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(57) ABSTRACT 

The present invention provides methods of inhibiting 
metastasis of a tumor and methods of treating a tumor using 
a combination of an inhibitor of the activation of nuclear 
factor NF-KB and a cancer chemotherapeutic agent. In one 
embodiment of the present invention, combination of cur 
cumin and paclitaxel (taxol) can be used to treat and inhibit 
metastasis of breast tumor. 
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SYNERGISTC EFFECTS OF NUCLEAR 
TRANSCRIPTION FACTOR NF-KB INHIBITORS 

AND ANTI-NEOPLASTIC AGENTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This non-provisional patent application claims 
benefit of provisional patent application 60/375,288, filed 
Apr. 24, 2002, now abandoned. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to the field 
of cancer treatment. More specifically, the present invention 
relates to the unexpected synergistic effects of nuclear 
transcription factor NF-kB inhibitors and anti-neoplastic 
agents in the treatment of cancer. 
0004 2. Description of the Related Art 
0005) Every year breast cancer is diagnosed in 910,000 
women worldwide, and 376,000 women die from the disease 
(1). Most of these cases are in industrialized countries with 
180,000 in North America and 220,000 in Europe. The 
highest reported rates of breast cancer incidence are for 
white or Hawaiian women in the United States and the rates 
in Africa and Asia are significantly lower (1). Immigrants 
from low-risk to high-risk regions experience rates of breast 
cancer incidence approaching those of the host country, 
Suggesting lifestyle is the major contributor to the develop 
ment of the disease. Only 5% of the cases have been 
assigned to inherited mutations in genes such as BRCA1 and 
BRCA2, while diet and environment may be responsible for 
as many as 50% of breast cancers (2). 
0006 Although the precise nature of the lifestyle risk 
factors causative for breast cancer are unknown, some of the 
known ones are age, race, ethnicity, hormones, and dietary 
factors (3, 4). Epidemiological and animal studies have 
shown that different microchemicals present in the diet 
could be effective agents for the prevention of cancer 
incidence and mortality (2,5-6). 
0007. The induction of most cancers, for example breast 
cancer, is a multistep process initiated with DNA damage 
and followed by alteration of different signaling pathways. 
Usually, at the initial stages, breast cancer is hormone 
dependent, relying on natural Steroids. In later stages, how 
ever, growth of breast cancer becomes hormone-indepen 
dent (7). Approximately 40% of the patients diagnosed with 
breast cancer have disease that has regional or distant 
metastases and, at present, there is no efficient curative 
therapy for breast cancer patients with advanced metastatic 
disease. 

0008 Paclitaxel (taxol), derived from the Pacific yew 
tree, is the first taxane used in clinical practice, and has 
shown a significant amount of anti-tumor activity in patients 
with breast cancer, ovarian cancer, head and neck cancer, 
non-Small-cell lung cancer and sarcoma (8, 9). Taxanes 
represent a new class of antitumor agents that exert their 
action by promoting tubulin polymerization and microtubule 
assembly. Paclitaxel has been shown to induce in vitro 
apoptosis in various breast tumor cell lines and the degree of 
apoptosis inversely correlates with expression of HER2 in 
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these cell lines (10, 11). How paclitaxel induces apoptosis is 
not fully understood (12), but a number of apoptosis 
associated genes that either suppress, activate or mediate 
apoptosis are affected by paclitaxel. Tyrosine phosphoryla 
tion (13), microtubule assembly (14), bcl-2 phosphorylation 
(15), bcl-Xl (16), p21, and p53 (17) have been implicated. 
0009. In addition to activating the apoptosis pathway, 
paclitaxel also simultaneously activates the anti-apoptotic 
pathway through induction of NF-kB in macrophages (18), 
ovarian cells (19), lung cancer cells (20), and breast tumor 
cells (21). The NF-KB activation by paclitaxel leads to the 
expression of various genes including interleukin-8 (19, 20), 
IL-1, and TNF (22). Expression of IL-8 can either enhance 
growth as in the case of melanoma (23), or promote angio 
genesis as in the case of human lung carcinoma (24). Several 
groups have shown that NF-kB activation could lead to 
Suppression of apoptosis (25-28). Paclitaxel-induced apop 
tosis in leukemia cells is Suppressed by the activation of 
NFKB (28). NF-kB has been shown to directly activate the 
expression of bcl-Xl (29), and bcl-X1 over-expression has 
been shown to suppress paclitaxel-induced apoptosis. Pacli 
taxel is also known to activate JNK and AP-1, which could 
contribute to its anti-apoptotic pathway (30). 
0010 NF-kB plays an essential role in the development 
and progression of breast cancer. Animal studies suggest the 
presence of constitutively active NF-kB at an early stage 
during neoplastic transformation of mammary cells (31). 
NF-kB inhibits apoptosis in mouse mammary epithelia (32) 
and selective activation of NF-kB subunits have been found 
in human breast cancer cell lines and patient samples (33. 
34). An inverse correlation between the levels of NF-kB 
activation and estrogen receptor expression has been 
reported (35) and inhibition of NF-kB in breast cancer cells 
induces spontaneous apoptosis (32, 34). Paclitaxel-induced 
sensitivity of breast cancer cell lines was enhanced by an 
NF-kB inhibitor, parthenolide (36,37). The Mullerian inhib 
iting Substance was also found to inhibit breast cancer 
growth through NF-kB mediated pathway (38). Further 
more, the transactivation function of NF-kB is negatively 
regulated by IKB B1 in breast cancer cell lines (37). Lastly, 
overexpression of HER2/neu can activate NF-kB through 
the activation of Akt pathway and block apoptosis (39). All 
these reports together suggest that NF-KB may play an 
important role in breast cancer. 
0011 Curcumin (diferuloylmethane), a non-nutritive 
food chemical present in turmeric (Curcuma longa), has 
been found to be pharmacologically safe as indicated by 
consumption of curcumin as a dietary spice for centuries at 
doses up to 100 mg/day (40). Curcumin has been shown to 
block tumor initiation induced by benzo a pyrene and 7, 12 
dimethylbenza anthracene (41) and to suppress phorbol 
ester-induced tumor promotion (42, 43). Curcumin was 
found to Suppress carcinogenesis of skin (43-47), forestom 
ach (48, 49), colon (50-52), and liver (53) in mice. Curcumin 
has also been shown to Suppress mammary carcinogenesis 
(54-56). Curcumin exhibits a number of characteristics that 
indicate curcumin would have potent chemopreventive 
activity. These characteristics are set forth below. 
Curcumin Exhibits Antiproliferative Effects against Tumor 
Cells 

0012 Curcumin has been shown to inhibit the prolifera 
tion of a wide variety of tumor cells including B cell and T 
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cell leukemia (57-60), colon carcinoma (61), and epider 
moid carcinoma (62). It has also been shown to Suppress the 
proliferation of various breast carcinoma cell lines in culture 
(63-65). Growth of the breast tumor cell lines BT20, 
SKBR3, MCF-7, T47D, and ZR75-1 were completely inhib 
ited by curcumin as indicated by MTT dye uptake, thymi 
dine incorporation, and clonogenic assay (63). Curcumin 
can overcome adriamycin resistance in MCF-7 cells (63). 
Recently, curcumin was shown to activate caspase-8 which 
leads to cleavage of BID, thus resulting in sequential release 
of mitochondrial cytochrome C and activation of caspase-9 
and caspase-3 (66). 

Curcumin Downregulates the Activity of EGFR and Expres 
Sion of HER2/neu. 

0013 Effects on HER2/neu and EGFR may represent one 
possible mechanism by which curcumin Suppresses the 
growth of breast cancer cells. Almost 30% of the breast 
cancer cases have been shown to overexpress the HER2/neu 
protooncogene (67), and both HER2 and EGF receptors 
stimulate proliferation of breast cancer cells. Overexpres 
sion of these two proteins correlates with progression of 
human breast cancer and poor patient prognosis (67). Cur 
cumin has been shown to downregulate the activity of EGFR 
(62. 68) and HER2/neu (69) and to deplete the cells of 
HER2/neu protein (69). Additionally, curcumin can down 
regulate bcl-2 expression, which may contribute to its anti 
proliferative activity (70). 

Curcumin Downregulates the Activation of Nuclear Factor 
KB 

0014 Curcumin may also operate through NF-kB. 
NF-kB is a nuclear transcription factor required for the 
expression of genes involved in cell proliferation, cell inva 
Sion, metastasis, angiogenesis, and resistance to chemo 
therapy (71). This factor is activated in response to inflam 
matory stimuli, carcinogens, tumor promoters, and hypoxia 
which is frequently encountered in tumor cells (72). Acti 
vated NF-kB suppresses apoptosis in a wide variety of 
tumor cells (25-27), and it has been implicated in chemore 
sistance (25). Cells that overexpress NF-kB are resistant to 
paclitaxel-induced apoptosis (28). Furthermore, the consti 
tutively active form of NF-kB has been reported in human 
breast cancer cell lines in culture (35), carcinogen-induced 
mouse mammary tumors (73), and biopsies from patients 
with breast cancer (33). Various tumor promoters, including 
phorbol ester, TNF and H2O activate NF-KB and that 
curcumin downregulates the activation (74). Subsequently, 
others showed that curcumin-induced downregulation of 
NF-kB is mediated through suppression of IKBOkinase 
activation (75, 76). 

Curcumin Downregulates the Activation of AP-1 and c-jun 
Kinase 

0.015 AP-1 is another transcription factor that has been 
closely linked with proliferation and transformation of 
tumor cells (77). The activation of AP-1 requires the phos 
phorylation of c-jun through activation of stress-activated 
kinase c-jun N-terminal kinase (JNK) (78). The activation of 
JNK is also involved in cellular transformation (79). Cur 
cumin has been shown to inhibit the activation of AP-1 
induced by tumor promoters (80) and JNK activation 
induced by carcinogens (81). 
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Curcumin Suppresses the Induction of Adhesion Molecules 
0016. The expression of various cell surface adhesion 
molecules such as ICAM-1, VCAM-1 and ELAM-1 on 
endothelial cells are absolutely critical for tumor metastasis 
(82). The expression of these molecules is in part regulated 
by nuclear factor NF-kB (83). Treatment of endothelial cells 
with curcumin blocks the cell surface expression of adhesion 
molecules and this accompanies the Suppression of tumor 
cell adhesion to endothelial cells (84). Downregulation of 
these adhesion molecules is mediated through the down 
regulation of NF-kB activation (84). 
Curcumin Downregulates Cox2 Expression 
0017. Overexpression of cyclooxygenase (COX)-2 has 
been shown to be associated with a wide variety of cancers, 
including colon (85), lung (86), and breast (87) cancers. The 
role of COX2 in suppression of apoptosis and tumor cell 
proliferation has been demonstrated (88). Furthermore, cele 
brex, a specific inhibitor of COX2, has been shown to 
Suppress mammary carcinogenesis in animals (89). Several 
groups have shown that curcumin downregulates the expres 
sion of COX2 protein in different tumor cells (76.90), most 
likely through the downregulation of NF-kB activation (76), 
which is needed for COX2 expression. 
Curcumin Inhibits Angiogenesis 
0018 For most solid tumors, including breast cancer, 
angiogenesis (blood vessel formation) is essential for tumor 
growth and metastasis (91). The precise mechanism that 
leads to angiogenesis is not fully understood, but growth 
factors that cause proliferation of endothelial cells have been 
shown to play a critical role in this process. Curcumin has 
been shown to Suppress the proliferation of human vascular 
endothelial cells in vitro (92) and abrogate FGF-2-induced 
angiogenic response in Vivo (93), thus suggesting curcumin 
is also an antiangiogenic factor. Indeed curcumin has been 
shown to Suppress angiogenesis in vivo (94). 
Curcumin Suppresses the Expression of Matrix Metallopro 
tease (MMP)-9 and Inducible Nitric Oxide Oxidase (Inos) 
0.019 MMP-9 is one of the proteases that has been shown 
to be regulated by NF-kB activation (96), and curcumin has 
been shown to Suppress its expression (96). Curcumin has 
also been demonstrated to downregulate iNOS expression, 
also regulated by NF-kB and involved in tumor metastasis 
(97). All these observations suggest that curcumin must have 
anti-metastatic activity. Indeed, there is a report suggesting 
that curcumin can inhibit tumor metastasis (98). 
Curcumin Downregulates Cyclin D1 Expression 
0020 Cyclin D1, a component subunit of cyclin-depen 
dent kinase (Cdk)-4 and Cdk6, is rate limiting in progression 
of cells through the first gap (G1) phase of the cell cycle. 
Aberrant overexpression of cyclin D1 is associated with 
breast cancer formation, with cyclin D1 mRNA overex 
pressed in 70-100% of breast cancer cell lines and the 
majority of breast cancers (99). Targeted overexpression of 
cyclin D1 induced mammary adenocarcinoma (100), and 
transgenic mice lacking both cyclin D1 alleles failed to 
develop normal mammary glands (101). Furthermore cyclin 
D1 is required for transformation by activated HER2/neu 
(102). Antisense to cyclin D1 has been shown to induce 
apoptosis (103). Thus cyclin D1 downregulation has been 
Suggested as one of the target for the treatment of breast 
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cancer. Retinoic acid, a chemopreventive agent, has been 
shown to diminish cyclin D1 protein but not the mRNA 
through post-translational regulation (104). Expression of 
cyclin D1 is also regulated through NF-kB (105). Recent 
studies indicate that curcumin can rapidly downregulate the 
expression of cyclin D1 at the transcriptional and post 
transcriptional level, and this may contribute to the antipro 
liferative effects of curcumin against various cell types. 
0021. The prior art is deficient in clinical strategies that 
augment the therapeutic efficacy of existing antineoplastic 
agents against cancer with a NF-KB-blocking chemopreven 
tive agent. The present invention fulfills this long standing 
need and desire in the art by demonstrating the efficacy of a 
combination therapy approach involving an NF-KB blocker 
Such as curcumin. 

SUMMARY OF THE INVENTION 

0022. It is an object of the present invention to demon 
strate synergistic effects of nuclear transcription factor 
NF-kB inhibitors and anti-neoplastic agents in inhibiting 
tumor growth and metastasis. In one embodiment of the 
present invention, Synergistic effects of curcumin and the 
chemotherapeutic agent paclitaxel (taxol) in inhibiting 
tumor growth and metastasis are disclosed. Curcumin blocks 
paclitaxel-induced NF-kB activation in breast cancer cells. 
Furthermore, curcumin augments paclitaxel-induced apop 
tosis in breast cancer cells and enhances the therapeutic 
effects of paclitaxel against breast cancer by inhibiting 
breast cancer metastasis in vivo. 

0023. In one embodiment of the present invention, there 
is provided a method of inhibiting metastasis of a tumor and 
a method of treating a tumor in an individual in need of Such 
treatment, comprising the step of administering to said 
individual a pharmacologically effective dose of an inhibitor 
of the activation of nuclear factor NF-kB and a cancer 
chemotherapeutic agent. 

0024. In another embodiment of the present invention, 
there are provided a method of inhibiting metastasis of a 
tumor and a method of treating a tumor in an individual in 
need of such treatment, comprising the step of administering 
to said individual a pharmacologically effective dose of 
curcumin and a cancer chemotherapeutic agent. 
0025. In yet another embodiment of the present inven 
tion, there are provided a method of inhibiting metastasis of 
breast tumor and a method of treating breast tumor in an 
individual in need of Such treatment, comprising the step of 
administering to said individual a pharmacologically effec 
tive dose of curcumin and a cancer chemotherapeutic agent. 
0026. Other and further aspects, features, and advantages 
of the present invention will be apparent from the following 
description of the presently preferred embodiments of the 
invention. These embodiments are given for the purpose of 
disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 So that the matter in which the above-recited 
features, advantages and objects of the invention as well as 
others which will become clear are attained and can be 
understood in detail, more particular descriptions and certain 
embodiments of the invention briefly summarized above are 
illustrated in the appended drawings. These drawings form 
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a part of the specification. It is to be noted, however, that the 
appended drawings illustrate preferred embodiments of the 
invention and therefore are not to be considered limiting in 
their scope. 

0028 FIG. 1 shows the effect of paclitaxel (Taxol) on 
NF-kB activation. MCF-7 cells (1x10 cells/ml) were incu 
bated with Taxol (30 uM) for different time periods and 
tested for NF-KB activation. Cells treated with 0 and 0.1 nM 
TNF were included as negative and positive control respec 
tively. 

0029 FIG. 2 shows curcumin downregulates taxol 
induced NF-kB induction in human breast adenocarcinoma 
MCF-7 cells. One million MCF-7 cells were pretreated with 
the indicated doses of curcumin for 2 hrs and then treated 
with taxol at 30 uM concentration for 12 hrs. Nuclear extract 
was prepared and EMSA performed using 8 Jug of nuclear 
protein. 

0030 FIG. 3 shows the effect of curcumin on TNF 
dependent NF-kB activation. MDA-MB 435 cells (1.5x10° 
cells/ml) were preincubated at 37° C. for 4 h with different 
concentrations (0 to 50 uM) of curcumin followed by 30 min 
incubation with 0.1 nMTNF. MCF-7 cells treated with 0 and 
0.1 nM TNF was included as negative and positive control. 

0031 FIG. 4 shows that curcumin potentiates the cyto 
toxic effects of taxol against human breast cancer MCF-7 
cells. 5000 cells were incubated with taxol (10 uM) in the 
presence and absence of curcumin (10 uM) for 72 hand then 
examined for cell viability by the MTT method. 

0032 FIG. 5 shows that shows that curcumin potentiates 
the effect of paclitaxel by Suppressing the metastasis of the 
human breast cancer to the lung in a mouse Xenograft model. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0033. It will be apparent to one skilled in the art that 
various Substitutions and modifications may be made to the 
invention disclosed herein without departing from the scope 
and spirit of the invention. 

0034). As used herein, the term “nuclear factor NF-kB” or 
“NF-kB” shall refer to the protein specific to B cells that 
binds to a specific DNA sequence (5'-GGGGACTTTCC-3') 
within the immunoglobin light chain K locus enhancer 
region, and in mammals it is a heterodimer consisting of p50 
and p65 (Rel-A) proteins. NF-kB plays a role in various 
responses, leading to host defense through rapid induction of 
gene expression, and controls the expression of various 
inflammatory cytokines, the major histocompatibility com 
plex genes, and adhesion molecules involved in tumor 
metastasis. 

0035). As used herein, the term “therapeutically effective 
amount of an agent shall refer to an amount of that agent 
which is physiologically significant and improves an indi 
viduals health. An agent is “physiologically significant' if 
its presence results in a change in the physiology of the 
recipient human. For example, in the treatment of a patho 
logical condition, administration of an agent that relieves or 
arrests further progress of the condition would be considered 
both physiologically significant and therapeutically effec 
tive. 
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0.036 For the therapeutic applications, a person having 
ordinary skill in the art of molecular pharmacology would be 
able to determine, without undue experimentation, the 
appropriate dosages and routes of administration of the 
inhibitors of the activation of NF-kB useful in the methods 
of the present invention. 
0037. It is an object of the present invention to demon 
strate synergistic effects of nuclear transcription factor 
NF-kB inhibitors and anti-neoplastic agents in inhibiting 
tumor growth and metastasis. Representative NF-kB inhibi 
tors include curcumin, CAPE, capsaicin, sanguinarin, 
PTPase inhibitors, lapachone, resveratrol, Vesnarinone, 
leflunomide, anethole, PI3 kinase inhibitors, oleanderin, 
emodin, serine protease inhibitors, protein tyrosine kinase 
inhibitors, thalidomide and methotrexate. 
0038. In one embodiment of the present invention, syn 
ergistic effects of curcumin and the chemotherapeutic agent 
paclitaxel (taxol) in inhibiting tumor growth and metastasis 
are disclosed. Curcumin blocks paclitaxel-induced NF-kB 
activation in breast cancer cells. Furthermore, curcumin 
augments paclitaxel-induced apoptosis in breast cancer cells 
and enhances the therapeutic effects of paclitaxel against 
breast cancer by inhibiting breast cancer metastasis in vivo. 
One of ordinary skill in the art would recognize that the 
synergistic effects of curcumin and paclitaxel disclosed 
herein could readily be extended to other NF-kB inhibitors 
and chemotherapeutic agents, and NF-kB inhibitors besides 
curcumin can be used to manifest the same synergistic 
effects in inhibiting tumor growth and metastasis. 
0.039 The present invention is directed to a method of 
inhibiting metastasis of a tumor and a method of treating a 
tumor in an individual in need of such treatment, comprising 
the step of administering to said individual a pharmacologi 
cally effective dose of an inhibitor of the activation of 
nuclear factor NF-KB and a cancer chemotherapeutic agent. 
Representative inhibitors of the activation of nuclear factor 
NF-KB include curcumin, CAPE, capsaicin, sanguinarin, 
PTPase inhibitors, lapachone, resveratrol, Vesnarinone, 
leflunomide, anethole, PI3 kinase inhibitors, oleanderin, 
emodin, serine protease inhibitors, protein tyrosine kinase 
inhibitors, thalidomide and methotrexate. Generally, the 
curcumin is administered in a dose of from about 100 mg/kg 
to about 1000 mg/kg. Representative tumors which can be 
treated using this method include breast tumor, prostate, 
melanoma, pancrease, colon, leukemia and multiple 
myeloma. Representative cancer chemotherapeutic agents 
which may be used in this method include paclitaxel, 
gemcitabin, 5-Flurouracil, etoposide, cisplatin, campoth 
ecin, Vincristine and doxorubicin. 

0040. The present invention is also directed to a method 
of inhibiting metastasis of a tumor and a method of treating 
a tumor in an individual in need of Such treatment, com 
prising the step of administering to said individual a phar 
macologically effective dose of curcumin and a cancer 
chemotherapeutic agent. Representative tumors which can 
be treated using this method and representative cancer 
chemotherapeutic agents that may be used in this method are 
listed above. 

0041. The present invention is also directed to a method 
of inhibiting metastasis of a breast tumor and a method of 
treating breast tumor in an individual in need of Such 
treatment, comprising the step of administering to said 
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individual a pharmacologically effective dose of curcumin 
and a cancer chemotherapeutic agent. Representative cancer 
chemotherapeutic agents that may be used in this method are 
listed above. 

0042. The following examples are given for the purpose 
of illustrating various embodiments of the invention and are 
not meant to limit the present invention in any fashion. 

EXAMPLE 1. 

Paclitaxel-Induced NF-kB Activation in Breast Cancer Cell 

0043. To demonstrate that curcumin inhibits paclitaxel 
induced NF-kB activation in breast cancer cells, it is essen 
tial to know how paclitaxel activates NF-kB. Although 
several reports have demonstrated that paclitaxel activates 
NF-kB in different cell types, the mechanism is not under 
stood (18-21). While most reports showed NF-kB activation 
by paclitaxel within 30 minutes (18-20), a recent report 
showed activation at 12 hours (21). Whether paclitaxel 
induced NF-kB activation occurs through the activation of 
IKBO. kinase (IKK) and phosphorylation of IKBC. is also not 
known. 

0044) The upstream signaling elements to IKK through 
which paclitaxel activates NF-kB are known. TNF-induced 
NF-kB activation is mediated through sequential recruit 
ment of the TNF receptor, TRADD, TRAF2, NIK and IKK 
(106). Different agents activate NF-kB through different 
mechanisms (107). For instance, TNF-induced NFKB acti 
vation requires phosphorylation of Ikbo. at serine 32 and 36, 
pervanadate-induced NF-kB activation requires tyrosine 42 
phosphorylation of Ikbo (107). Whether paclitaxel-induced 
NF-kB activation follows a similar pathway has not been 
established. All this information is essential to establish 
whether curcumin blocks paclitaxel-induced NF-kB activa 
tion and how curcumin blocks the activation. There are 
reports to suggest that the mechanism may vary from one 
cell type to another (108). 

0045. To examine the effect of paclitaxel on activation of 
NF-kB and IKBO. phosphorylation and degradation in breast 
cancer cell lines, human breast adenocarcinoma MCF-7 
cells can be treated with increasing concentrations of pacli 
taxel for different time periods. Nuclear and cytoplasmic 
extracts can then be prepared as previously described (109). 
The nuclear extracts can be analyzed for NF-KB by electro 
phoretic mobility shift assay (EMSA) as shown in FIG. 1, 
and cytoplasmic extracts can be analyzed for IKBC. phos 
phorylation and degradation as previously described (109. 
110). The cytoplasmic extracts can also be analyzed for the 
activation of IKK using an immune complex kinase assay as 
described (110). The activation of NF-kB can also be 
examined by using NF-KB-dependent reporter gene tran 
scription as previously described (111). Whether paclitaxel 
induced NF-kB activation is inhibited by plasmids contain 
ing dominant-negative form of TRAF2, NIK, IKK or IKBa 
can also be examined using methodology well known to one 
of ordinary skill in the art. These experiments would provide 
Sufficient information about the mechanism of paclitaxel 
induced NF-kB activation in breast cancer cells. 
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EXAMPLE 2 

Suppression of Paclitaxel-Induced NF-kB Activation by 
Curcumin 

0046 Curcumin suppresses NF-kB activation induced by 
TNF, H2O and phorbol ester in myeloid (74) and endothe 
lial cells (84). Different agents activate NF-kB through 
different mechanisms (106-108). Curcumin blockade pacli 
taxel-induced NF-kB activation in breast cancer cells has 
not been shown before. 

0047 Human breast adenocarcinoma MCF-7 cells were 
pretreated with either media or different concentrations of 
curcumin (1-100 uM) for 2 hand then treated with paclitaxel 
for NF-KB activation. The nuclear extracts were prepared 
and analyzed by EMSA. The specificity of NF-KB can be 
examined by Supershift analysis using antibodies against 
p50 and p65 subunits of NF-kB as described (109). As 
shown in FIG. 2. curcumin downregulated paclitaxel-in 
duced NF-kB induction in MCF-7 cells in a dose dependent 
manner. Curcumin also inhibited TNF-dependent NF-KB 
activation in MDA-MB 435 cells (FIG. 3). 

EXAMPLE 3 

Suppression of Constitutive NF-kB Activation in Breast 
Cancer Cell Lines by Curcumin 
0.048 Several breast cancer lines are known to express 
constitutively active NF-kB. These include MDA-MB-436, 
HBL100, MDA-MB-468, MDA-MB-231 and MDA-MB 
435 with highest expression: SK-BR-3 and ZR-75-1 with 
intermediate expression; and T47D and MCF-7 with lowest 
constitutive expression (34,35). 
0049 Curcumin suppression of NF-kB in these cells can 
be examined by incubating the cells with curcumin at 
different concentrations and for different times. Their 
nuclear extracts can then be analyzed for NF-kB by EMSA. 

EXAMPLE 4 

The Mechanism by which Curcumin Suppresses Paclitaxel 
Induced or Constitutive NF-kB Activation 

0050 Curcumin suppresses TNF-induced NF-kB activa 
tion through suppression of IKBa degradation (74). Others 
have shown that this suppression of NF-KB activation is 
mediated through suppression of IKK (75, 76), the kinase 
needed for IKBO. phosphorylation. It is not known whether 
curcumin Suppresses paclitaxel-induced NF-KB activation 
through similar mechanisms. 
0051 Whether curcumin suppresses paclitaxel-induced 
NF-kB activation in breast cancer cell lines through sup 
pression of IKBC, phosphorylation and degradation can be 
examined as follows. MCF-7 cells untreated or treated with 
curcumin can be activated for NF-KB with paclitaxel for 
different times, then their cytoplasmic extracts can be ana 
lyzed for degradation of IKBC. by western blot analysis using 
IKBC.-specific antibodies and for phosphorylated IKBC. by 
western blot using phospho-IKBC.-specific antibodies. IKK 
activity can be examined in the same cytoplasmic extracts as 
prepared above using immune complex kinase. Where in the 
paclitaxel-induced NF-KB activation pathway curcumin acts 
can be examined by NF-KB-dependent reporter gene tran 
Scription using procedures as described (112). In this system 
untreated or curcumin-treated cells are co-transfected with 
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the plasmid containing known NF-KB signaling elements 
(such as TRAF2, NIK and IKK) and then examined for 
NF-kB activation. 

EXAMPLE 5 

Curcumin Enhances Paclitaxel-Induced Apoptosis and Sup 
presses NF-KB-Dependent Gene Expression 
0052 Paclitaxel induces apoptosis of a wide variety of 
cells including breast cancer cells (9-11, 113, 114). Like 
other chemotherapeutic agents, paclitaxel also activates 
NF-kB (18-21, 115). Paclitaxel-failed to induce apoptosis in 
cells that express constitutive NF-KB or inducible NF-kB 
(28). Breast cancer cell lines (34,35) and fresh breast cancer 
tissue samples express constitutive NF-KB (32. 33). Further 
more, paclitaxel-induced apoptosis in breast cancer cells is 
enhanced by suppression of NF-kB (31-32, 34, 36-37). 
Curcumin by itself inhibits the proliferation of breast cancer 
cells (63). The tumor promoter that activates NF-kB has 
been shown to block paclitaxel-induced apoptosis of breast 
cancer cells (116). Overexpression of HER2/neu, commonly 
associated with breast cancer, also suppresses paclitaxel 
induced apoptosis (10, 11), and downregulation of HER2/ 
neu by adenoviral E1A protein sensitizes breast cells to 
paclitaxel (117, 118). Because curcumin downregulates 
NF-kB activation, HER2/neu expression, AP-1/JNK, and 
expression of COX2 and cyclin D1 which are mechanisms 
that Suppress apoptosis, it is possible that curcumin may 
have synergistic effects with paclitaxel in inducing apoptosis 
of breast cancer cells. 

0053 Various breast cancer cell lines that express vari 
able level of HER2/neu and NF-kB can be used to determine 
if curcumin augments paclitaxel-induced apoptosis in breast 
cancer cells. HER2/neu-positive (MDA-MB 453, BT-483, 
SKBR-3, MDA-MB361, BT-474) and HER2/neu-negative 
(MDA-MB435, MDA-MB231, MCF-7), as well as NF-kB 
positive (MDA-MB-436, HBL100, MDA-MB-468, MDA 
MB-231, MDA-MB-435) and NF-kB negative (T47D and 
MCF-7) breast cancer cell lines can be examined for sensi 
tivity to various concentrations of paclitaxel, curcumin, or 
combination of paclitaxel and curcumin for 24, 48 and 72 h, 
and then examined for viability by the MTT method as 
previously described (112, 119). FIG. 4 shows curcumin 
enhances the cytotoxic effects of paclitaxel against MCF-7 
breast cancer cells. 

0054) To address the issue of whether curcumin Sup 
presses paclitaxel-induced NF-KB-regulated gene expres 
sion, the cell lines indicated above are either left untreated 
or treated with paclitaxel, curcumin or combination of 
paclitaxel and curcumin for 6, 12, 24, and 48 h, and then the 
whole cell extracts can be analyzed by western blot analysis 
for expression of HER2/neu, COX2, MMP-9, iNOS, bcl-Xl, 
bcl-2, cyclin D1, TRAF1, TRAF2, cIAP-1, cIAP-2, and 
XIAP using specific antibodies available commercially. 

EXAMPLE 6 

Curcumin Enhances the Therapeutic Effects of Paclitaxel 
against Breast Cancer in Vivo 
0055 To optimize the therapeutic efficacy of paclitaxel, 
various agents have been employed in murine models har 
boring tumor Xenografts. These include a protein tyrosine 
kinase inhibitor emodin (120), adenoviral protein E1A (117. 
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118), ras farnesyl transferase inhibitor (121), radioimmuno 
therapy with yttrium-90-labeled chimeric L6 antibody (122) 
and desoxyepothilone (123). Emodin was found to inhibit 
the growth of HER2/neu over-expressing tumors in mice, 
and sensitize the tumors to paclitaxel (120). Since emodin 
can block NF-kB activation (124), it is possible that some of 
the effects of emodin on pacfitaxel are mediated through 
suppression of NF-kB activation. 
0056 Results shown above indicate curcumin enhances 
the cytotoxic effects of paclitaxel against human breast 
cancer cells in vitro. Since enhancement of in vitro cyto 
toxicity has been correlated with clinical responses to che 
motherapy in breast cancer patients (125), it is believed that 
curcumin may augment the therapeutic efficacy of paclitaxel 
in a mouse model bearing a human tumor Xenograft. 
0057 Moreover, angiogenesis plays a critical role in the 
growth and metastasis of Solid tumors, including breast 
cancer (91). In addition to direct effects on tumor cell growth 
and Survival, curcumin has been shown to be a potent 
anti-angiogenic factor (92-94). In animal studies, most 
investigators have employed curcumin to Suppress tumor 
initiation and promotion and used 2% curcumin in the diet 
over long periods of time with no reported side effects 
(41-56). 
0.058 To demonstrate that curcumin augments the thera 
peutic efficacy of paclitaxel in a mouse model bearing a 
human tumor Xenograft, models of breast cancer in nude 
mice can be used (127). Human breast cancer cells (MDA 
MB-231 or MDA-MB-435) that express constitutively 
active NF-kB can be injected into the mammary fatpad of 
female nude mice as previously described (127). Injection of 
human breast cancer cells into the mammary fatpad has been 
shown to promote the local growth, and for Some tumors 
increases the incidence of distant metastasis, and is thus a 
Suitable model for studying advanced stages of breast cancer 
(12 7). When the tumors are palpable (2-3 mm diameter, 
approximately 7-10 days after injection), the mice are 
divided into 4 treatment groups: (i) control diet, vehicle 
injection (i.p.); (ii) curcumin diet, vehicle injection (i.p.); 
(iii) control diet, Paclitaxel (10 mg/kg, i.p.); (iv) curcumin 
diet, Paclitaxel (10 mg/kg, i.p.). 
0059 Paclitaxel is prepared in a Cremophor:ethanol solu 
tion, and injected at 7-day intervals for up to 8 weeks. The 
tumors are measured twice weekly. At the end of the 
Paclitaxel therapy, sample mice from each group are killed 
and the tumors removed for measurement of NF-kB by 
immunohistochemistry (with an antibody that can detect the 
active form translocated to the nucleus) and/or immunob 
lotting. Similarly, the expression of HER2/neu expression 
can also be examined. To show that the curcumin diet 
inhibits or retards the regrowth of the breast tumors after 
cessation of the Paclitaxel treatment, the remaining mice 
continue to eat the control or curcumin diet, and the size of 
the tumors are monitored. The end-point of the study is when 
the mammary fatpad tumors reach 1.5 cm diameter. To test 
whether the different treatments affect overall survival, the 
Survival time of each mouse can be recorded and compared 
using a log rank analysis. 

0060. To test whether curcumin alone, or in combination 
with Paclitaxel can suppress the growth of breast cancer 
metastases, the MDA-MB-435 breast cancer cells, which 
form distant metastases in nude mice following injection in 
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the mammary fatpad, were used in a protocol designed to 
mimic clinical situation of treatment following removal of 
the primary tumor. Two millions MDA-MB-435 breast 
cancer cells were injected into the mammary fatpad of 
female nude mice. When the tumors reached 1 cm mean 
diameter, the mice were anesthetized, the tumors resected 
and the skin incision closed with wound clips. The mice 
were then be randomized into the same 4 treatment groups 
as described above to receive either curcumin diet, Pacli 
taxel injections, or curcumin diet plus Paclitaxel injections. 
Paclitaxel was injected on day 10, 17 and 24 after tumor 
removal, and the mice were given diet containing 2% 
curcumin (w/w) 5 days after tumor removal. The treatment 
continue for up to 5 weeks after tumor removal, at which 
time the mice were killed and the number of visible 
metastases and presence of recurrent tumors or metastases in 
other organs were recorded. The lungs were fixed in 10% 
buffered formalin and paraffin-embedded section were 
stained with H&E to determine the incidence of microme 
tastases, or with antibodies recognizing the p65 Subunit of 
NF-kB and HER2/neu. In previous therapy studies using this 
model of treatment following removal of 1 cm diameter 
tumors, the incidence of lung metastasis in the control 
groups was 80-100%. The significance of differences in the 
incidence of lung metastasis in the different groups was 
assessed using Fisher's exact test. Results in Table 1 and 
FIG. 5 indicate that curcumin enhances the effect of pacli 
taxel and Suppresses breast cancer metastases to the lung. 

TABLE 1. 

Treatment 
and Mean Incidence of 
Group tumor macroscopic Median 
metS Weight (g) lung metastases range of 

Standard O.73 - 0.3 93% 12 (0–75) 
Diet vehicle 
Standard O.74 - 0.4 83% 20 (O->100) 
Diet paclitaxel 
Curcumin O.71 - 0.3 71.9% 5 (0–44) 
vehicle 
Curcumin O.73 0.25 29% O (O-18) 
Paclitaxel 

Fisher's exact test on incidence of macroscopic metastases: 
0061 A vs B p=0.58 
0062) A vs C p=0.326 
0063) A vs D p=0.0013* 
0064.) B vs D p=0.0079* 
0065 C vs D p=0.057 
Mann-Whitney test for numbers of macroscopic metastases: 
0.066 A vs B p=0.772 
0067. A vs C p=0.059 
0068 A vs D p=0.0005* 
0069 
0070) 
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0072) 1. WHO. The Health 
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B vs D p=0.0034* 
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0202 One skilled in the art will appreciate readily that 
the present invention is well adapted to carry out the objects 
and obtain the ends and advantages mentioned, as well as 
those objects, ends and advantages inherent herein. The 
present examples, along with the methods, procedures, 
treatments, molecules, and specific compounds described 
herein are presently representative of preferred embodi 
ments, are exemplary, and are not intended as limitations on 
the scope of the invention. Changes to this invention and 
other uses will occur to those skilled in the art which are 
encompassed within the spirit of the invention as defined by 
the scope of the claims. 

1-24. (canceled) 
25. A method treating a chemoresistant cancer in a Sub 

ject, comprising the steps of: 
a) administering to said subject a curcuminoid, and 
b) administering to said Subject one or more chemothera 

peutic agent, wherein the chemoresistant cancer 
becomes chemosensitive to said one or more chemo 
therapeutic agents as a result of administration of said 
curcuminoid. 

26. The method of claim 25, wherein said subject is a 
human. 

27. The method of claim 25, wherein a cell of the cancer 
overexpress NF-kB. 

28. The method of claim 25, wherein the cancer is 
selected from the group consisting of breast cancer, prostate 
cancer, melanoma, pancreatic cancer, colon cancer, and 
multiple myeloma 

29. The method of claim 25, wherein said one or more 
chemotherapeutic agents are selected from the group con 
sisting of paclitaxel, gemcitabin, 5-flurouracil, etoposide, 
cispaltin, campothecin, Vincristine and doxorubicin. 

30. The method of claim 25, wherein said curcuminoid is 
administered orally. 

31. The method of claim 25, wherein said dose of the 
curcuminoid is from about 10 mg/kg to about 1000 mg/kg. 

32. The method of claim 28, wherein the cancer is a 
multiple myeloma. 

33. The method of claim 32, wherein the cells of the 
multiple myeloma cells are CD138.sup.+plasma cells. 

34. The method of claim 25, wherein said one or more 
cancer chemotherapeutic agents are selected from the group 
consisting of paclitaxel, gemcitabin, 5-flurouracil, etopo 
side, cispaltin, campothecin, Vincristine and doxorubicin. 
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