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NUTRACEUTICALS AND HEALTH

Nutraceuticals are naturally derived, bioactive compounds that
have health-promoting, disease-preventing, or medicina proper-
ties and have an impact on human genes that control cellular
metabolisms.12 Fruits, vegetables, common beverages, grains, ma-
rine products, medicinal plants, and herbs possess diversified phar-
macologic properties and contain nutraceuticals with the potential
to protect against heart diseases and stroke and to prevent human
cancers.3-11 Herbs and medicinal plants have been used throughout
the world for centuries to treat many diseases, and 80% of the
world population relies on botanical preparations as medicines for
their health needs.?213 The biological activity of a natural product
is very often believed to be the result of the combined action of
severa of its constituents. However, in most cases, the active
ingredient of the natural product has not been completely charac-
terized. An estimated 25% of all modern pharmaceutical drugs are
derived from herbs, including aspirin (from white willow bark),
the heart medication digitalis (foxglove), and the cancer treatment
drug, Taxol (pacific yew tree). Approximately 15 million
Americans take herbs at the same time as prescription medica-
tions.4 Epidemiologic studies have shown that the environmental
factors, especially food components, have a maor impact on
hormone-related cancer prevention, and a low intake of fruits and
vegetables is associated with high mortality in cardiovascular
disease.1516 One class of substances suggested to be responsible
for these cancer protective effects is the isoflavones, which are
abundant in soy products.i”-1® Many of the herbs, foods, and
spices contain flavonoids, phytoestrogens, and unidentified phyto-
chemicals with estrogenic activity in prostate patients.20.21 Al-
though flavonoids and phytoestrogens are generally considered to
be non-nutritive agents, interest in these nutraceuticals has arisen
because of their potential role in the prevention of human cancer.22
Chemoprevention through the consumption of nutraceuticals, e.g.,
resveratrol from grapes,23-24 |ycopene from tomato,2> and genistein
from soy,26 may reduce morbidity and mortality in cancer. The
foods and herbs that possess anticancer activity include garlic,
soybeans, cabbage, ginger, licorice, onions, flax, turmeric, crucif-
erous vegetables, tomatoes, peppers, brown rice, wheat, and the
umbelliferous vegetables such as carrot, celery, cilantro, parsiey,
and parsnips.2? Natural products and their isolated constituents
have been shown to possess strong chemopreventive activity in
animal models.28-3° The effect of nutraceuticals on apoptotic path-
ways, signaling pathways, or different targets in cancer would be
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helpful in the design and development of novel cancer-preventive
agents.

PROGRAMMED CELL DEATH (APOPTOSIS) AND BCL-2

Apoptosis, or programmed cell death, is a genetically controlled
process of cell suicide that plays a pivotal role in maintaining
homeostasis and preventing disease.3132 Apoptosis is a tightly
controlled mechanism, and its dysregulation has been shown to
play a key role in a number of human diseases including cancer,
neurodegenerative diseases, and autoimmune diseases. Currently
al chemotherapeutic drugs kill tumor cells by activating an en-
dogenous biochemica pathway for cell suicide, known as pro-
grammed cell death or apoptosis.33 However, tumor cells develop
defects in the regulation of genes that control apoptosis, rendering
them resistant to the induction of apoptosis by chemotherapeutics.
The Bcl-2 families of proto-oncogenes are one of the critical
regulators of apoptosis whose expression frequently becomes al-
tered in many human cancers.3* Bcl-2 was first discovered as the
gene on chromosome 18921 at the breakpoint of the t(14,18)
chromosomal translocation found in B-cell follicular lympho-
mas.3> This translocation places the bcl-2 gene next to the immu-
noglobulin heavy-chain enhancer, leading to the overexpression of
Bcl-2. Overexpression of Bcl-2 also occurs in many other types of
human tumors, including cancers of the prostate, colon, and lung,
and has been associated with chemoresistance and radioresistance
in some types of malignancy.33 The Bcl-2 family proteins consti-
tute one of the important classes of apoptosis and regulatory
proteins. These include the pro-apoptotic (Bax, Bad, Bak, Bcl-Xs,
Bim, Bik) and antiapoptotic (Bcl-2, Bcl-X,, Bcl,,, Mcl,) pro-
teins34 Severa of these Bcl-2 family proteins are capable of
physically interacting with each other through a complex network
of homo- and heterodimers. Bcl-2 inhibits cell death in response to
diverse stimuli and inhibits mitochondrial and nuclear manifesta-
tions of apoptosis. The interactions of apoptotic and antiapoptotic
proteins and signaling events leading to apoptosis are shown in
Figure 1. The Bcl-2 family regulates apoptosis through a cascade
of reactions, as shown in the pathway, and altering the mitochon-
dria function.36 Phosphorylation of Bcl-2 releases cytochrome-c
from mitochondria, which induces the activation of cysteine pro-
teases that cleave after aspartic acid (caspases). Multiple proteases
have been identified as caspases. A Caenorhabditis elegans ced-4
homolog, Apaf-1, was identified that interacts with cytochrome-c
to activate caspases.3” Multiple proteins regulate the process of
cytochrome-c release. Bcl-2 and Bcl-X_ regulate the pore opening
by inhibiting Bax-mediated release of cytochrome-c. When acti-
vated, caspases induce a cascade that can result in a pattern of
programmed cell death or apoptosis, including the cleavage of
poly—adenosine diphosphate ribose polymerase.383° Understand-
ing these pathways responsible for the progression of cancer can
help to select targets for drug discovery. It is well known that p53
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FIG. 1. Targeting molecular pathways using nutraceuticals. Cyto ¢, cytochrome c; PARP, poly—adenosine diphosphate ribose polymerase.

isone of the most frequent mutant tumor-suppressor genes and that
loss of its function leads to many cancers.#° In response to signals
generated by a variety of stresses (nutraceuticals, ultraviolet light,
DNA damage), p53 is activated to turn on the cell cycle regulator
p21, which in turn binds to and inhibits cyclin-dependent kinases,
causing hyperphosphorylation of retinoblastoma, thus preventing
the release of E2F and blocking the cell cycle progression.4t
Nutraceuticals have been reported to induce apoptosis through
p53-dependent and p53-independent pathways, as shown in Figure
1. Although many potential targets exist, the focus here is on
targeting overexpressed proteins Bcl-2 by using nutraceuticals.

OVEREXPRESSION OF BCL-2 AND RESISTANCE TO
CHEMOTHERAPY

Overexpression of the tumor-suppressor gene bcl-2 plays an im-
portant role in cellular resistance to apoptosis.#2 Lin et a. found
that overexpression of antiapoptotic Bcl-2 and Bcl-X, proteins
may play arole in the development of resistance to cancer thera-
py.*® Functional overexpression of Bcl-2 has been reported to
confer an antiapoptotic potential in avariety of cell types. Therole
of Bcl-2 in epithelia cell cycle control and its interactions with
other cell cycle regulatorsis not clearly understood. Its expression
has been correlated with the hormone- and chemoresistant pheno-
type in advanced prostate cancer.#4 Granville et al. found that
overexpression of Bcl-2 in HL-60 cells prevents apoptosis-related
events including caspase-3 and -6 activations and poly—adenosine
diphosphate ribose polymerase cleavage by photodynamic thera-
py.*s Overexpression of HER2 in estrogen receptor—positive hu-
man breast tumors has been associated with resistance to endocrine
therapy. HER2 overexpression in MCF-7 cells accompanied by the
upregulation of antiapoptotic Bcl-2 and Bcl-X, proteins have been
reported.#6 Transgenic mouse generated with the proto-oncogene

Bcl-2 protects cells of the hematolymphoid system from the con-
sequences of ionizing radiation and increase the radioresistance.4”
Raffo et a. reported that overexpression of Bcl-2 can protect
human prostate cancer cells from apoptotic stimuli in vitro and in
vivo.48 Bcl-2 overexpression has been shown to protect prostate
cancer cells from many different apoptotic stimuli, including hor-
mone ablation, radiotherapy. and chemotherapy.#44° Several genes
have been shown to be involved in the mechanism and progression
of prostate cancer.5° The role of the phosphatidylinositol 3-kinase
(PI3) kinase/nuclear factor-kB pathway that |eads to the upregulation
of antigpoptotic protein and other possible mechanisms involved in
prostate cancer progression has been reviewed recently.5t

BCL-2 MODULATORS

I and my colleagues previously showed that licochalcone-A, a
weak phytestrogen isolated from Glycyrrhiza glabra (licorice) root
extract, represses the antiapoptotic protein Bcl-2 in breast and
leukemic cell lines.52 DiPaola et al. found that 13-cis retinoic acid
and interferon can downregulate Bcl-2 protein in the peripheral
blood mononuclear cells of prostate patients.53 A clinical study
with 18-base, fully phosphorothioate Bcl-2 antisense oligonucleo-
tide administered to patients represses the Bcl-2 level in patients
with non-Hodgkin's lymphoma.5* Bcl-2 antisense oligonucleotide
has been shown to reduce tumor in castrated athymic mice.5>

CURCUMIN

Recent studies have shown that curcumin (diferuloylmethane), an
agent that has very little or no cytotoxicity in humans, represses
antiapoptotic proteins (Bcl-2 and Bcl-X, ) and downregulates nu-
clear factor-kB activity in human multiple myeloma cell lines,
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renal cells, prostate cancer cell lines, and acute myelogenous
leukemia cell 1ines?5-59; however, Bcl-2 and Bcl-X, —transfected
cellswererelatively resistant to induced apoptosis.¢° Curcumin has
never been shown to phosphorylate Bcl-2 proteins.

TEA POLYPHENOLS

(—)-Epigallocatechin, one of the green tea polyphenols, has been
shown to inhibit growth of p53 wild-type and mutant breast cancer
cell lines (MCF-7 and MDA-MB-231), suggesting that the (—)-
epigallocatechin—triggered apoptosis is independent of p53 status
and the decrease antiapoptotic protein Bcl-2 and also increases
apoptotic protein Bax level.61 Chung et a. studied the effect of
(—)-epigallocatechin-gallate in prostate cancer cell lines and con-
cluded that apoptosis is not associated with altering the expression
of Bcl-2, Bcl-X,, and BAD in DU-145 cells.62

CARNOSOL

Carnosol, a phenolic compound extracted from the herb rosemary,
has been reported to have anticancer activity in acute lymphoblas-
tic leukemia lines by decreasing Bcl-2 levels, suggesting that
carnosol may be useful as a novel chemotherapeutic agent against
B-lineage leukemias and possibly other types of cancers that
express high levels of the protective protein, Bcl-2.63

CAROTENOIDS

Recent studies have shown that carotenoids (lycopene, 3-carotene,
zeaxanthin, and astaxanthin) inhibit the proliferation of breast
cancer cell lines, cause cell cycle arrest at the G2/M phase, and
decrease the expression of the bcl-2 gene in the breast cancer cell
line MCF-7.%4 Kucuk et a. investigated the effects of lycopene
supplementation in patients with prostate cancer and studied the
expression of Bcl-2 and Bax and found that Bcl-2 and Bax levels
did not differ significantly in their studies.®s

OTHER POLYPHENOLS, INDOLES, PECTINS, AND
FLAVONOIDS

Lee et a. studied the cytotoxicity of severa structurally related
flavonoids including Iuteolin, nobiletin, wogonin, baicalein, api-
genin, myricetin, and fisetin in the human leukemiacell line HL-60
and found that wogonin and fisetin were the most potent apoptotic
inducers. However, antiapoptotic proteins Bcl-2, Bel-XI, and Bad
remained unchanged in wogonin- and fisetin-treated HL-60 cells.%6

Iwashita et al. investigated the growth inhibitory activity of
several flavonoids, including apigenin, luteolin, kaempherol, quer-
cetin, butein, isoliquiritigenin, naringenin, genistein, and daizein
against B16 mouse melanoma4A5 cells and found that isoliquiriti-
genin and butein, belonging to the chalcone group, markedly
suppress the growth of B16 melanoma cells and induce cell
death.6” Gupta et a. studied the effect of apigenin, a common
dietary flavonoid abundantly present in fruits and vegetables, and
reported that apigenin induces apoptosisin prostate cancer cell line
by modulating the ratio of Bax to Bcl-2.68 3,3'-Diindolylmethane
isamajor in vivo derivative of the putative anticancer agent indole
3-carbinol, which is present in vegetables of the Brassica genus,
has been shown to modulate Bcl-2 protein in breast cancer cell
lines.®® Indole 3-carbinol has been shown to downregulate Bcl-2
protein levels in breast and prostate cancer cell lines.”0.71 The soy
isoflavone, genistein, modulates cell cycle progression and induces
apoptosis in HER-2/neuoncogene—expressing human breast epi-
thelial cells and modulates Bcl-2 proteins.”2 Avivi-Green et al.
studied the in vivo effect of citrus pectins and butyrate in rat colon
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TABLE I.

BCL-2-MODULATING NUTRACEUTICALS

SNO Nutraceuticals Cancer cdll lines References
1 Apigenin Prostate 68
2 Butein Melanoma 67
3 Carotenoids Breast 64
4 Carnosol Leukemia 63
5  Curcumin Multiple myeloma; prostate, 56-59
acute myelogenous
leukemia
6  Diindolylmethane Breast 70
7  Decosahexaenoic acid Colon 76
8 Epigalo catechin Breast 61
gallate
9 Genistein Breast 72
10 Indol 3-carbinol Breast and prostate 70,71
11  Licochacone-A Breast 52
12 -3 fatty acid Colon 75
13  Pectins and butyrate  Colon 73

cancer models and found that Bcl-2 expression is downregulated in
colonocytes.”® Su et a. studied the effect of genistein, biochanin-A,
and daidzein in hepatocarcinoma cell lines and correlated cytotoxicity
with the downregulation of Bcl-2 and Bcl-X, expresson.”

OMEGA-3 FATTY ACIDS

Consumption of -3 fatty acids have been shown to slow the
growth of cancer in xenograft animal models, increase the efficacy
of chemotherapy, and reduce the side effects of the chemotherapy.
-3 Fatty acids aso have been shown to decrease nuclear
factor-kB activation and Bcl-2 expression in colon cancer cell
lines.” Docosahexaenoic acid, a long-chain polyunsaturated fatty
acid, isamajor constituent of nutrientsrich in »-3 polyunsaturated
fatty acids. Docosahexaenoic acid inhibits the growth of CaCo-2
cells, induces apoptosis, and inactivates antiapoptotic bcl-2 family
genes.” The Bcl-2 modulating nutraceuticals are listed in Table 1.

Bcl-2 PHOSPHORYLATION

Phosphorylation of Bcl-2 protein is a post-translational modifica-
tion and is an important event in apoptosis.”” Exposure of most of
the tumor cell lines to cytotoxic agents phosphorylates Bcl-2 and
induces apoptosis.”8-8 Recent evidence has indicated that anti-
apoptotic functions of Bcl-2 can be regulated by its phosphoryla
tion. Hyperphosphorylation of Bcl-2 induced by paclitaxel and
other microtubule-active drugs are strictly dependent on targeting
microtubules that in turn cause mitotic arrest. In addition to serine-
70, microtubule-active agents promote phosphorylation of
serine-87 and threonine-69, thereby inactivating Bcl-2.77:81 Pathan
et a. reported that phosphorylated Bcl-2 protein is associated in
M-phase-arrested cellswith Pinl, amitotic peptidyl prolyl isomer-
ase known to interact with substrates of Cdc2 during mitosis.82
Because the region in Bcl-2 containing serine-70 and serine-87
represents a proline-rich loop that has been associated with autore-
pression of its antiapoptotic activity, the discovery of Pinl inter-
actions with phosphorylated Bcl-2 raises the possibility that Pinl
atersthe conformation of Bcl-2 and thereby modulatesits function
in cells arrested with antimicrotubule drugs.82 Thomeas et al. re-
ported that p53 mediates Bcl-2 phosphorylation in baby rat kidney
cells and apoptosis via activation of the small G-family protein
Cdc42/c-Jun N-terminal kinase-1 (INK1) pathway.8® Bcl-2 has
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been phosphorylated by CDC-2 kinase, a master regulator in the
G2/M phase of the cell cycle84 In addition to antimicrotubule
agents, effective DNA-damaging agents have been shown to in-
duce Bcl-2 phosphorylation.8s Srivastava et al. showed that dele-
tion of the loop region of Bcl-2 and mutation in the phosphoryla-
tion sites completely block paclitaxel-induced apoptosis and that
Bcl-2 phosphorylation is important in inducing apoptosis.8t Bcl-2
phosphorylation has been shown to phosphorylate through the acti-
vation of INK phosphorylation.8s Y amamoto et a. found that signal
transduction enzymes ASKI/INK is involved in Bcl-2 phosphoryla
tion.87 Ling et a. showed that Bcl-2 phosphorylation is tightly asso-
ciated with mitotic arrest and found that it is not a determinant of
apoptosis.e® Naturd estrogen metabolite 2-methoxyestradiol phos-
phorylates Bcl-2 and has been shown to be a strong growth inhibitor
in vitro.8° Bu et a. recently showed that 2-methoxyestradiol induces
apoptosis in epithelia carcinomas by causing phosphorylation of
JINK, which appears to be correlated with phosphorylation of Bcl-2.90

BCL-2 PHOSPHORYLATING MOLECULE FROM
NATURAL PRODUCTS

Genistein, isolated from soy, inactivates Bcl-2 by phosphorylation,
delays the G2/M phase of the cell cycle, induces apoptosis of
human breast adenocarcinoma MCF-7 cells, and is an inhibitor of
protein tyrosine kinase and topoisomerase 11.91 The natural estro-
gen metabolite 2-methoxyestradiol is antiangiogenic in vivo and
can phosphorylate Bcl-2, and its mechanism of action is independent
of the signaling enzymes JINK/SAPK .82 Taxoal, isolated from Taxus
brevefalia, vincristine and vinblastine isolated from Vinca rosea, and
Taxotere, a semisynthetic form of Taxol, can induce Bcl-2 phosphor-
ylation in tumor cell lines.789293 We isolated and identified a novel
polyphenal from Glycyrrhiza glabra (licorice) that induces apoptosis,
phosphorylates antigpoptotic protein Bcl-2, and causes G2/M cell
cyclearrest in breast and prostate cancer cell lines.g° The antiapoptotic
potentia of Bcl-2 is now well established, but the biochemical mech-
anism of Bcl-2 action is poorly understood.

NEED FOR NOVEL BCL-2 MODULATORS

Bcl-2 has been described as a factor that can protect cancer cells
from apoptosis.33.37.94 The protective effect of Bcl-2 may be lost if
the protein is phosphorylated or its expression is repressed.92 Agents
that affect microtubule depolymerization or prevent microtubule as-
sembly can induce Bcl-2 phosphorylation. Currently al available
Bcl-2 phosphorylating moleculesin clinical use are highly toxic with
side effects. In conclusion, several molecular mechanismsinvolved in
the progression of cancer and the development of resistance to che-
motherapy are associated with overexpression of Bcl-2. Therefore, the
need exists for the discovery of novel Bcl-2 phosphorylating or
repressing molecules. Nutraceuticals from herbal products, medicina
plants, fruits, vegetables, grains, nuts, and common beverages are
promising and their elucidation is warranted.

REFERENCES

1. Lachance PA, Saba RG. In: Ho C-T, Zheng QY, eds. Quality management of
nutraceuticals: Intelligent product-delivery systems and safety through traceabil-
ity. ACS Symposium Series 803, Washington, DC. 2002:2

2. Orzechowski A, Ostaszewski P, Jank M, Berwid SJ. Bioactive substances of plant

origin in food—impact on genomics. Reprod Nutr Dev 2003;42:461

. Wattenberg LW. Chemoprevention of cancer. Cancer Res 1985;45:1

4. Wattenberg LW. Inhibition of carcinogenesis by minor nutrient constituents of
the diet. Proc Nutr Soc 1990;49:173

5. Reddy L, Odhav B, Bhoola KD. Natural products for cancer prevention: a global
perspective. Pharmacol Ther 2003;99:1

6. Kris-Etherton PM, Hecker KD, Bonanome A, et al. Bioactive compounds in

w

10.

11

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Réfi 81

foods: their role in the prevention of cardiovascular disease and cancer. Am J
Med 2002;113:71

. Nishino H, Tokuda H, Satomi Y, et a. Cancer chemoprevention by phytochemi-

cals and their related compounds. Asian Pac J Cancer Prev 2000;1:49

. Block G, Patterson B, Subar A. Fruits, vegetables and cancer prevention: areview

of the epidemiologic evidence. Nutr Cancer 1992;18:1

. Youchum L, Kusky LH, Meyer K, Folsom AR. Dietary flavonoids intake and risk

od cardiovascular disease in postmenopausa women. Am J Epidemiol 1999;149:
943

Spence JD. Nutritional and metabolic aspects of stroke prevention. Adv Neurol
2003;92:173

Silalahi J. Anticancer and health protective properties of citrus fruit components.
Asia Pac J Clin Nutr 2002;11:79

Winslow LC, Kroll DJ. Herbs as medicine. Arch Intern Med 1998;158:2192
Craig WJ. Health-promoting properties of common herbs. Am J Clin Nutr
1999;70:491

Eisenberg DM, Davis RB, Ettner SL, et a. Trends in alternative medicine use in
the United States, 1990—1997: results of a follow-up nationa survey. JAMA
1998;280:1569

Rissanen TH, Voutilainen S, Virtanen JK, et a. Low intake of fruits, berries and
vegetables is associated with excess mortality in men: the Kuopio Ischaemic
Heart Disease Risk Factor (KIHD) Study. J Nutr 2003;133:199

Temple NJ, Kaiser Gladwin K. Fruit, vegetables, and the prevention of cancer.
Research challenges. Nutrition 2003;19:467

Chinni SR, Alhasan SA, Multani AS, Pathak S, Sarkar FH. Pleiotropic effects of
genistein on MCF-7 breast cancer cells. Int J Mol Med 2003;12:29

Messina MJ. Emerging evidence on the role of soy in reducing prostate cancer
risk. Nutr Rev 2003;61:117

Zhou JR, Yu L, Zhong Y, Blackburn GL. Soy phytochemicals and tea bioactive
components synergistically inhibit androgen-sensitive human prostate tumors in
mice. J Nutr 2003;133:516

Zava DT, Dollbaum CM, Blen M. Estrogen and progestin bioactivity of foods,
herbs, and spices. Proc Soc Exp Biol Med 1998;217:369

DiPaola RS, Zhang H, Lambert GH, et a. Clinical and biologic activity of an
estrogenic herbal combination (PC-SPES) in prostate cancer. N Engl J Med
1998;339:785

Kucuk O. Chemoprevention of prostate cancer. Cancer Metastasis Rev 2002;21:
111

Aziz MH, Kumar R, Ahmad N. Cancer chemoprevention by resveratrol: In vitro
and in vivo studies and the underlying mechanisms (review). Int J Oncol 2003;
23:17

Jang M, Cai L, Udeani GO, et a. Cancer chemopreventive activity of resveratrol,
a natural product derived from grapes. Science 1997;275:218

Heber D, Lu QY, Go VL. Role of tomatoes, tomato products and lycopene in
cancer prevention. Adv Exp Med Biol 2001;492:29

Bergan RC, Waggle DH, Carter SK, Horak I, Slichenmyer W, Meyers M.
Tyrosine kinase inhibitors and signal transduction modulators: rationae and
current status as chemopreventive agents for prostate cancer. Urology 2001;5:77
Craig WJ. Phytochemicals: guardians of our heath. J Am Diet. Assoc 1997;97:
199

Lambert JD, Y ang CS. Cancer chemopreventive activity and bioavailability of tea
and tea polyphenols. Mutat Res 2003;523-524:201

Constantinou Al, Lantvit D, Hawthorne M, Xu X, van Breemen RB, Pezzuto JM.
Chemopreventive effects of soy protein and purified soy isoflavones on DMBA-
induced mammary tumors in female Sprague-Dawley rats. Nutr Cancer 2001;41:75

. Mehta RG, Pezzuto JM. Discovery of cancer preventive agents from natural

products: from plants to prevention. Curr Oncol Rep 2002;4:478

. Jacobson MD, Weil M, Raff MC. Programmed cell death in animal development.

Cell 1997,88:347

. White E. Life, death, and the pursuit of apoptosis. Genes Dev 1996;10:1
. Reed JC. Bcl-2 family proteins: regulators of apoptosis and chemoresistance in

hematologic malignancies. Semin Haematol 1997;34:9

34. Coultas L, Strasser A. The role of the Bcl-2 protein family in cancer. Semin

36.

37.

39.

Cancer Biol 2003;13:115

. Tsujimoto Y, Croce CM. Analysis of the structure, transcripts, and protein

products of bcl-2, the gene involved in human follicular lymphoma. Proc Natl
Acad Sci USA 1986;83:5214

Vander Heiden MG, Thompson CB. Bcl-2 proteins: regulators of apoptosis or of
mitochondrial homeostasis. Nat Cell Biol 1999;1:209

Korsmeyer SJ. BCL-2 gene family and the regulation of programmed cell death.
Cancer Res 1999;59:1693

. Deveraux QL, Leo E, Stennicke HR, Welsh K, Salvesen GS, Reed JC. Cleavage

of human inhibitor of apoptosis protein XIAP results in fragments with distinct
specificities for caspases. EMBO J 1999;18:5242

DiPaola RS, Patel J, Rafi MM. Targeting apoptosis in prostate cancer. Hematol
Oncol Clin North Am 2001;15:509



82 Nutraceuticals in Overexpressing Antiapoptotic Proteins in Prostate Cancer
40. Hollstein M, Rice K, Greenblatt MS, et a. Database of p53 gene somatic

41.

42.

43.

45.

46.

47.

49.

50.

51.
52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67

mutations in human tumors and cell lines. Nucleic Acids Res 1994;22:3551
King KL, Cidlowski JA. Cell cycle regulation and apoptosis. Annu Rev Physiol
1998,60:601

Hersey P, Zhang XD. Overcoming resistance of cancer cells to apoptosis. J Cell
Physiol 2003;196:9

Lin J, Page C, Jin X, Sethi AO, Patel R, Nunez G. Suppression activity of
pro-apoptotic gene products in cancer cells, a potential application for cancer
gene therapy. Anticancer Res 2001;21:831

. Chaudhary KS, Abel PD, Lalani EN. Role of the Bcl-2 gene family in prostate
cancer progression and its implications for therapeutic intervention. Environ
Health Perspect 1999;10:49

Granville DJ, Jang H, An MT, Levy JG, McManus BM, Hunt DW. Bcl-2
overexpression blocks caspase activation and downstream apoptotic events insti-
gated by photodynamic therapy. Br J Cancer 1999;79:95

Kumar R, Mandal M, Lipton A, Harvey H, Thompson CB. Overexpression of
HER2 modulates bcl-2, bel-XL, and tamoxifen-induced apoptosis in human
MCF-7 breast cancer cells. Clin Cancer Res 1996;2:1215

Domen J, Gandy KL, Weissman IL. Systemic overexpression of BCL-2 in the
hematopoietic system protects transgenic mice from the consequences of |ethal
irradiation. Blood 1998;91:2272

. Raffo AJ, Perlman H, Chen MW, Day ML, Streitman JS, Buttyan R. Overex-
pression of bcl-2 protects prostate cancer cells from apoptosisin vitro and confers
resistance to androgen depletion in vivo. Cancer Res 1995;55:4438

Huang A, Gandour-Edwards R, Rosenthal SA, Siders DB, Deitch AD, White
RW. P53 and bcl-2 immunohistochemical aterations in prostate cancer treated
with radiation therapy. Urology 1998;51:346

Abate-Shen C, Shen MM. Molecular genetics of prostate cancer. Genes Dev
2000;14:2410

Catz SD, Johnson JL. Bcl-2 in prostate cancer: a minireview. Apoptosis 2003;8:29
Rafi MM, Rosen RT, Vassil A, et a. Modulation of bcl-2 and cytotoxicity by
licochalcone-A, a novel estrogenic flavonoids. Anticancer Res 2000;20:2653
DiPaola RS, Rafi MM, Vyas V, et d. Phase | clinical and pharmacologic study
of 13-cisretinoic acid, interferon alfa, and paclitaxel in patients with prostate
cancer and other advanced malignancies. J Clin Oncol 1999;17:2213

. Webb A, Cunningham D, Cotter F, et al. BCL-2 antisense therapy in patients with
non-Hodgkin lymphoma. Lancet 1997;349:1137

Gleave M, Tolcher A, Miyake H, et a. Progression to androgen independence
is delayed by adjuvant treatment with antisense Bcl-2 oligodeoxynucleotides
after castration in the LNCaP prostate tumor model. Clin Cancer Res 1999;5:
2891

Bharti AC, Donato N, Singh S, Aggarwal BB. Curcumin (diferuloylmethane)
down-regulates the constitutive activation of nuclear factor-kappa B and Ikappa-
Balpha kinase in human multiple myeloma cells, leading to suppression of
proliferation and induction of apoptosis. Blood 2003;101:1053

Aggarwal BB, Kumar A, Bharti AC. Anticancer potentia of curcumin: preclin-
ical and clinical studies. Anticancer Res 2003;23:363

Mukhopadhyay A, Bueso-Ramos C, Chatterjee D, Pantazis P, Aggarwa BB.
Curcumin downregulates cell survival mechanisms in human prostate cancer cell
lines. Oncogene 2001;20:7597

Woo JH, Kim YH, Choi YJ, et al. Molecular mechanisms of curcumin-induced
cytotoxicity: Induction of apoptosis through generation of reactive oxygen spe-
cies, down-regulation of Bcl-XL and IAP, the release of cytochrome c and
inhibition of Akt. Carcinogenesis 2003;24:1199

Anto RJ, Mukhopadhyay A, Denning K, Aggarwa BB. Curcumin (diferuloyl-
methane) induces apoptosis through activation of caspase-8, BID cleavage and
cytochrome c release: its suppression by ectopic expression of Bcl-2 and Bcl-xI.
Carcinogenesis 2002;23:143

Vergote D, Cren-Olive C, Chopin V, et a. (—)-Epigallocatechin (EGC) of green
tea induces apoptosis of human breast cancer cells but not of their normal
counterparts. Breast Cancer Res Treat 2002;76:195

Chung LY, Cheung TC, Kong SK, et al. Induction of apoptosis by green tea
catechins in human prostate cancer DU145 cells. Life Sci 2001;68:1207

Dorrie J, Sapaa K, Zunino SJ. Carnosol-induced apoptosis and downregulation
of Bcl-2 in B-lineage leukemia cells. Cancer Lett 2001;170:33

. Li Z, Wang Y, Mo B. The effects of carotenoids on the proliferation of human
breast cancer cell and gene expression of bcl-2. Zhonghua Yu Fang Yi Xue Za
Zhi 2002;36:254

Kucuk O, Sarkar FH, Sakr W, et al. Phase Il randomized clinical trial of lycopene
supplementation before radical prostatectomy. Cancer Epidemiol Biomarkers
Prev 2001;10:861

Lee WR, Shen SC, Lin HY, Hou WC, Yang LL, Chen Y C. Wogonin and fisetin
induce apoptosis in human promyeloleukemic cells, accompanied by a decrease
of reactive oxygen species, and activation of caspase 3 and Ca?*-dependent
endonuclease. Biochem Pharmacol 2002;63:225

. lwashitaK, Kobori M, Yamaki K, Tsushida T. Flavonoids inhibit cell growth and

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

81.

82.

Nutrition Volume 20, Number 1, 2004

induce apoptosis in B16 melanoma 4A5 cells. Biosci Biotechnol Biochem 2000;
64:1813

. Gupta S, Afag F, Mukhtar H. Involvement of nuclear factor-kappa B, Bax and

Bcl-2 in induction of cell cycle arrest and apoptosis by apigenin in human
prostate carcinoma cells. Oncogene 2002;21:3727

Hong C, Firestone GL, Bjeldanes LF. Bcl-2 family mediated apoptotic effects of
3,3'-diindolylmethane (DIM) in human breast cancer cells. Biochem Pharmacol
2002;63:1085

Chinni SR, Li Y, Upadhyay S, Koppolu PK, Sarkar FH. Indole-3-carbinol (13C)
induced cell growth inhibition, G1 cell cycle arrest and apoptosis in prostate
cancer cells. Oncogene 2001;20:2927

Rahman KM, Aranha O, Glazyrin A, Chinni SR, Sarkar FH. Translocation of Bax
to mitochondria induces apoptotic cell death in indole-3-carbinol (13C) treated
breast cancer cells. Oncogene 2000;19:5764

Katdare M, Osborne M, Telang NT. Soy isoflavone genistein modulates cell
cycle progression and induces apoptosis in HER-2/neu oncogene expressing
human breast epithelial cells. Int J Oncol 2002;21:809

Avivi-Green C, Polak-Charcon S, Madar Z, Schwartz B. Apoptosis cascade
proteins are regulated in vivo by high intracolonic butyrate concentration: cor-
relation with colon cancer inhibition. Oncol Res 2000;12:83

Su SJ, Chow NH, Kung ML, Hung TC, Chang KL. Effects of soy isoflavones on
apoptosis induction and G2-M arrest in human hepatoma cells involvement of
caspase-3 activation, Bcl-2 and Bcl-XL downregulation, and Cdc2 kinase activ-
ity. Nutr Cancer 2003;45:113

Hardman WE. Omega-3 fatty acids to augment cancer therapy. J Nutr 2002;132:
3508

Narayanan BA, Narayanan NK, Reddy BS. Docosahexaenoic acid regulated
genes and transcription factors inducing apoptosis in human colon cancer cells.
Int J Oncol 2001;19:1255

Blagosklonny MV. Unwinding the loop of Bcl-2 phosphorylation. Leukemia
2001,15:869

Haldar S, Chintapalli J, Croce CM. Taxol induces bcl-2 phosphorylation and
death of prostate cancer cells. Cancer Res 1996;56:1253

Blagosklonny MV, Giannakakou P, el-Deiry WS, et a. Raf-1/bcl-2 phosphory-
lation: a step from microtubule damage to cell death. Cancer Res 1997;57:130

. Rafi MM, Vastano BC, Zhu N, et al. Novel polyphenol molecule isolated from

licorice root (Glycrrhiza glabra) induces apoptosis, G2/M cell cycle arrest, and
Bcl-2 phosphorylation in tumor cell lines. J Agric Food Chem 2002;50:677
Srivastava RK, Mi QS, Hardwick JM, Longo DL. Deletion of the loop region of
Bcl-2 completely blocks paclitaxel-induced apoptosis. Proc Natl Acad Sci USA
1999;96:3775

Pathan N, Aime-Sempe C, Kitada S, Basu A, Haldar S, Reed JC. Microtubule-
targeting drugs induce bcl-2 phosphorylation and association with Pinl. Neopla-
sia 2001;3:70

. ThomasA, Giesler T, White E. p53 mediates bcl-2 phosphorylation and apoptosis

via activation of the Cdc42/INK 1 pathway. Oncogene 2001;19:5259

84. Furukawa, lwase S, Kikuchi J, et al. Phosphorylation of Bcl-2 protein by CDC2

86.

87.

89.

90.

91

92.

93.

94.

kinase during G2/M phases and its role in cell cycle regulation. J Biol Chem
2000;275:21661

. Pratesi G, Polizzi D, Perego P, Dal Bo L, Zunino F. Bcl-2 phosphorylation in a

human breast carcinoma xenograft: a common event in response to effective
DNA-damaging drugs. Biochem Pharmacol 2000;60:77

Wang TH, Popp DM, Wang HS, et a. Microtubule dysfunction induced by
paclitaxel initiates apoptosis through both c-Jun N-termina kinase (INK)—
dependent and -independent pathways in ovarian cancer cells. J Biol Chem
1999;274:8208

Yamamoto K, Ichijo H, Korsmeyer SJ. BCL-2 is phosphorylated and inactivated
by an ASK1/Jun N-terminal protein kinase pathway normally activated at G2/M.
Mol Cell Biol 1999;19:8469

. Ling YH, Tornos C, Perez-Soler R. Phosphorylation of Bcl-2 is a marker of M

phase events and not a determinant of apoptosis. J Biol Chem 1998;273:18984
Attalla H, Westberg JA, Andersson LC, Adlercreutz H, Makela TP.
2-Methoxyestradiol-induced phosphorylation of Bcl-2: uncoupling from INK/
SAPK activation. Biochem Biophys Res Commun 1998;247:616

Bu S, Blaukat A, Fu X, Heldin NE, Landstrom M. Mechanisms for
2-methoxyestradiol-induced apoptosis of prostate cancer cells. FEBS Lett 2002;
531:141

Constantinou Al, Kamath N, Murley JS. Genistein inactivates bcl-2, delays the
G2/M phase of the cell cycle, and induces apoptosis of human breast adenocar-
cinoma MCF-7 cells. Eur J Cancer 1998;34:1927

Haldar S, JenaN, Croce CM. Inactivation of Bcl-2 by phosphorylation. Proc Natl
Acad Sci USA 1995;92:4507

Haldar S, Jena N, Croce CM. Antiapoptosis potential of bcl-2 oncogene by
dephosphorylation. Biochem Cell Biol 1994;72:455

Yang J, Liu X, Bhala K, et al. Prevention of apoptosis by Bcl-2: release of
cytochrome ¢ from mitochondria blocked. Science 1997;275:1129



	Elucidating the Role of Nutraceuticals in Overexpressing Antiapoptotic Proteins in Prostate Cancer
	NUTRACEUTICALS AND HEALTH
	PROGRAMMED CELL DEATH (APOPTOSIS) AND BCL-2
	OVEREXPRESSION OF BCL-2 AND RESISTANCE TO CHEMOTHERAPY
	BCL-2 MODULATORS
	CURCUMIN
	TEA POLYPHENOLS
	CARNOSOL
	CAROTENOIDS
	OTHER POLYPHENOLS, INDOLES, PECTINS, AND FLAVONOIDS
	OMEGA-3 FATTY ACIDS
	BCL-2 PHOSPHORYLATING MOLECULE FROM NATURAL PRODUCTS
	REFERENCES


