article focuses on curcumin's anti-inflammatorygendies and its use for inflammatory conditionsrcCunin's
effect on cancer (from an anti-inflammatory persiweg will also be discussed; however, an exhaestéwview of
its many anticancer mechanisms is outside the sobibes article. Research has shown curcumin ta highly
pleiotropic molecule capable of interacting wittnmerous molecular targets involved in inflammatiBased on
early cell culture and animal research, clinicall¢rindicate curcumin may have potential as aabeuntic agent in
diseases such as inflammatory bowel disease, it earthritis, and chronic anterior uveitis,vesll as certain
types of cancer. Because of curcumin's rapid plade@ance and conjugation, its therapeutic usefdmas been
somewhat limited, leading researchers to invesita benefits of complexing curcumin with othelostances to
increase systemic bioavailability. Numerous in-pesg clinical trials should provide an even deeglerstanding
of the mechanisms and therapeutic potential ofuranc.
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Curcumin and cancer cells: how many ways can curr¥ill tumor cells selectively?

Ravindran J, Prasad S, Aggarwal BB.
Cytokine Research Laboratory, Department of Expenital Therapeutics, The University of Texas MD Atsde
Cancer Center, Houston, TX 77030, USA.

Cancer is a hyperproliferative disorder that isaligureated by chemotherapeutic agents that aie twt only to
tumor cells but also to normal cells, so these tsgemduce major side effects. In addition, thegengs are highly
expensive and thus not affordable for most. Moreostech agents cannot be used for cancer preveitiaditional
medicines are generally free of the deleterious sitects and usually inexpensive. Curcumin, a ampt of
turmeric (Curcuma longa), is one such agent thsafs, affordable, and efficacious. How curcumifskumor cells
is the focus of this review. We show that curcumiodulates growth of tumor cells through regulattdmultiple
cell signaling pathways including cell proliferatipathway (cyclin D1, c-myc), cell survival pathw@cl-2, Bcl-
xL, cFLIP, XIAP, c-IAP1), caspase activation patlywaaspase-8, 3, 9), tumor suppressor pathway (B3, death
receptor pathway (DR4, DR5), mitochondrial pathwaysl protein kinase pathway (JNK, Akt, and AMPKaw
curcumin selectively kills tumor cells, and not mad cells, is also described in detail.
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