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(7) ABSTRACT

The present invention provides compositions and methods
for inhibiting the growth and cell cycle progression in
carcinoma cells comprising the step of contacting the cells
with an anthocyanin rich extract (ARE) in an amount
effective to inhibit the growth and cell cycle progression of
the carcinoma cells without effecting the growth and cell
cycle progression on normal cells. The invention further
provides therapeutic compositions and methods of inhibiting
the growth and cell cycle progression of carcinoma cells in
a patient comprising administering to a patient a therapeu-
tically effective amount of an anthocyanin-rich extract with
the proviso that the anthocyanin rich extract does not effect
the growth and cell cycle progression of normal cells in the
patient. In preferred embodiments, the anthocyanin-rich
extract useful in the compositions and methods of the
invention are derived from chokeberry, bilberry, grape or
combinations thereof. In preferred embodiments the carci-
noma cells are colon carcinoma cells.
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ANTHOCYANIN-RICH COMPOSITIONS AND
METHODS FOR INHIBITING CANCER CELL
GROWTH

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/452,600, filed on Mar. 6, 2003.
The entire teachings of the above application are incorpo-
rated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to food extracts rich in
anthocyanins as specific inhibitors of cancer cell growth.

BACKGROUND OF THE INVENTION

[0003] Colorectal cancer (CRC) is the second leading
cause of cancer death in Western countries (American Can-
cer Society 2000). It is estimated that in the United States
approximately 57,000 people will die from colorectal cancer
in 2003 (Cancer Facts and Figures 2003, American Cancer
Society, 2003). In recent years epidemiological studies have
shown that consumption of a diet containing fruits and
vegetables rich in antioxidants is linked to lower incidence
of colon cancer (Yang et al., 2001, Annu Rev Nutr, 21:381-
406). Many of the compounds in fruits and vegetables such
as vitamins, minerals, phytochemicals are defined as dietary
supplements (Dietary Supplement Health and Education
Act, 1994). Among colorectal cancer patients it is reported
that 64% use alternative medicine of which 57% take some
kind of dietary supplement (Patterson et al., 2002, J Altern
Complement Med, 8:477-485). Various phytochemicals in
fruits and vegetables have been shown to inhibit colon
cancer development in animal model studies.

[0004] There remains a need for identifying natural com-
pounds, phytochemicals and food extracts that are effective
as chemopreventatives against cancer, including colon can-
cer. The present inventors have discovered that composi-
tions comprising anthocyanin-rich extracts are effective for
inhibiting cancer cell growth, and have further discovered
methods for specifically inhibiting the growth of colon
cancer cells without inhibiting the growth of normal colonic
cells.

SUMMARY OF THE INVENTION

[0005] The present invention provides compositions and
methods for inhibiting the growth and cell cycle progression
in carcinoma cells comprising the step of contacting the cells
with an anthocyanin rich extract (ARE) in an amount
effective to inhibit the growth and cell cycle progression of
the carcinoma cells without effecting the growth and cell
cycle progression on normal cells. The invention further
provides therapeutic compositions and methods of inhibiting
the growth and cell cycle progression of carcinoma cells in
a patient comprising administering to a patient a therapeu-
tically effective amount of an anthocyanin-rich extract with
the proviso that the anthocyanin rich extract does not effect
the growth and cell cycle progression of normal cells in the
patient. In preferred embodiments, the anthocyanin-rich
extract useful in the compositions and methods of the
invention are derived from chokeberries (Aronia melon-
carpa E.), bilberries (Vaccinium myrtillus L.), grapes (Vitis
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vinifera) or combinations thereof. In preferred embodiments
the carcinoma cells are colon carcinoma cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a bar graph showing the effect of choke-
berry ARE on growth of colon cancer HT-29 cells over time.

[0007] FIG. 2 is a bar graph comparing the effect of
chokeberry ARE on growth of colon cancer HT29 cells with
normal colon NCM460 cells.

[0008] FIG. 3A-B shows the effect of ARE on cell cycle
progression of HT-29 cells; FIG. 3A are a series of histo-
grams showing cell cycle distribution of control (vehicle)
and ARE-treated (50 ug/ml) HT-29 cells after 24, 48 and 72
h of exposure and FIG. 3B is a bar graph showing the
percent cells in each cell cycle phase after 24, 48 and 72 h
of exposure to vehicle (con) or chokeberry ARE (ARE)
media.

[0009] FIG. 4A-C are electropherograms showing
changes in expression of p21™4F! gene relative to 18S gene
analyzed by multiplex RT-PCR; FIG. 4A is an electrophero-
gram (solid line) of control experiment; FIG. 4B is an
electropherogram (dashed line) of ARE treated experiment;
and FIG. 4C shows the superimposition of electrophero-
grams of treated experiment over control experiment.

[0010] FIG. 5 is a graph showing the fold increases in
expression of p21VAF! and p27¥*! genes in HI-29 cells
exposed to ARE.

[0011] FIG. 6 is a graph showing fold decreases in expres-
sion of Cyclin A and Cyclin B1 genes in HT-29 cells exposed
to 50 ug/ml of ARE for 24 h, 48 h and 72 h.

[0012] FIG. 7A-B shows the basal level expression of
COX-1 and COX-2 genes in colon cell lines NCM460 and
HT-29; FIG. 7A is a Gel-like image from Agilent bioana-
lyzer 2100 of semiquantitative RT-PCR amplification of
cyclooxygenase genes in NCM460 (A) and HT-29 (B)
demonstrates a higher expression of COX-1 gene (401 bp)
in NCM460 normal colon epithelial cells (AI) as compared
to the expression in HT-29 cells (B1). COX-2 gene (297 bp)
expression in NCM460 (A2) was lower compared to COX-2
expression in HT-29 colon cancer cells (B2); and FIG. 7B
is a bar chart that depicts the differences in COX-1 and
COX-2 gene expression in normal and cancer colon cell
lines.

[0013] FIG. 8A-C are graphs showing the effect of ARE
exposure on COX-2 in HT-29 cells; FIG. 8A shows the
percent change in expression of COX-2 gene induced by
ARE exposure in HT-29 cells; FIG. 8B shows the quanti-
tative EIA determination of COX-2 protein in HT-29 cell
lysates; and FIG. 8C is a bar graph showing the media from
COX-2 protein experiment was analyzed for PGE, produc-
tion.

[0014] FIG. 9 shows the anthocyanin pigment profile of
commercial AREs derived from grape, bilberry, and choke-
berry, run under identical HPLC conditions.

[0015] FIG. 10 is a graph showing cell growth over time
of HT-29 and NCM cell lines exposed to anthocyanin rich
extracts. Controls: no treatment and vehicle only. B25, B50,
B75: bilberry at 25 ug/mL, 50 ug/mL and 75 ug/mL respec-
tively.
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[0016] FIG. 11 is a graph showing aberrant crypt foci
development in rats fed either a control diet or a diet
contaiing ARE.

[0017] FIG. 12 is a graph showing the expression of
cyclooxygenase-2 (Cox-2) gene expression in the colonic
mucosa of rats fed either a control or an ARE diet.

[0018] FIG. 13 is a graph showing the expression of
cyclooxygenase-1 (Cox-1) gene in the colonic mucosa of
rats fed either control or an ARE diet.

[0019] FIG. 14A-C shows the percentage of growth inhi-
bition of HT 29 colonic cancer cells treated with various
ARE fractions. FIG. 14A is purified chokeberry anthocya-
nin fraction. FIG. 14B is a purified fraction of aglycon
chokeberry ARE. FIG. 14C is purified bilberry anthocyanin
fraction.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] The present invention provides compositions and
methods for inhibiting the growth and cell cycle progression
in carcinoma cells comprising the step of contacting the cells
with an anthocyanin rich extract (ARE) in an amount
effective to inhibit the growth and cell cycle progression of
the carcinoma cells without effecting the growth and cell
cycle progression on normal cells. The invention further
provides therapeutic compositions and methods of inhibiting
the growth and cell cycle progression of carcinoma cells in
a patient comprising administering to a patient a therapeu-
tically effective amount of an anthocyanin-rich extract that
inhibits the growth and cell cycle progression of carcinoma
cells without effecting the growth and cell cycle progression
of normal cells in the patient. In preferred embodiments, the
anthocyanin-rich extract useful in the compositions and
methods of the invention is derived from chokeberries
(Aronia meloncarpa E.), bilberries (Vaccinium myrtillus L.),
grapes (Vitis vinifera) or combinations thereof. In one pre-
ferred embodiment the ARE is derived from chokeberries. In
other preferred embodiments the carcinoma cells are colon
carcinoma cells.

[0021] Anthocyanins are flavonoid pigments in blue and
red fruits and vegetables. Bioflavonoids are the isoflavonoid
and flavonoid compounds contained in certain foods such as
berries. Phenolics are compounds with a phenyl group and
having one or more hydroxyl groups contained in certain
foods such as berries. Fruits and vegetables contain three
main classes of dietary phenolics; flavonoids, phenolic acids
and polyphenols. Over 5,000 different flavonoids have been
described, and they are categorized into flavonols, flavones,
catechins, flavanones, anthocyanidins and isoflavonoids. In
recent years a large number of investigators have studied
how polyphenols and proanthocyanidins may act as anti-
cancer agents by protection against free radical damage. The
different hydroxylation, glycosylation and acylation patterns
may modulate their antioxidative and biological. Acylated
anthocyanins have been reported to have increased antioxi-
dant activity as compared to their non acylated counterparts
and studies suggest that antioxidant compounds may be
effective against various cancers. The inventors have
obtained data suggesting that anthocyanin-rich extracts may
be potent inhibitors of cell proliferation by blocking the cell
cycle in colon cancer cells (see Example 1).
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[0022] “Anthocyanin-rich extracts” or “AREs” are
extracts derived from foods such as fruits and vegetables
that are preferably, semi-purified, purified and/or concen-
trated such that the water content, sugar content and acid
content are reduced and the remaining components are
mainly the phenolics including anthocyanins. AREs are
known in the art and many are readily available commer-
cially from sources such as Artemis International, Inc.
(Madera, Calif). Concentrated and highly concentrated
(about at least 2-3 grams of monomeric anthocyanin per liter
or per kg) AREs obtained using standard separation and
purification techniques and are also readily commercially
available in the form of powders and liquids. Methods for
obtaining AREs and isolated and concentrated anthocyanins
are well known in the art (see, the Examples infra).

[0023] Fruits and vegetable that are particularly suitable
for providing anthocyanin rich extracts include those fruits
and vegetables preferably containing approximately at least
10 mg per 100 g of fresh fruit. In preferred methods and
compositions of the invention, the AREs are derived and
concentrated from berries and vegetables including but not
limited to chokeberry, black raspberry, red raspberry, blue-
berry, blackberry, cranberry, bilberry, black currant, cherry,
elderberry, grape, kiwi, strawberry, purple potatoes and
black carrots or combinations of any of the above. Alterna-
tively, blueberries and cherries extracts are not used. In one
preferred embodiment, the ARE is derived from chokeberry,
bilberry or grape or combinations thereof. In another pre-
ferred embodiment, the ARE is derived from chokeberry and
the major anthocyanin contained in extract of chokeberry is
cyanidin-3-galactoside.

[0024] In accordance with the invention, carcinoma cells
include abnormal cancer cells associated with colorectal
cancer, ovarian cancer, bone cancer, renal cancer, breast
cancer, gastric cancer, pancreatic cancer, melanoma,
hematopoietic tumors such as lymphoma, leukemia, plasma
cell dyscrasias, and multiple myeloma and amylodosis.
Preferably, the growth and cell cycle progression of colon
carcinoma cells are inhibited by the methods and composi-
tions of the invention.

[0025] In one preferred embodiment, the invention pro-
vides a method for inhibiting the growth and cell cycle
progression of carcinoma cells, comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effect to down regulate Cox 2 gene expression in
carcinoma cells without effecting Cox 1 or Cox 2 gene
expression in normal cells. In preferred embodiments antho-
cyanin-rich extract is derived from bilberries, grapes or
combinations thereof. In other preferred embodiments, the
carcinoma cells are colon carcinoma cells.

[0026] In another preferred embodiment, the invention
provides a method for inhibiting the growth and cell cycle
progression of carcinoma cells, comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effective to up regulate the gene expression of
p2l . and p27%F! in carcinoma cells without effecting
p21  and p27¥™! gene expression in normal cells. In one
preferred embodiment, the carcinoma cells are colon carci-
noma cells. In another preferred embodiment, the anthocya-
nin-rich extract is derived from chokeberries, bilberries or
grapes or combinations thereof. In yet another preferred
embodiment, the anthocyanin-rich extract is derived from
chokeberries.
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[0027] In another preferred embodiment, the invention
provides a method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effective to cause dual blockage of cell cycle pro-
gression at both the G,/G, and G,/M phases of the cell cycle
without effecting the cell cycle progression in normal cells.
In one preferred embodiment, the carcinoma cells are colon
carcinoma cells. In another preferred embodiment, the
anthocyanin-rich extract is derived from chokeberries, bil-
berries or grapes or combinations thereof. In yet another
preferred embodiment, the anthocyanin- rich extract is
derived from chokeberries.

[0028] In yet another preferred embodiment, the invention
provides a method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effective to down regulate the gene expression of
cyclin A and cyclin B1 without effecting the gene expression
of cyclin A and cyclin B1 in normal cells. In one preferred
embodiment, the carcinoma cells are colon carcinoma cells.
In another preferred embodiment, the anthocyanin-rich
extract is derived from chokeberries, bilberries or grapes or
combinations thereof. In yet another preferred embodiment,
the anthocyanin-rich extract is derived from chokeberries.

[0029] In another preferred embodiment, the invention
provides a method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effective to up regulate the gene expression of
p21 and p27¥T?! and down regulate gene expression of
cyclin A and cyclin B1 in carcinoma cells, without effecting
the gene expression of p21VAF! p275F! cyclin A and
cyclin B1 in normal cells. In one preferred embodiment, the
carcinoma cells are colon carcinoma cells. In another pre-
ferred embodiment, the anthocyanin-rich extract is derived
from chokeberries, bilberries or grapes or combinations
thereof. In yet another preferred embodiment, the anthocya-
nin-rich extract is derived from chokeberries.

[0030] The terms “cell cycle” and “cell cycle progression”
are well known in the art (see for example Molecular
Biology of the Cell, Bruce Alberts et al., 4™ ed. (2002)
Garland Science New York, N.Y.) and essentially refer to the
phases involved in cellular reproduction. Briefly, the two
major cell cycle phases include the S phase for DNA
duplication and the M phase for mitosis. There are gap
phases that function to extend the time for carrying out the
S or M phase. The G, gap phase occurs between M phase
and the S phase and the G2 phase occurs between the S
phase and the M phase of the cell cycle. In certain circum-
stances, cells may delay their progress through the G, phase
and enter a resting phase called Go. Cell growth and cell
cycle progression may be inhibited, arrested or blocked at
any one or more points in the cell cycle growth and
progression by any number of internal and external influ-
ences on the cell. The present invention focuses on the
effects that the AREs of the invention have on the growth
and progression of the cell cycle and particularly inhibition
of cell growth and cell cycle progression.

[0031] A patient, including mammals, and specifically
humans, suffering from colorectal cancer, ovarian cancer,
bone cancer, renal cancer, breast cancer, gastric cancer,
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pancreatic cancer, melanoma, hematopoietic tumors such as
lymphoma, leukemia, plasma cell dyscrasias, and multiple
myeloma and amylodosis cancer can be treated by the
topical or systemic administration to the patient of an
effective amount of an ARE in accordance with the inven-
tion, preferably in the presence of a pharmaceutically
acceptable carrier or diluent.

[0032] Thus, the invention provides a method of inhibiting
the growth and cell cycle progression of carcinoma cells in
a patient comprising administering to a patient a therapeu-
tically effective amount of an anthocyanin-rich extract effec-
tive to inhibit the growth and cell cycle progression of
carcinoma cells without effecting the growth and cell cycle
progression of normal cells in the patient. In one embodi-
ment the carcinoma cells are colon carcinoma cells. In
another embodiment, the anthocyanin-rich extract is derived
from chokeberries, bilberries, grapes or combinations
thereof.

[0033] In another preferred embodiment, the invention
provides a method of inhibiting the growth and cell cycle
progression of colon carcinoma cells in a patient comprising
administering to a patient a therapeutically effective amount
of an anthocyanin-rich extract derived from chokeberries
capable of causing dual blockage of cell cycle progression at
both the G,/G, and G,/M phases of the cell cycle without
effecting the cell cycle progression in normal cells.

[0034] The invention further provides a pharmaceutical
composition preferably comprising a pharmaceutically
acceptable carrier and an anthocyanin-rich extract (ARE)
capable of inhibiting the growth and cell cycle progression
of carcinoma cells in a patient without effecting the growth
and cell cycle progression of normal cells in the patient. The
pharmaceutical composition preferably comprises an antho-
cyanin-rich extract derived from chokeberries, bilberries,
grapes or combinations thereof. In a preferred embodiment,
the pharmaceutical composition comprises an ARE derived
from chokeberries.

[0035] In yet another embodiment the invention provides
a pharmaceutical composition comprising a pharmaceuti-
cally acceptable carrier and an anthocyanin-rich extract
capable of causing dual blockage of cell cycle progression at
both the G,/G, and G,/M phases of the cell cycle in a patient
without effecting the cell cycle progression in normal cells
in the patient. The pharmaceutical composition preferably
comprises an anthocyanin-rich extract derived from choke-
berries, bilberries, grapes or combinations thereof. In a
preferred embodiment, the pharmaceutical composition
comprises an ARE derived from chokeberries.

[0036] In one embodiment, anthocyanin-rich extracts of
the invention can be formulated for administration as a food
supplement using one or more fillers. Neutraceuticals com-
positions can be formulated for administration by any route
including, but not limited to, inhalation, insufflation
(through mouth or nose) oral, buccal, parenteral, vaginal or
rectal administration. In one embodiment for oral adminis-
tration, the pharmaceutical compositions are added directly
to foods ingested as part of a normal meal. Various methods
are known to those skilled in the art for addition or incor-
poration of nutraceuticals into foods. Alternatively, AREs in
accordance with the invention can be administered as con-
ventional pharmaceuticals as is described below.

[0037] The pharmaceutical compositions in accordance
with the invention can be administered subcutaneously,
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intravenously, intraperitoneally, intramuscularly, parenter-
ally, orally, submucosally, by inhalation, transdermally via a
slow release patch, or topically, in an effective dosage range
to treat the target condition. Typical systemic dosages for all
of the herein described conditions are those ranging from
0.01 mg ARE/kg to 500 mg ARE/kg of body weight per day
as a single daily dose or divided daily doses. Typical daily
dosages can range from 0.1 mg-300 mg, preferably 1-200
mg, and more preferably between 60-100 mg. Typical dos-
ages for topical application are those ranging from 0.001 to
100% by weight of the ARE. The pharmaceutical compo-
sition is administered for a sufficient time period to alleviate
the undesired symptoms and the clinical signs associated
with the condition being treated.

[0038] The concentration of ARE in the pharmaceutical
composition will depend on absorption, inactivation and
excretion rates of the drug as well as other factors known to
those of skill in the art. It is to be noted that dosage values
will also vary with the severity of the condition to be
alleviated. It is to be further understood that for any par-
ticular subject, specific dosage regimens should be adjusted
over time according to the individual need and the profes-
sional judgment of the person administering or supervising
the administration of the compositions, and that the dosage
ranges set forth herein are exemplary only and are not
intended to limit the scope or practice of the claimed
composition. The pharmaceutical composition may be
administered all at once, or may be divided into a number of
smaller doses to be administered at varying intervals of time.

[0039] A preferred mode of administration of the pharma-
ceutical composition for systemic delivery is oral. Oral
compositions will generally include an inert diluent or an
edible carrier. They may be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral therapeutic
administration, the active compound, can be incorporated
with excipients and used in the form of tablets, troches or
capsules. Pharmaceutically compatible binding agents, and/
or adjuvant materials can be included as part of the com-
position.

[0040] The tablets, pills, capsules, troches and the like can
contain, any of the following ingredients, or compounds of
a similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel
or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a
sweetening agent such as sucrose or saccharin; or a flavoring
agent such as peppermint, methyl salicylate, or orange
flavoring. When the dosage unit form is a capsule, it can
contain, in addition to material of the above type, a liquid
carrier such as a fatty oil. In addition, dosage unit forms can
contain various other materials which modify the physical
form of the dosage unit, for example, coatings of sugar,
shellac, or other enteric agents.

[0041] The pharmaceutical compositions of the invention
can be administered as a component of an elixir, suspension,
syrup, wafer, lozenge, chewing gum or the like. A syrup may
contain sucrose as a sweetening agent and certain preserva-
tives, dyes and colorings and flavors.

[0042] Solutions or suspensions used for parenteral, intra-
dermal, subcutaneous, or topical application can include the
following components: a sterile diluent such as water for
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injection, saline solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl para-
bens; antioxidants such as ascorbic acid or sodium bisulfite;
chelating agents such as ethylenediaminetetraacetic acid;
buffers such as acetates, citrates or phosphates and agents for
the adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide. The parenteral
preparation can be enclosed in ampoules, disposable
syringes or multiple dose vials made of glass or plastic.

[0043] If the pharmaceutical compositions of the inven-
tion are administered intravenously, preferred carriers are
physiological saline,bacteriostatic  water, Cremophor
EL.TM. (BASF, Parsippany, N.J.) or phosphate buffered
saline (PBS). In a preferred embodiment, the pharmaceutical
compositions are prepared with carriers that will protect the
compound against rapid elimination from the body, such as
a controlled release formulation, including implants and
microencapsulated delivery systems.

[0044] Suitable vehicles or carriers for topical application
can be prepared by conventional techniques, such as lotions,
suspensions, ointments, creams, gels, tinctures, sprays, pow-
ders, pastes, slow-release transdermal patches, suppositories
for application to rectal, vaginal, nasal or oral mucosa. In
addition to the other materials listed above for systemic
administration, thickening agents, emollients and stabilizers
can be used to prepare topical compositions. Examples of
thickening agents include petrolatum, beeswax, xanthan
gum, or polyethylene, humectants such as sorbitol, emol-
lients such as mineral oil, lanolin and its derivatives, or
squalene.

EXAMPLES
Example 1

Studies Showing that AREs Induce a Cell Cycle
Block in Colon Cancer but not Normal Colonic
Cells

[0045] Introduction-Anthocyanin-rich extracts, potent
antioxidants and commercially available food coloring
agents, have been reported to inhibit growth of various
cancer cell lines. We investigated the effect of semi-purified
anthocyanin-rich extract from fruits of Aronia meloncarpa,
on normal colon and colon cancer cell lines. A 24 h exposure
to 50 ug monomeric anthocyanin/ml of Aronia extract
resulted in 60% growth inhibition of human HT-29 colon
cancer cells. The treated cells showed a blockage at G1/GO
and G2/M phases of the cell cycle. The cell cycle arrest
coincided with an increased expression of the p21%¥4F* and
p275F genes and decreased expression of Cyclin A and B
genes. Prolonged exposure to the extract resulted in no
further change in the cell number indicating a cytostatic
inhibition of cell growth. NCM460 normal colon cells
demonstrated <10% growth inhibition at the highest con-
centration of 50 ug/ml extract. A 35% decrease in the
cyclooxygenase-2 gene expression was observed within 24
h of exposure of HT-29 cells but did not translate into
decreased protein levels or protein activity.

[0046] Materials and Methods

[0047] Cell Culture—Human HT-29 colon cancer cells
(ATCC, HTB38) were grown in McCoy’s 5A medium
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(BioWhitaker Inc., Walkersville, Md.), and normal colon
epithelial cells, NCM460 (INCELL Corp. LLC, Austin,
Tex.) were grown in 25% conditioned M3:10 medium
(INCELL Corp., LLC). Media were supplemented with 10%
fetal bovine serum (FBS) and 1x antibiotic-antimycotic
(Invitrogen Corporation, Carlsbad, Calif.), and cells were
maintained in a humidified atmosphere of 95% air/5% CO,
at 37° C.

[0048] Anthocyanin-Rich Extract (ARE) The ARE from
Aronia meloncarpa E. (chokeberry; Artemis International,
Inc., Madera, Calif.) was semi-purified by solid-phase
extraction using a C-18 cartridge (Waters Corp., Milford,
Mass.). Briefly, 10 g of powdered extract was dissolved in
100 ml 0.01% HCIL. The extract was loaded onto a C-18
cartridge that had been pretreated with ethanol (100%),
followed by acidified water (0.01% HCI). Anthocyanins and
other phenolics that bind to the C-18 cartridge were recov-
ered with ethanol containing 0.01% HCI. The alcohol was
evaporated at 40° C., and the solutes re-dissolved in 10 ml
0.01% HCl-deionized water (vehicle). Monomeric antho-
cyanin content was determined by the pH-differential
method (15).

[0049] Cell Proliferation—Freshly trypsinized cells were
seeded in 25-cm” (1x10° cells) or 75-cm” (2x10° cells) flasks
in duplicate. The cells were grown for 24 h under normal
growth conditions prior to treatment with chokeberry ARE.
Freshly prepared ARE was added in concentrations ranging
from 10 to 200 ug monomeric anthocyanin/ml medium. A
vehicle control contained acidified water and was added at
the same volume as ARE added to treated cells. The addition
of the small amount of acidified extract (pH 4.0) did not
affect the pH of the media. Cells were also grown in media
alone (no-vehicle control) to ensure there was no effect of
the vehicle on the growth of the cells. Prior to exposure to
ARE for 24 h, 48 h or 72 h treatments, the medium was
replaced with fresh medium (10% FBS) containing either
vehicle control (acidified water) or ARE. For each time
point, the cells were trypsinized and centrifuged at 400 g for
10 min at room temperature. Aliquots of cells were counted
using a hemacytometer and viability measured using Trypan
blue dye exclusion.

[0050] Cell Cycle Analysis—Cell cycle analysis was per-
formed using flow cytometry. HT-29 cells were seeded
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(2><106 cells/75-cm? flask) in duplicate and incubated for 24
h before exposure to 50 g monomeric anthocyanin/ml for
various time periods of 24 h, 48 h and 72 h. All experimental
conditions were as described above for the cell proliferation
study. To further analyze if the cells recovered from growth
inhibition after initial 24 h exposure to ARE, cells were
grown for an additional 24 h in fresh media that did not
contain either ARE or acidified water. Approximately 1x10°
cells were fixed in cold 70% ethanol and analyzed for cell
cycle distribution as described by Park and Schoene (16).
Briefly, the fixed cells were centrifuged, washed with 1x
phosphate buffered saline (PBS) and then stained for DNA
content by resuspending in 1 ml staining solution (PBS
containing 20 ug propidium iodide and 25 mg ribonuclease
A) (16). Cells were stained for 30 min at room temperature
and then immediately analyzed by flow cytometry. Data
were collected for 10,000 cellular events per sample using a
FACSCalibur cytometer and CELLQuest software (Becton
Dickinson, San Jose, Calif.). Cell cycle distribution percent-
ages of stained nuclei were calculated using Modfit LT
software (Verity Software House, Inc., Topsham, Me.). The
DNA QC Particle Kit, for verification of instrument perfor-
mance, was purchased from Becton Dickinson.

[0051] Gene Expression Analysis—HT-29 and NCM460
cells (2x10° cells/75-cm? flasks) were incubated for 24 h in
the presence of 10-50 ug/ml media. After exposure to ARE
for 24 h, 48 h and 72 h the cells were either directly lysed
in the flasks or trypsinized and counted before total cellular
RNA was extracted using TRIzol Reagent (Invitrogen,
Calif.)) according to the manufacturer’s protocol. RNA
samples were treated with DNAse-I enzyme using the
DNA-free kit (Ambion Inc., Austin, Tex.). RNA Nano
LabChip® and the Agilent 2100 bioanalyzer (Agilent Tech-
nologies, Palo Alto, Calif.) were used to check the quality
and the quantity of the isolated total RNA. First strand
synthesis was done using Retroscript kit (Ambion Inc.) and
c¢DNA was measured spectrophotometrically.

[0052] Changes in gene expression were determined using
multiplex RT-PCR. Table 1 lists the genes of interest and
primer sequences.

TABLE 1
Primer sequences (5'—3') and expected product size
Gene Product
Name Sequence of Primers Size SEQ ID NO
p21wart forward: 5'-GGAACTTCGACTTTGTCACCGAG-3' 561 bp SEQ ID 1
reverse: 5'-GAACCTCTCATTCAACCGCCTAG-3' SEQ ID 2
p27¥TPL forward: 5'-TGCCTCTAAAAGCGTTGGAT-3' 542 bp SEQ ID 3
reverse: 5'-TTTTTGCCCCAAACTACCTG-3' SEQ ID 4

Cyclin Bl forward:

5'-GGCCAAAATGCCTATGAAGA-3' 589 bp SEQ ID 5

reverse: 5'-AAACATGGCAGTGACACCAA-3' SEQ ID 6
Cyclin A forward: 5'-CAGCCATTAGTTTACCTGGACC-3' 542 bp SEQ ID 7
reverse: 5'-TGTTGGAGCAGCTAAGTCAAAA-3' SEQ ID 8
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[0053] Ribosomal 18S (Ambion Inc.) was used as the
internal control. The 18S primer:competimer ratio was opti-
mized according to the manufacturer’s-instructions before
changes in expression of these genes was studied. After
optimization of PCR conditions for a multiplex reaction (cell
cycle, primer conditions and annealing temperature) the
following parameters were used for the assay: 1x complete
reaction buffer; ANTPs mixture (200 uM each); 18S prim-
ers:competimers (1:9) mixture (0.4 uM), p21%2F primer
(0.4 uM) or p27<** primer (0.4 uM) or Cyclin A (0.2 uM)
or Cyclin B1 (0.2 uM) and 0.4 U/10 ul Tag DNA poly-
merase. The amplification conditions used were: one 2-min
cycle at 92° C. followed by 27 cycles of denaturation for 30
s at 92° C., annealing for 40 s at 60° C. and extension for 1
min at 72° C. A final extension was given for 5 min at 72°
C. before analysis of the PCR products.

[0054] Changes in expression of cyclooxygenase genes
were studied using human COX-1 and COX-2 gene-specific
Relative RT-PCR Kits (Ambion Inc.). Ribosomal gene 18S
(498 bp) was used as an internal control. PCR assay con-
ditions were optimized before changes in expression of
COX-1 gene (401 bp) and COX-2 gene (297 bp) was
analyzed. The multiplex reaction contained 1x complete
reaction buffer; ANTPs mixture (200 uM each); 18S prim-
ers:competimers (1:9) mixture (0.4 uM), 0.4 uM COX-1
primer or 0.4 uM COX-2 primer and 0.4 U/10 ul Tag DNA
polymerase. The following thermocycling conditions were
used for PCR assays: one 2-min cycle at 92° C. followed by
26 cycles of denaturation for 30 s at 92° C., annealing for 30
s at 59° C. (COX-1) or 30 s at 60° C. (COX-2), and
extension for 1 min at 72° C. The final extension was given
for 5 min at 72° C.

[0055] The PCR products from multiplex reactions were
analyzed using DNA 500 or DNA 7500 LabChip® and
Agilent 2100 bioanalyzer according to the manufacturer’s
protocol. The changes in the gene expression were repre-
sented by the changing ratio between the area of bands
representing gene of interest and the band representing 18S
gene. Aratio difference in the control versus the treated cells
is the measure of change in gene expression.

[0056] COX-2 Protein Assay—HT-29 and NCM460 cells
seeded in 25-cm? flasks (1x10° cells) and exposed to 50
ug/ml ARE for 24 h, 48 h, and 72 h were trypsinized and
counted. COX-2 protein was measured using TiterZyme®
EIA (Assay Designs, Inc., Ann Arbor, Mich.) according to
the manufacturer’s instructions.

[0057] Prostaglandin-E2 Assay-The amounts of prostag-
landin-E2 (PGE,) in the culture medium were determined
using EIA kit (Cayman Chemical, Ann Arbor, Mich.) fol-
lowing manufacturer’s protocol. In short, the culture
medium from each time frame was centrifuged at 800 g for
5 min and the supernatant stored at —~80° C. The supernatant
was added to 96-well plates, coated with an anti-mouse
antibody, mixed with a PG/acetylcholinesterase tracer and a
monoclonal antibody against prostaglandin and incubated at
4° C. overnight. Unbound PG/acetylcholinesterase was
removed and washed extensively and bound acetylcholinest-
erase was detected by Ellman’s reagent and measured at 405
nm.

[0058] Results

[0059] Chokeberry ARE Inhibits Growth of Human HT-29
Colon Cancer Cells—Growth of HT-29 cells exposed to 50
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g monomeric anthocyanin/ml was inhibited 60-70% within
the first 24 h (FIG. 1). Although continuous exposure of
HT-29 cells to ARE for up to 72 h resulted in ca. 90%
inhibition of growth relative to the control cells (FIG. 1), the
number of cells did not change with time, and >95% of the
cells were viable, indicating a cytostatic inhibition.

[0060] Inhibition of HT-29 cell growth by chokeberry
ARE was concentration dependent up to 50 ug monomeric
anthocyanin/ml of medium (data not shown). At higher
concentrations of ARE, inhibition of growth reached a
plateau and the cells were no longer viable, as analyzed by
Trypan blue dye exclusion (data not shown). HT-29 cells
incubated in the presence of acidified water (vehicle control)
grew at the same rate as cells incubated in media alone
(no-vehicle control) indicating that acidified water used in
preparation of ARE did not affect the growth of cells (data
not shown).

[0061] Chokeberry ARE does not Inhibit Growth of
Human NCM460 Normal Colon Cells—To assess whether
ARE inhibits normal cell growth, we exposed NCM460
derived from normal colon epithelial cells (17), to the same
concentrations of chokeberry ARE. This study shows for the
first time that, growth of normal human NCM460 colon cells
was inhibited less than 10% by exposure to 50 ug/ml of
media for 24 h in contrast with HT-29 colon cancer cells
where growth inhibition of 65% was observed (FIG. 2).

[0062] Chokeberry ARE induces a Dual Block in Cell
Cycle of HT-29 Cells—We investigated whether ARE-
induced inhibition of cell growth is through a blockage in
progression of cells through the cell cycle. In the present
study, chokeberry ARE arrested the HT-29 cells at G1/GO
phase of the cell cycle with an accompanied concomitant
decrease of percentage of cells in S phase and an increase in
the G2/M phase (FIG. 3A). As shown in FIG. 3B, within 24
h of exposure the percentage of cells in G1/GO phase
increased from 54% to 63%, the percentage of cells in S
phase decreased from 41% to 20%, and in G2/M phase the
cell percentage increased from 5% to 17%. The increase in
percentage of cells in the G2/M phase was more apparent
with continued exposure to ARE for up to 48 h and 72 h
(FIG. 3B). Compared with the controls at 48 h and 72 h,
there was an almost 5-fold increase in accumulation of cells
in the G2/M phase with a concomitant decrease of cells in
S phase. No sub-GO peaks indicative of apoptosis were
observed in any experiments.

[0063] To determine if the block in the cell cycle was
reversible, the ARE was removed after 24 h of exposure and
cells were grown for another 24 h in ARE-free medium.
These cells recovered from both the G1/GO and G2/M
blocks. The percentage of cells in the S phase increased
approximately to the percentage in the control, indicating
the occurrence of DNA synthesis, and a corresponding
decrease in G1/GO and G2/M phases was observed (data not
shown). There was no change in the cell cycle of NCM460
cells exposed to 50 ug/ml for 24 h (data not shown).

[0064] Increased Expression of p2 and p2
Genes in ARE-treated HT-29 Cells—To evaluate the poten-
tial molecular mechanism by which the cell cycle is arrested
at G1/GO phase we assessed the expression of cyclin kinase
inhibitors, p21%AF* and p275"* genes. FIG. 4(A-C) illus-
trates the changes in expression of p21VAF! gene in HT-29
cells exposed to ARE. FIG. 8A shows the electropherogram

1WAF1 7KIP1
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of RT-PCR products from HT-29 cells exposed to vehicle
onlxv AFflor 24 h, where the internal control 18S and the
p21  genes are represented by peak 2 and peak 3, respec-
tively. FIG. 4B (dashed line) represents the electrophero-
gram of HT-29 cells treated with 50 ug/ml of chokeberry
ARE for 24 h. The Agilent 2100 bioanalyzer allows super-
imposition of the two electropherograms (FIG. 4C) and the
increased expression of p21™*F! gene (increased fluores-
cence of peak 3, dashed line) can be observed. The 18S peak
(peak 2), representing the internal control, from exposed as
well as the vehicle only control cells show very little change
in its expression. The lower marker (LM) and upper Marker
(UM) provided by the manufacturers are perfectly aligned.
The increase in expression of p21™A™ gene in ARE treated
HT-29 cells was observed in time dependent manner, with a
1.5 fold increase seen within 24 h of exposure. At the end of
72 h the expression of p21™*™ increased by 3 fold as
compared to control cells (FIG. 5). No significant change in
p21VAF expression was observed in NCM460 cells exposed
to 50 ug/ml ARE (data not shown).

[0065] The p27%™* gene expression demonstrated a simi-
lar pattern of regulation in the HT-29 cells exposed to ARE.
As observed in FIG. 5 the expression of p27¥™* gene
increased by 2 fold in HT-29 cells exposed to 50 ug/ml ARE
for 48 h, and there was no further increase observed by 72
h of exposure, as compared to cells exposed to vehicle alone.
NCM460 cells showed negligible difference in expression of
p275" gene in exposed cells compared to control cells
(data not shown).

[0066] Chokeberry ARE-treated HT-29 Cells show a
Decreased Expression of Cyclin Genes—Inhibition of
expression of Cyclin A and Cyclin B genes was consistent
with the blockage of HT-29 cells at the G2/M phase of the
cell cycle (FIG. 6). The inhibition of both genes was
observed in a time dependent manner. As seen in FIG. 6 at
the end of 72 h of exposure to ARE HT-29 cells demon-
strated 3-4 fold inhibition in the mRNA levels of Cyclin B1
and Cyclin A genes, respectively.

[0067] NCM460 Cells Express Higher Levels of COX-1
and Lower COX-2 as Compared to HT29 Cells—In the
present study, both COX-1 and COX-2 genes were
expressed in HT-29 and NCM460 cells as measured by
RT-PCR (FIG. 7A). As seen in gel image from Agilent 2100
bioanalyzer, expression of the COX-1 gene (401 bp, lane
Al) in normal NCM460 cells was higher than expression of
the COX-2 gene (297 bp, lane A2). In contrast, HT-29 cells
derived from colon adenocarcinoma had highly expressed
COX-2 gene (lane B2) as compared to the COX-1 gene (lane
B1). FIG. 7B represents data from two separate experi-
ments. NCM460 cells demonstrate almost 4 fold higher
expression of COX-1 gene as compared to the expression in
HT-29 cells. The normal cells also demonstrate a low level
of COX-2 gene expression.

[0068] Effect of Chokeberry ARE on COX-2 Gene
Expression and Activity—Chokeberry ARE inhibited
COX-2 gene expression in HT-29 cells within 24 h in a
concentration dependent manner, with exposures to as low
as 10 ug/ml chokeberry ARE (data not shown). At 50 ug/ml
chokeberry ARE exposure for 24 h the inhibition of COX-2
gene expression in HT-29 cells averaged a 32% decrease
(FIG. 8A). However, this was a transient effect. With
increased time of exposure up to 48 h and 72 h, the COX-2
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gene in HT-29 cells showed an increased expression to
almost 40%, when compared to cells grown in vehicle
control media (FIG. 8A). No significant change in COX-1
gene expression was observed in HT-29 cells (data not
shown). Normal colon cells, NCM460 cells did not show a
significant change in expression of either COX-1 or COX-2
genes (data not shown). We further determined if COX-2
protein expression and PGE2 production in HT-29 cells
exposed to ARE followed a similar pattern as COX-2 gene
expression. COX-2 protein (FIG. 18) and activity as mea-
sured by PGE2 production (FIG. 8C) was elevated in cells
treated with chokeberry ARE at all time points.

[0069] Discussion

[0070] We report that commercially available extract from
chokeberry fruits, rich in anthocyanins, can inhibit the
growth of colon cancer cells without affecting the growth of
normal colon cells in vitro. HPLC analysis of the commer-
cially available chokeberry ARE illustrated that it is a
mixture of phenolic compounds with cyanidin-3-galactoside
as the predominant anthocyanin. Almost 70% of total antho-
cyanins in chokeberry ARE is cyanidin-3-galactoside. The
colon cancer cells, HT-29 exposed to chokeberry ARE
demonstrated more than 65% growth inhibition within 24
hours of exposure and high cell viability suggesting a
cytostatic inhibition. Similar cytostatic inhibition of cell
proliferation and differentiation by anthocyanins was
reported by Kamei et al. (10), who demonstrated that
anthocyanins, such as delphinidin, cyanidin, and pelargoni-
din, significantly inhibited HCT-15 intestinal cancer cell
growth as compared with other flavonoids. There are few
literature reports of the effects of anthocyanins or other
flavonoids on growth of cells derived from normal tissue,
although growth of WI-38 fibroblasts from normal lung was
suppressed by anthocyanin and other flavonoids derived
from petals of Rosa and Chrysanthemum (10). We demon-
strated for the first time that NCM460 cells, which are
epithelial cells derived from the normal colon (17), grow
normally in presence of the chokeberry extract. Less than
10% growth inhibition was observed when the normal cells
were exposed for as long as 48 h. This inhibition was not
significant when compared to the 90% growth inhibition
observed in HT-29 colon cancer cells after 48 h of exposure.
Therefore, chokeberry ARE was able to specifically inhibit
growth of colonic cancer cells but not normal colonic cells.
One of the mechanisms of cell growth inhibition is the
alteration of movement of cells through the cell cycle.
Different anthocyanins have been reported to affect the cell
cycle at different phases (11, 18, 19). Exposed to anthocya-
nidins from grape rind and red rice, HCT-15 cells were
arrested at the S phase (11). Anthocyanin fractions extracted
from rose petals, and red and white wines, and synthetic
cytostatic agents arrested the cells at various stages, includ-
ing G1, S, and G2/M phases of cell cycle (18, 19).

[0071] Cell cycle progression is regulated by interaction
between cyclin-dependent kinases (CDKs) and cyclins,
members of cell cycle regulators, that bind to and activate
CDKs. Cyclin-dependent kinase inhibitors (CDKIs) also
play a critical role in controlling cell cycle progression by
negatively regulating the CDK activities (20-22). Two
CDKIs, p21™AF! and p27%™! are related proteins, which
bind to cyclin-CDK complexes and causes arrest in the G1
phase of the cell cycle (23). We evaluated the effect of
chokeberry ARE on cell cycle of HT-29 and NCM460 cells
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using flow cytometry. Within 24 h of exposure to ARE an
increased percentage of HT-29 cells were observed in G1/GO
phase indicating a block at that cell cycle checkpoint. In our
study, ARE-induced G1/GO cell cycle arrest coincided with
a marked increase in expression of p21™AF! and p275TF!
genes and was strongly dependent on time of exposure to
ARE. The movement of the cells from the S phase into the
G2/M phase appears to continue as observed by the decreas-
ing percentage of cells in S phase. Accumulation of the ARE
exposed cells in the G2/M phase suggests that the cells are
not reentering the G1/GO phase of the cell cycle. The G2/M
block can be attributed to increased inhibition of Cyclin A
and Cyclin B1 genes, as observed in the HT-29 cells that
were exposed to ARE as compared to the control cells.

[0072] Similar changes in cyclins and CDKIs have been
reported in colon cancer cells in response to various phy-
tochemicals. Down regulation of Cyclin A expression and up
regulation of p21™AF! and p27%™! resulting in cell cycle
arrest of various colon cancer cells on exposure to §-caro-
tene, a carotenoid (24) and tangeretin, a flavonoid (25) are
some examples. The increased expression of p21™*F* gene
due to ARE exposure can also be responsible for block at
both the G1/GO and G2/M phases of the cell cycle. The
p21  CDKI has broad specificity and is able to inhibit G1
as well as G2 phase cyclin-CDK complexes resulting in a
block at both phases of the cell cycle (26). This has been
demonstrated in human prostrate and mammary cancer cell
lines in response to genistein (27, 28). The p21%*F* can be
upregulated in both p53 dependent and independent manner
(29), and as HT-29 cell line is known to have a mutated p53
the induction of p21™AF! gene expression in these cells can
be presumed to be independent of p53 status.

[0073] Dual blockage at G1/GO and G2/M phases by
chokeberry ARE exposed HT-29 cells appears to be unique
though further identification of the active compounds in this
semi-purified extract is required. Interestingly, chokeberry
ARE does not appear to induce apoptosis at concentrations
of up to 50 ug/ml as was observed by the lack of the
apoptotic peak (sub-GO) in the cell cycle analysis. Choke-
berry ARE did not affect the cell cycle or expression of any
of the cell cycle genes in normal colon cells which supports
the hypothesis that cancer cell growth inhibition by ARE is
due to inhibition of cell cycle events.

[0074] An up-regulation in the expression of COX-2 has
been observed in colorectal adenomas and carcinomas with
an increase of COX-2 mRNA in 86% of carcinomas com-
pared with normal mucosa (30). Cyclooxygenase enzymes
catalyze the oxygenation of arachidonic acid, leading to
formation of prostaglandins. There are two isoforms of
cyclooxygenase; COX-1 is constitutively expressed in all
body tissues, also termed as having a ‘housekeeping’ role.
The other isoform is COX-2, which is induced, or up
regulated in response to inflammation (31). There is con-
troversy over whether a basal concentration of COX-2 gene
is expressed in all tissue (32). We were able to show that cell
line NCM460 derived from normal colon mucosa demon-
strates a very low level of COX-2 gene expression as
compared to the COX-1 gene that is constitutively
expressed. On the other hand, high expression of COX-2
gene in colon cancer cell line HT-29 has been shown
previously (33, 34).

[0075] Numerous epidemiological studies have shown
that inhibition of COX genes is linked to colon cancer
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prevention and drugs, especially non-steroidal anti-inflam-
matory drugs (NSAIDs), which inhibit the COX-2 enzyme,
can delay or prevent colon cancer (35, 36). Inhibition of the
activity of purified cyclooxygenase enzyme, in vitro, by
anthocyanin fractions isolated from different berries was
reported recently (37, 38). Seeram et al (38) demonstrated
that the anthocyanins cyanidin-3-glucosylrutinoside and
cyanidin-3-rutinoside from raspberries and sweet cherries
inactivated COX-1 and COX-2 enzymes. Therefore, we
investigated if the effect of the ARE on HT-29 cell prolif-
eration may be due to inhibition of cyclooxygenase expres-
sion or activity. NCM460 derived from normal epithelial
cells of colon showed a basal level of COX-2 RNA that was
not altered by exposure to chokeberry ARE. Comparatively,
basal levels of COX-2 RNA are higher in HT-29 cells
derived from colon adenocarcinoma. The difference in basal
levels of cyclooxygenase expression of the two cell lines
supported the hypothesis that the different growth response
of the two cell lines to chokeberry ARE may be through a
COX-dependent mechanism. However, further experimen-
tation illustrated that although 24 h exposure to ARE
decreased the level of COX-2 mRNA in HT-29 cells, this
decrease appeared to be a transient effect. An increase in
level of COX-2 gene expression was observed with
increased time of exposure of the HT-29 cells to chokeberry
ARE. Interestingly, the levels of COX-2 protein and PGE,
were significantly increased in cells treated with ARE,
indicating that the mechanism of growth inhibition was not
due to COX-2 inhibition. The significance of the increased
COX-2 activity in the HT-29 cells is not clear at this time.
Although anthocyanins may inhibit the activity of purified
COX enzymes in vitro (38), the growth inhibition of HT-29
cells by the chokeberry anthocyanin-rich extract does not
involve suppression of COX-2 activity and may act in a
COX-independent manner. It has been observed that
NSAIDs like celecoxib also affect growth of colorectal
cancer cells in a COX-independent manner (39) and it is
suggested that the mechanism may involve the peroxisome
proliferator-activated receptor (PPAR) family of nuclear
hormone receptors, inhibition of the NF-kB pathway, or
expression of the cell cycle genes (40-41).

[0076] Conclusion

[0077] In conclusion, anthocyanin-rich extract from
chokeberry specifically inhibited the growth and cell cycle
progression in colon carcinoma cells mainly through up
regulation of CDKIs, p21™F* and p275™* and down regu-
lation of cyclin A and cyclin B1. Little to no effect of the
ARE was observed on the growth of normal colon cells.
Additional studies investigating ARE mediated changes in
expression and activity of genes involved in cell cycle are
underway. Additionally, cyanidin-3-galactoside, the major
anthocyanin found in the extract of chokeberry ARE, may
have an effect on growth and cellular mechanisms of colon
cancer cell lines.
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Example 2

Characterization of Anthocyanin Rich Extracts
Having Biological Activity

[0120] Anthocyanins are the pigments responsible for the
bright attractive red, orange, purple, blue colors of most
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fruits and vegetables. Through the centuries anthocyanin-
containing products have been consumed without apparent
adverse effects. They have served as tools for botanical
classification since they can be used as a fingerprint that
identifies a commodity. Also, anthocyanins have found
considerable potential in the food industry as safe and
effective food colorants (Strack and Wray 1994, Giusti and
Wrolstad 1996). The worldwide demand for more “natural”
ingredients coupled with the discovery of acylated and
polyacylated anthocyanins with increased stability have
made these pigments even more attractive to the food
industry as alternatives to the use of artificial dyes (Bassa
and Francis 1987; Baublis and Berber Jimenez 1995; Giusti
and Wrolstad 1996; Rodriguez-Saona and others 1998).

[0121] The chemical structure of anthocyanin compounds
plays an important role on food systems. Anthocyanins
belong to the flavonoid group of compounds. Although
flavonoids are generally colorless, anthocyanins occur in the
cell sap in chemical states strongly absorbing visible light
(Brouillard, 1983). Anthocyanins are glycosides of antho-
cyanidin (aglycon) chromophores, these being polyhydroxy
and polymethoxy derivatives of 2-phenylbenzopyrylium
(flavylium) salts (Jackman and Smith, 1996; Brouillard,
1982). There are only 6 major anthocyanidins found in
nature (Table 2) in spite of the great variety of plant colors
(Goto, 1987).

TABLE 2

Chemical Structure and spectral characteristics of anthocyanidins
commonly found in nature

Substitution Pviax (o)

Aglycon R1 R2 visible spectra
Pelargonidin H H 494 (orange)
Cyanidin OH H 506 (Orange-red)
Delphinidin OH OH 508 (Bluish-red)
Peonidin OMe H 506 (Orange-red)
Petunidin OMe OH 508 (Bluish-red)
Malvidin OMe OMe 510 (Bluish-red)

[0122] Anthocyanidins are rarely found in their free form
in plant tissues and occur mainly in the glycosylated forms
(Harborne, 1979). The most common sugars substituted on
the aglycone are glucose, rhamnose, xylose, galactose, ara-
binose, and fructose. They occur as mono-, di- (sophorose,
rutinose, gentiobiose, laminaribiose) and tri-glycosides
(Francis, 1989).

[0123] There is a wide variety of chemical structures that
can be encountered among anthocyanins: different glycosy-
lating patterns, different acylating groups, many different
hydroxyl groups available for esterification of the acylating
groups and finally presence of cinnamic acids in different
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stereo isomeric forms (Dangles and others 1993, Giusti and
others 1998). The 3-hydroxyl is always replaced by a sugar,
which confers stability and solubility to the anthocyanin
molecule. When a second sugar is present, it is generally
attached to the C-5 hydroxyl. Other glycosylation positions
include the 7-, 3'-4' and 5'-hydroxyl groups (Francis 1989;
Brouillard 1982) and anthocyanins with five sugars (Platy-
codon grandiflorum) and six sugars (Ipomoea purpura) have
been reported, being attached to the basic molecule with
alternating sugar and acyl acid linkages (Francis 1989). The
nature of the sugar residue(s) appears to have a greater
influence on anthocyanin stability than the nature of the
aglycone, with decreasing stability reported for glycosyl
moieties in the order glucose>galactose>arabinose (Jack-
man and Smith 1996). The sugar residues are often acylated
(Formula 1) with aromatic acids including p-coumaric,
caffeic, ferulic, sinapic, gallic or p-hydroxybenzoic acids,
and/or aliphatic acids such as malonic, acetic, malic, suc-
cinic or oxalic acids (Jackman and Smith 1996). Acyl
substituents are commonly bound to the C-3 sugar, esterified
to the 6-OH or less frequently to the 4-OH group of the
sugars. However, anthocyanins containing rather compli-
cated acylation patterns attached on different sugar moieties
have been reported (Odake and others 1992; Lu and others
1992; Shi and others 1992; Goto 1987). Acylation has an
important stabilizing effect on anthocyanins via intramo-
lecular copigmentation. Formula 1 shows the chemical
structure of the highly stable acylated pigments from radish
(Raphanus sativus). Pigments: pelargonidin-3-sophoroside-
5-glucoside acylated with malonic acid and (4) p-coumaric
acid or (5) ferulic acid (modified from Giusti and others
(1998)).
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derivatives. There was a clear impact of glycosylation and
acylation on the stability of the compounds. We expect that
these chemical characteristics will also have a great impact
on the biological activity of these compounds. Acylated
anthocyanins would be the best choice as stable colorants to
be used by the food industry. However, limited research has
been conducted on the potential beneficial effects of acylated
anthocyanins.

[0125] Anthocyanins have been consumed for thousand of
years without any apparent adverse effect on human health
(Timberlake 1988; Brouillard 1982). On the contrary, ben-
eficial therapeutical properties have been attributed to antho-
cyanins. Preparations of anthocyanin-based extracts from
wild blueberries and European bilberries (Vaccinium myr-
tillus) are marketed as potent phytochemicals (Timberlake
1988).

[0126] Recently, interest in the anthocyanin content of
foods and anthocyanin extracts (food colorants) has inten-
sified because of their possible health benefits. Health ben-
efits associated with anthocyanin extracts include enhance-
ment of sight acuteness (Timberlake and Henry 1988),
antioxidant capacity (Wang and others 1997; Tamura and
Yamagami, 1994; Rice-Evans and others, 1996, Prior and
others 1998; Degenhard and others 2000), treatment of
various blood circulation disorders resulting from capillary
fragility (Timberlake and Henry 1988), vaso-protective and
anti-inflammatory properties (Lietti and others 1976), inhi-
bition of platelet aggregation (Morazzoni and Magistretti
1986), maintenance of normal vascular permeability (Tim-
beralke and Henry 1988), controlling diabetes, anti-neoplas-

Formula 1

Pigment 4: Ry =H
Pigment 5: Ry = OCH;

[0124] 1In a recent study (Giusti and others 1999) we
compared the effects of glycosylation and acylating on the
color characteristics and pigment stability of pelargonidin

tic and chemo protective activity (Kamei and others 1995;
Karaivanova and others 1990), radiation-protective activity
(Akhmadieva and others 1993), and possibly others due to
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their diverse action on various enzymes and metabolic
processes (Wang and others 1997).

[0127] A limitation of the study of anthocyanins is that
there are very few anthocyanin standards commercially
available, making it difficult to work with individual com-
ponents. Also, most of the studies performed with complex
matrixes have lacked chemical characterization of the test
material (uncharacterized crude extracts). These limitations
are confounded by the vast array of anthocyanins present in
nature, and by the complexity of food matrices. Polyphenols
Inc, a company based on Norway, has now a number of pure
anthocyanins commercially available.

[0128] For many biologically active natural compounds,
large doses need to be consumed in order to be effective. In
the mid 70’s, Kuhnau (1976) estimated that the daily intake
of anthocyanins in humans in the US was 180-215 mg/day
due to their widespread distribution and occurrence in fruits
and vegetables. The anthocyanin content of some fruits and
vegetables is presented in Table 3. Therefore, the high level
of anthocyanins present in the diet may offer an advantage
in this regard. There is also potential for drastically increas-
ing anthocyanin consumption by using them as natural
alternatives to the use of the artificial dyes to color foods,
mainly due to the fact that relatively large doses of antho-
cyanins pigments (as compared to synthetic dyes) are usu-
ally required to confer attractive color to foods.

TABLE 3

Anthoc anin Content of Somne Common Fruits and Ve etables

Pigment

content

(mg/100 g
Source fresh weight) Reference
Apples 10 Mazza and Miniati, 1993
Bilberries 300-320 Mazza and Miniati, 1993
Blackberries 83-326 Mazza and Miniati, 1993
Black currants 130-400 Timberlake, 1988
Blueberries 25-495 Mazza and Miniati, 1993
Red cabbage 25 Timberlake, 1988
Black chokeberries 560 Kraem er-Schafhalter et al., 1996
Cherries 4-450 Kraem er-Schafhalter et al., 1996
Cranberries 60-200 Timberlake, 1988
Elderberry 450 Kraem er-Schafhalter et al., 1996
Grapes 6-600 Mazza and Miniati, 1993
Kiwi 100 Kraem er-Schafhalter et al., 1996
Red Onions 7-21 Mazza and Miniati, 1993
Plum 2-25 Timberlake, 1988
Red radishes 11-60 Giusti et al., 1998
Black raspberries 300-400 Timberlake, 1988
Red raspberries 20-60  Mazza and Miniati, 1993
Strawberries 15-35 Timberlake, 1988
Tradescantia pallida 120 Shi et al., 1992
(leaves)

[0129] Flavonoids have been intensively investigated due
to their possible protective effects against chronic diseases
(Bohm and others 1998). Over 5,000 different flavonoids
have been described, and they are categorized into flavonols,
flavones, catechins, flavanones, anthocyanidins and isofla-
vonoids. Flavonoids have a variety of biological effects in
numerous mammalian cell systems, in vitro as well as in
vivo. Recently, much attention has been paid to their anti-
oxidant properties and to their inhibitory role in various
stages of tumor development in animal studies (Hollman and
Katan 1997, 1999; Rice-Evans and others 1996).
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[0130] The metabolism of flavonoids has been studied
frequently in various animals, but very few data in humans
are available. Two major sites of flavonoid metabolism are
the liver and the colonic flora (Hollman and Katan 1997).
Flavonoids present in foods were considered non-absorbable
because they are bound to sugars as beta-glycosides. Only
free flavonoids without a sugar molecule, the so-called
aglycones, were thought to be able to pass through the gut
wall. Hydrolysis only occurs in the colon by microorgan-
isms, which at the same time degrade flavonoids. Recently,
Hollman and Katan (1999) found that human absorption of
the quercetin glycosides from onions was far better than that
of the pure aglycone. The sugar moiety was an important
determinant of their absorption and bioavailability. Simul-
taneously, Miyazawa and coworkers (1999) reported that
cyanidin-3-glucoside and cyanidin-3,5-diglucoside were
found in the plasma of rats and humans 30 minutes after oral
supplementation of the pigments. Cyanidin aglycones or its
methylated or conjugated derivatives were not found in the
plasma after ingestion of the glucoside forms. These results
indicated that anthocyanins are incorporated keeping struc-
turally intact glycoside forms, from the digestive tract into
the blood circulation system in mammals.

[0131] Wine polyphenolic extract containing anthocya-
nins, flavonals, phenolic acids, catechin, epecatechin and
proanthocyanins significantly reduced the incidence and
number of colorectal tumors in F344 rats (Caderni and
others 2000). No change in the apoptosis index was
observed in the tumors from rats fed the wine extract. The
authors concluded that further studies are needed to eluci-
date which compounds are responsible for the effect, and the
mechanism of inhibition. Extracts of red wine that were free
of low-mass phenols, including anthocyanins, cathechins
and resveratrol did not suppress carcinogen-induced early
lesions number or size (Caderni and others 1999). These
data suggest that these compounds, either individually, or in
combination may be responsible for the anticarcinogenic
effect of the wine extracts containing low-mass phenolics.

[0132] The potential cancer chemo-preventive activity of
different berry derivatives, such as strawberry and black-
berry, has been reported by inhibiting the endogenous for-
mation of N-nitrosamines (Hesler and others 1992), reduc-
ing the incidence of esophageal tumors (Stoner and other
1997; Kresty and others 1998), and inhibiting cell transfor-
mation in the presence of benzo[a]pyrene (Xue and others
2001). Crude methanolic fractions, containing anthocyanin
pigments, were used in these studies. However, further
identification of the compounds in the fractions responsible
for the chemopreventive activity and possible mechanisms
involved in these processes are needed.

[0133] Recent studies have reported anticancer activity of
anthocyanin fractions extracted from different sources
including flower petals (Kamei and others 1995); grape rinds
and red rice (Koide and others 1996); red soybeans and red
beans (Koide and others 1997); Vaccinium species (Bomser
and others 1996) and purple corn (Hagiwara and others
2001).

[0134] The in vitro study conducted by Kamei and
coworkers (1995) showed that the anthocyanin fractions
were more effective than other flavonoids for direct cell
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growth inhibition, and proposed a cytostatic inhibitory
mechanism, affecting cell proliferation and differentiation.
Different degrees of inhibition of cancerous cell growth and
dose responses were also observed with individual isolated
anthocyanidins. A 50% cell growth suppression (HCT-15
cells derived from human colon carcinoma) was obtained at
0.5, 2 and 5 ug/ml dose with delphinidin, cyanidin and
pelargonidin, respectively.

[0135] Using the same HCT-15 model, Koide and cowork-
ers (1996 and 1997) found that different sources of antho-
cyanins, and even the presence of glycosylations may affect
the inhibitory effect of anthocyanin fractions. Also, chemical
structure has been correlated with antimutagenic activity,
with acylation of anthocyanin with organic acids markedly
increasing antimutagenecity of anthocyanin pigments as
compared with the deacylated counterparts (Yoshimoto and
others 2001). However, the identity and proportions of
individual anthocyanins in those extracts is not reported.
This information would be required in order to establish
structure/function relationships. The potential of a commer-
cial colorant extract obtained from purple corn to inhibit
colorectal carcinogenesis was tested in an in vivo system
(Hagiwara and others 2001). Colon cancer was initiated with
1,2-dimethylhydrazine in F344 rats and further treatment
included dietary supplementation of 5% color extract and
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP).
Colorectal adenomas and carcinomas in rats were clearly
induced by PhiP, while lesion development was suppressed
by the pigment administration. Even more, the color extract
decreased the PhIP induction of aberrant crypt foci. How-
ever, the compound(s) in the extract actually responsible for
these effects were not identified.

[0136] Common characteristics of the studies reported in
this Example are that they point to the same conclusion; a
potential protective effect against cancer of anthocyanin-
containing extracts. These findings suggest that it may be
possible to expand the markets of anthocyanin-rich agricul-
tural commodities by identifying anthocyanin-rich products
with added value due to the potential biological activity of
their components as tested by the inhibition of colon cancer
cell proliferation. Further investigation is needed to assign
structure/function relationships between components in
these extracts and specific biological activity. In this study,
we propose to investigate such relationships.

[0137] Experiments were conducted using three different
commercially available anthocyanin rich extracts: grape
(Vitis vinifera), chokeberry (Aronia meloncarpa) and bil-
berry (Vaccinium myrtillus). These extracts were chosen
because all of them are marketed as having high antioxidant
activity. Also, in selecting the extracts we looked for extracts
with contrasting pigment profiles (FIG. 9). Grape and
bilberry have both rather complex pigment profiles, with 5
different anthocyanidin groups. The main difference
between them is that grapes are glycosylated only with
glucose, and have pigments acylated with p-coumaric acid
(seen as late eluting peaks in FIG. 9). Bilberries are all
non-acylated pigments and show different glycosylations,
including galactose, glucose and arabinose. In contrast,
chokeberry exhibits a rather simple pigment profile, with
two major anthocyanins, both cyanidin derivatives,
monoglycolysated with different sugar substitutions: galac-
tose (~65%) and arabinose (~30%).
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[0138] The biological activity was assessed by determin-
ing the level of inhibition of growth of the colon carcinoma
cell line, HT-29. This measure of biological activity was
chosen for several reasons.

[0139] 1. First, this cell line is widely used as a simple
and rapid in vitro screening method for identifying
chemopreventive compounds (Hirsh and others 2000;
Miranda and others 1999; Kuntz and others 1999).

[0140] 2. Second, colon cancer is the second leading
cause due to cancer in the US (following lung cancer),
so the market for foods inhibiting colon cancer would
be substantial (Greenlee and others 2001).

[0141] 3. Third, unlike cells in other organs, the cells
lining the intestine are affected by compounds that are
not absorbed due to direct contact, as well as com-
pounds entering the blood.

[0142] 4. And last, studies described above support the
hypothesis that anthocyanins may inhibit colon cancer
cell growth.

[0143] All anthocyanin-rich extracts inhibited the growth
of HT-29 cells (Table 4). HT-29 cells were plated and grown
in McCoys media for 24 hours. Semi-purified anthocyanin-
rich extracts were added at a concentration of 50 ug mono-
meric anthocyanin/ml of media and cells were grown for an
additional 24, 48 or 72 hrs. The number of viable cells in
extract-exposed flasks and control flasks (exposed to vehicle
only) were determined using trypan blue exclusion hemocy-
tometry. The percent growth inhibition with the different
extracts is presented in Table 4 and was calculated using the
following equation:

% Growth inhibition=

(# of cell in control — number of cells in treated group) %100

# of cell in control

TABLE 4

Percent growth inhibition of HT-29 colon
cells by anthocyanin-rich extracts™

Anthocyanin extract 24 hr exposure 48 hr exposure 72 hr exposure

Chokeberry 61% 83% 96%
Bilberry 43% 59% 76%
Grape 27% 55% 63%

*means of duplicate flasks. Similar results for 24 hr exposure were
obtained in 3 separate experiments.

[0144] One question that arises when compounds are
shown to inhibit growth of cancer cells is “what effect will
they have on normal cells?” We recently tested the effect of
bilberry and chokeberry extracts on the growth of the normal
epithelial colon cell line NCM460 (Zhao and others, 2002).
Growth of HT-29 cancer cells was significantly inhibited by
all doses (25, 50 and 75 ug/ml) of bilberry ARE after 48
hours. In contrast, growth of NCM 460 normal cells was not
inhibited until 72 hours, and to a lesser 4010.3004US1 -37
- degree (FIGS. 10A-B). Similar results were obtained with
grape (data not shown) and chokeberry ARE (Example 1).
This study supports the hypothesis that anthocyanins may
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preferably inhibit growth of colon cancer cells. Despite the
fact that the extracts were standardized for equal monomeric
anthocyanin content, differences were observed in the
inhibitory effect of the different extracts (Table 4). All
anthocyanin-rich extracts inhibited the growth of HT-29
cells to varying degrees despite the fact that the extracts
were standardized for equal monomeric anthocyanin con-
tent. Chokeberry, with two major anthocyanins present, was
the extract with the simplest pigment profile of all, and also
the pigment with the highest observed inhibition (96% in 72
hr) of cancer cell growth. However, bilberry and grape with
rather complex pigment profiles, inhibited HT-29 cell
growth (up to 76% and 63% inhibition in 72 hr), but not to
the same degree as the chokeberry extract.

[0145] The dose response was evaluated using chokeberry
anthocyanins at concentrations of 50, 100, 150, 200 ug
monomeric anthocyanin/ml media (Table 5).

TABLE 5

Effect of chokeberry anthocyanins in the growth of
carcinoma cells and distribution of cell cycle.

Chokeberry
anthocyanin Initial cell Final cell
concen- count count % Cell cycle analyses
tration (10% (105  Inhibition  G1 S  GYM
0 pg/ml 1 2.79 0 5725 30.86 11.89
(Control)
50 pg/ml 1 0.48 80 29.77 54.63 15.60
1 0.61
100 pg/ml 1 0.36 86 29.09 53.02 17.89
1 0.42
150 pg/ml 1 0.46 83 32,53 5254 14.92
1 0.49
200 pg/ml 1 0.67 81 29.33  56.88 13.79
1 0.36

[0146] Cell viability and number were determined by
hemocytometry with trypan blue, and cells were fixed for
cell cycle analyses. At the levels used, no dose response was
observed. It is expected then that lower concentrations of
chokeberry anthocyanins may also have an inhibitory effect.
Further experiments are proposed to determine the minimum
concentration needed to inhibit proliferation of cancerous
cells. Considerable differences between control and choke-
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berry-treated cells were also observed using cell cycle
analysis (Table 5) and by assessing cell morphology (data
not shown). The cell cycle analyses indicated that choke-
berry extract is inhibiting cell growth by stopping cancer
cells from completing the DNA synthesis (S-phase). This
suggests that the effect of the extract is on a specific target
in the cancer cells, and not due to general cell toxicity. Our
studies in normal cells support this hypothesis.

[0147] The above experiment was conducted to determine
if in fact anthocyanins are playing an important role in the
inhibition of cancer cell growth. A pure cyanidin-3-galac-
toside extract was purchased from Polyphenols Inc, and
tested on HT-29 carcinoma cells. Visual observations of cell
growth and viability suggested that cancerous colonic cell
growth was notably inhibited by the pure anthocyanin (see
Example 6).

Example 3

Screen Anthocyanin-Rich Extracts for Anticancer
Activity using an in vitro Biological Model System

[0148] Commercially available extracts will be used in
this first stage. Different anthocyanin-rich sources, with
reported antioxidant activity and with different anthocyanin
profiles will be screened for their ability to inhibit cell
proliferation in a colon cancer cell line. We have previous
data indicating that different anthocyanin profiles will
exhibit different biological activity (Examples 1 and 2). A
total of 6 anthocyanin extracts will be screened to cover
different possible main characteristics in pigment profiles
(see Table 6 for pigment composition of proposed extracts):

[0149] a single aglycone with different sugars sub-
stitutions: chokeberry (Aronia meloncarpa E.),
elderberry (Sambucus nigra L.)

[0150] different aglycones with different simple sug-
ars substituents: bilberry (Vaccinium myrtillus L.)

[0151] different aglycone groups, with only glucose
as sugar substituent: grape (Vitis vinifera)

[0152] a single aglycone with high number of sub-
stitution, including different sugars and acylating
groups, representing acylated food colorants: purple
carrot (Daucus dacota L), and red radish (Raphanus
sativus).

TABLE 6

Source

Pigment composition of different anthocyanin-rich commodities

Type of pigments Composition

Chokeberry
(Aronia

meloncarpa E.)

Elderberry

(Sambucus nigra

L)

Bilberry
(Vaccinium
myrtillus L.)

Mono-glycosylated cyanidin
derivatives

Cy-3-galactoside
Cy-3-arabinoside
Cy-3-xyloside

Cy-3-glucoside

Cy-3-glu

Cy-3-sambubioside
Cy-3-sam-5-glu

Cy-3,5-diglu

Dp-3-gal; Dp-3-glu; Dpd-3-ara
Cy-3-gal; Cy-3-glu; Cy-3-ara
Pt-3-gal; Pt-3-glu; Pt-3-ara
Pn-3-gal; Pn-3-glu; Pn-3-ara
Mv-3-gal; Mv-3-glu; Mv-3-ara

Mono- and di-glycosylated
cyanidin derivatives

A mixture of 5 different
aglycones, mono-
glycosylated with galactose,
glucose, or arabinose
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TABLE 6-continued

Pigment composition of different anthocyanin-rich commodities

Source Type of pigments Composition
Grape (Vitis A mixture of 5 different Cy, Dp, Pt, Pn, and Mv-3-glucosides,
vinifera) aglycones, glycosylated with ~ And their acylated derivatives, with p-
glucose acylated and non coumaric acid
acylated with p-coumaric acid
Radish Pg-derivative acylated with Pg-3-soph-5-glu acylated with:
(Rapharus one cinnamic acid and an P-coumaric acid,
sativis) aliphatic acid Ferulic acid,

P-coumaric acid and malonic acid,
Ferulic acid and malonic acid

Purple carrot Cy-3-rut-glu-gal acylated Cy-3-gal-xyl (1), Cy-3-gal-xyl-glu
(Daucus carota  with 1 cinnamic acid Cy-3-gal-xyl-glu + p-coumaric
L) Cy-3-gal-xyl-glu + ferulic

Cy-3-gal-xyl-glu + sinapic

[0153] Anthocyanin extracts will be semi-purified and
concentrated using a C-18 resin (for a discussion of Mate-

rials and Methods used in this Example, see Example 4,
infra). Monomeric anthocyanin content and total phenolics
will be quantified in all extracts by using the pH-differential l

and Folin-Ciocalteu’s methods, respectively. Anthocyanin — —
Does the extract exhibit biological activity? |

and phenolic profiles will be also monitored by HPLC.
Highly concentrated extracts containing 2-3 g monomeric lYeS =
anthocyanin/L will be prepared and tested on HT-29 colon

cancer cell at concentration levels ranging from O to 100
ug/mL anthocyanin in media. The concentration range was
selected based on previous results (Table4) that showed that lNo
at 50 ug/ml anthocyanins in media was enough to achieve

close to complete inhibition with chokeberry, while other
extracts exhibited only partial inhibition of cancer cell
growth at that same dose. Extracts that inhibit cancer cell / \
growth will then be tested using normal colonic cell lines

(FIG. 10). Treatments will be done in triplicate and after 24

and 48 hr cell proliferation and viability will be evaluated.

Does the extract cause damage to normal cell lines? |

| Fractionate (best 3—4 extracts) |

A negative control (only media) and a control containing \ /

media and acidified water will be used to evaluate our

results. Does the fraction exhibit biological activity? |

[9154] Expecteq re.51.11ts: We expect tc? ﬁnd. anthocyanin- Yes o~
rich extracts that inhibit cancer cell proliferation, and cause

minimal or no damage to normal cells at doses lower than 50 Does the fraction cause damage to normal cell lines? |
ug/ml, and we expect that, as suggested by preliminary data, —
chokeberry will be one of them. Cell count and viability will No Yes
provide the necessary data to determine anthocyanin con-

centration required for 50% cancer cell growth inhibition. Are there anthocyanins in the fraction‘Jl

[0155] .Da.ta e}nalysm apd 1.nt.e.rpretat10n. Ared}lctlop in cell Yes T
count will indicate an inhibition of cell proliferation and

increased biological activity. Anthocyanin and phenolic con-

tent and profiles of extracts with the greatest cancer cell Isolate individual anthocyanins |

growth inhibition, and low or no toxicity to normal cells will
be used to determine the types of anthocyanin extracts to be
evaluated in the following stages of the experiments.
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-continued

Test for biological activity on cancer and normal cells

|

Determine the ID 50 of the individual anthocyanins

Example 4

Determine the Structure/Function Relationship
Between Anthocyanins and Biological Activity

[0156] The first approach will be to identify 3-4 extracts
that exhibited the greatest inhibition of cancer cell prolif-
eration and minimum damage to normal cells as determined
in the previous Example 3. Those extracts will be fraction-
ated to be able to determine the compound or group of
compounds responsible for the inhibitory effect. First, antho-
cyanins will be separated from other phenolics using solid
phase extraction (C-18 resin) phenolics can be recovered
with ethyl acetate while anthocyanins are removed with
acidified methanol. Both fractions will be evaluated for
biological activity. The fractions will be characterized again
by measuring total monomeric anthocyanin content (pH-
differential method), polymeric color (by bisulfite bleaching
method), total phenolics (Folin Ciocalteu’s method) and
anthocyanin and phenolic acid profiles (by HPLC). Then we
will proceed to isolate the major individual components
from the anthocyanin fractions that exhibit biological activ-
ity, by using preparative HPLC. The goal is to determine the
comparative activity of different components. For that pur-
pose, the ID 50 of the different isolated anthocyanins will be
determined.

[0157] The second approach will be to screen other com-
modities with anthocyanin profiles similar to those found to
possess promising biological activity. At present we have
only 1 or 2 commodities for each pigment profile type. We
will screen additional commodities with reported similar
anthocyanin profiles to confirm the structure/function rela-
tionship. Those commodities will be screened with the same
protocol described before and the results compared to results
from the previous experiment.

[0158] Expected results: Previous experiments demon-
strated that different anthocyanin extracts exhibit different
levels of biological activity (Table 4), even at equivalent
levels of pigment content. We would expect that certain
anthocyanin fractions would show higher activity than oth-
ers, and than many of the phenolic fractions. We also expect
to determine what specific chemical structures are more
biologically active (lower GI50), and even synergistic
effects among compounds. From published literature and
preliminary data we anticipate that simple mono-glycoside
forms of cyanidin might be highly biologically active. If the
biological activity is due to the anthocyanin profile, we
would expect that commodities with similar anthocyanin
profiles would have comparable biological activity when
compared under similar conditions.

[0159] Data analyses and interpretation: Statistical analy-
ses will be used to evaluate the data obtained. Percent
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inhibition, and G150 of different extracts and individual
anthocyanins will be analyzed using PROC Mixed of SAS
for Windows 8.1 (SAS Institute Inc. Cary, N.C.). The fixed
portion of the model included the effects of the combinations
of cell lines, treatments and different time points. Contrasts
will be used to test for differences in the response across
time for different treatments within and between cell lines.
The chemical structure of the anthocyanins that produce the
highest % inhibition and the lowest G150 will be considered
as responsible for the biological activity.

[0160] Materials and Reagents
[0161] Anthocyanin Sources:

[0162] Anthocyanin-rich fruit extracts exhibiting different
polyphenolic profiles will be obtained from commercial
manufacturers: grape extract will be obtained from Polyphe-
nolics, Inc. (Madera, Calif.); the different berry extracts
(chokeberry, elderberry and bilberry) will be obtained from
Artemis International, Inc. (Fort Wayne, Ind.); and vegetable
extracts (purple carrot and radish) will be obtained from RFI
Ingredients, Inc. (New York, N.Y.).

[0163] Reagents

[0164] All HPLC reagents will be purchased from Fisher
Scientific (Fisher Scientific, Fair Lawn, N.J.). Standards and
reagents for phenolic acid analyses will be purchased from
Sigma (Sigma Chemical Co., St. Louis, Mo.).

[0165] Cell Lines:

[0166] The HT-29 cell line derived from colorectal adeno-
carcinoma (ATCC; HTB38) grows as a monolayer in
McCoy’s 5A medium at 37° C. and 5% CO, atmosphere.
Results will be compared with a normal cell line to deter-
mine the potential impact of these compounds/extracts on
normal cells. The NCM 460 cell line was derived from a
normal human colon by Moyer and others (1996). These
cells require highly specialized M3:10™ culture media
(InCell Corp. San Antonio, Tex.). These cell lines are
already being maintained in Dr. Magnuson’s laboratory (see
attached letter of intent).

[0167] Methods and Procedures
[0168] Semi-Purification of Anthocyanin Extracts:

[0169] Anthocyanins and other phenolics will be semi-
purified by solid phase extraction using a C-18 cartridge
(Waters Corp.) as described by Giusti and Wrolstad (1996).
Ten grams of powder will be dissolved in 100 mL of 0.01%
HCL. Anthocyanins and other phenolics are bound to the
cartridge while sugars and other polar compounds are
washed away with acidified water. Anthocyanins and other
phenolics are then recovered with ethanol containing 0.01%
HCL. The alcohol is then removed in a rotary evaporator at
40° C., and the solutes are re-dissolved in 10 ml of 0.01%
HCl deionized water.

[0170] Fractionation

[0171] A crude separation of anthocyanins from other
phenolics will be carried out using C-18 Sep-Pak cartridge
(Waters Assoc., Milford, Mass.). Anthocyanins (and other
phenolics) are adsorbed onto the mini-column. The less
polar phenolics are recovered from the mini-column by
washing with 2 volumes of ethyl acetate to obtain the
non-anthocyanin phenolic fraction. Anthocyanins are sub-
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sequently eluted with ethanol containing 0.01% citric acid
(v/v) to obtain the anthocyanin extract. The extracts are then
concentrated using a Btichi rotovapor at 40° C. and each
fraction is then re-dissolved in distilled deionized water
containing 0.01% citric acid.

[0172] Monomeric Anthocyanin Content:

[0173] Monomeric anthocyanin content will be deter-
mined by the pH-differential method (Giusti and Wrolstad,
2001) using two different pH buffer solutions, 0.025M
potassium chloride buffer (pH 1.0) and 0.4 M sodium acetate
buffer (pH 4.5). A Shimadzu 1601 UV spectrophotometer
(Shimadzu Scientific Instruments, Inc., Columbia, Md.) and
1 cm path length disposable cells will be used for spectral
measurements at 520 and 700 nm. Pigment content will be
calculated as cyanidin-3-glucoside, using an extinction coef-
ficient of 26,900 L cm-1 mol-1 and molecular weight of
449.2 g mol-1 (Giusti and others 1999).

[0174] Color density and Polymeric Color

[0175] Polymeric color and color density will be deter-
mined by the bisulfite bleaching method (Giusti and Wrol-
stad, 2001). A Shimadzu 1601 UV spectrophotometer (Shi-
madzu Scientific Instruments, Inc., Columbia, Md.) and 1
cm path length disposable cells will be used for spectral
measurements at 420, 520 and 700 nm (Giusti and others
1999).

[0176] HPLC Analysis

[0177] Equipment and solvents: The equipment to be used
will be a Waters Delta 600 High Pressure Liquid Chromato-
graph (HPLC), equipped with a Waters 996 photodiode
array detector, a Waters 717 plus autosampler and Mille-
nium32 software (Waters Corp., Milford, Mass.). The
mobile pahse will be composed of A: 1% phosphoric acid,
10% acetic acid, 5% acetonitrile, 84% water and B: 100%
acetonitrile. Solvents and samples will be filtered through
0.45 um PTFE membrane filters (Pall Life Sciences, Ann
Arbor, Mich.) and 0.45 um polypropylene filters (Whatman
Inc., Clifton, N.J.) respectively. Spectral information (from
260 to 600 nm) will be collected over the whole run, and
chromatograms extracted at 520, 320 and 280 nm. Spectra
and retention times of each peak will be compared to those
of authentic known fruit and vegetable samples (Giusti and
others 1999).

[0178] Analytical work: Anthocyanins and phenolics will
be separated using a Symmetry C18 5 um 4.6x150 mm
column (Waters Corp., Milford, Mass.), fitted with a 22x4.6
mm Symmetry™ 2 micro guard column (Waters Corp.,
Milford, Mass.). The separation is achieved by using a linear
gradient from O to 35% B in 35 minutes. An injection
volume of 50 ul and flow rate of Iml/min will be used.

[0179] Semi-Preparative HPLC: Individual anthocyanins
will be isolated using a Microsorb™ C-18 column (5y),
250x21.4 mm id. fitted with a 50x21.4 mm id. guard
module (both from Rainin Instrument Co., Inc., Emeryville,
Calif.). Separation will be achieved using linear gradients
optimized for the specific commodity, so that maximum
resolution is achieved in minimum time. The elution of
individual anthocyanins to be collected from the semi-
preparative HPL.C will be monitored by spectral informa-
tion. Identity and purity of the compounds will be verified by
analytical HPLC of isolated compounds.
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[0180] Total Phenolics

[0181] Total phenolics will be measured using a modifi-
cation of the Folin-Ciacalteau method for total phenols
(Singleton and Rossi 1965, Singleton 1988). Different con-
centrations of gallic acid (40-200 ppm) are used to make the
standard curve for total phenol analysis. Two dilutions will
be prepared for each sample. The Folin-Ciocalteau reagent
and a 20% Na2CO3 solution are then used to produce a color
reaction. Samples with reagents are placed in a thermolyne
dri-bath (Bamstead, Dubuque, Iowa) heating block at 40° C.
for 20 min and then cooled in an ice bath. The absorbance
of the samples and standards will be measured at 755 nm
using a Shimadzu UVPC 1601 Spectrophotometer. Total
phenols will be calculated as gallic acid equivalents based
on the gallic acid standard curve.

[0182] Pigment/Compound Isolation

[0183] Individual pigments or other phenolics of interest
will be isolated using semi-preparative HPL.C and further
purified by passing them through a C-18 Sep-Pak cartridge
as previously described. Pigments will be recovered from
the cartridge with 90% ethanol and 10% acidified ethanol
(0.01% citric acid in ethanol). The ethanol will be evapo-
rated in a Buichi rotovapor at 35° C. and the compounds
re-dissolved in sterile deionized water. Purity of isolated
compound will be checked using analytical HPLC.

[0184] Anthocyanin Extraction

[0185] Chemical extraction: Anthocyanin pigments will
be extracted from the treated colon cells, after completing
the counting and morphological observations. An observa-
tion from the preliminary experiments is that cells treated
with anthocyanins look darker and reddish in color, even
after subsequent washing procedures. We will use acidified
methanol (0.1% HCI) to recover anthocyanin pigments from
the interior of washed treated cells. The extract obtained will
be concentrated by evaporating the methanol and re-dissolv-
ing the pigments in 1 ml deionized water. The extract
obtained will be analyzed by analytical HPLC as a prelimi-
nary look at anthocyanin bioavailability. Also, anthocyanins
will be extracted from fruit and vegetable sources selected as
providing biologically active extracts, based on results of
previous experiments. Samples will be frozen with liquid
nitrogen to preserve the integrity of the compounds and to
inhibit deterioration. Pigments and other phenolics will be
extracted using acetone, and partitioned with chloroform as
described by Giusti and Wrolstad (1996). Aqueous extrac-
tion: An additional procedure will be used to extract antho-
cyanin from fruits and vegetables, using only aqueous
solutions and physical means of purification and concentra-
tion, to simulate processes used by the juice industry (for
fruit and vegetable juice concentrates).

[0186] Cell Viability

[0187] Cell viability will be assessed using trypan blue
exclusion method. Viable cells have an intact cell membrane
that excludes the dye. Dead cells take up the dye and are blue
when looked under the microscope. Cell morphology
assessed using Wright’s stain (Sigma Chem.) will also used
to assess cell viability.

[0188] Cell Proliferation Assays:

[0189] Cell proliferation will be assessed using hemocy-
tometry or the CyQUANT Cell Proliferation Assay Kit
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(Molecular Probes Inc.). The cells will be plated in 24 or
96-well plates (PGE Instruments) for 24 hr before being
exposed to different concentrations of the different treat-
ments. For the CyQuant assay the changes in cell prolifera-
tion will be read spectroflurometrically (Carey Eclipse,
Varian, Walnut Grove, Calif.) and the cell number in each
experiment will be related to the standard curve plotted for
the specific cell line. The GI50 value, the concentration that
causes 50% growth inhibition will be determined according
the National Cancer Institute’s protocol for screening
chemopreventive agents.
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Example 5

Anthocyanin-Rich Extracts Inhibit
Azoxymethane-Induced Colon Aberrant Crypt foci
in Rats

[0258] The aim of the present study was to investigate the
effects of anthocyanin-rich extracts (AREs) from bilberry
(Vaccinium myrtillus L.), chokeberry (Aronia meloncarpa
E.) and grape (Vitis vinfera) on development of aberrant
crypt foci (ACF) in male rats treated with colon carcinogen,
azoxymethane (AOM). Fischer 344 male rats were fed with
AIN-93 diet (control) and AIN-93 diet supplemented with
AREs for 14 weeks. The rats were injected with 20 mg/kg
body weight of azoxymethane in the second week of the
study. After 14 weeks, colons were scored for number and
multiplicity of ACF. The total ACF were significantly
reduced (p<0.05) in bilberry, chokeberry and grape ARE fed
rats as compared to the control group. The number of large
ACFs (25 multiplicity) was reduced significantly in bilberry
and chokeberry ARE fed rats. To measure in-vivo oxidative
damage in all groups, competitive ELISA was used to
measure urinary 8-hydroxyguanosine. No significant differ-
ence was observed within rats fed different diets. Significant
decrease in cellular proliferation was observed in colon
crypts of rats on bilberry and chokeberry diets with the
greatest degree of inhibition in the bottom third of the crypts.
To understand molecular mechanism of action, expression
of cyclooxygenase genes was studied. A significant differ-
ence in the expression of cyclooxygenase-2 gene in rats fed
diets with bilberry and grape ARE was observed. The results
indicate a protective role of the AREs in colon carcinogensis

[0259] ACEF are putative prencoplastic lesions widely used
as biomarker for colon cancer, which may develop into
colorectal tumors. ACF do not occur in untreated rats but
appear in colon and rectum within few weeks during post
initiation phase after treatment with carcinogens such as
AOM.

[0260] Proliferating cell nuclear antigen (PCNA) immu-
nohistochemistry was done to measure cell proliferation.
Changes in expression of cyclooxygenase (COX-1 and
COX-2) genes were also evaluated. COX-1 maintains nor-
mal gastric mucosa and influences kidney function. The
inhibition of COX-1 gene expression is therefore undesir-
able whereas blocking of induced COX-2 gene expression in
animal studies have shown to decrease colon cancer devel-
opment therefore this is considered potential target for
therapeutics.

[0261] Materials and Methods

[0262] Test compound and other chemicals—Commer-
cially available anthocyanin-rich extracts of bilberry (Vac-
cinum myrtillus L.) and chokeberry (Aronia meloncarpa E.)
were supplied by Artemis International, Inc. (Fort Wayne,
Ind.). Grape Vitis vinfera) extract was supplied by Polyphe-
nolics, Inc. (Madera, Calif.). AOM, (lot no.111k1502) was
obtained from Sigma Chemical (St. Louis, Mo.).

[0263] Analysis and preparation of diets-Diets containing
4 g/kg monomeric anthocyanin from chokeberry, bilberry or
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grape ARE were prepared by supplementing AIN-93 pow-
dered diet (Dyets Inc., Pa.). All the three anthocyanin
extracts were added in on the basis of their monomeric
anthocyanin content. They were added at the expense of
cornstarch. The composition of experimental diet is sum-
marized in Table 7. All diets were prepared fresh on a
weekly basis and stored at 4° C. until use.

TABLE 7

AIN-93 AIN-93 AIN-93

with 5% with 3.5%  with 2.6%
Ingredient Chokeberry Bilberry Grape
gm/kg AIN-93 ARE ARE ARE
Casein 200 200 200 200
L-Cystine 3.0 3.0 3.0 3.0
Sucrose 100 100 100 100
Corn starch 397.486 347.486 362.486 370.986
Soyabean oil 70 70 70 70
Fiber (cellulose) 50 50 50 50
Mineral Mix 35 35 35 35
Vitamin mix 10 10 10 10
Choline 2.5 2.5 2.5 2.5
bitartrate
AREs — 50 35 26

[0264] Monomeric anthocyanin content and total pheno-
lics measurement—The monomeric anthocyanin content of
all three extracts was determined by pH—differential
method. A S Shimadzu 1601 UV spectrophotometer (Shi-
madzu Scientific Instruments, Inc. Columbia, Md.) and 1 cm
path length disposable cuvettes were used for spectral mea-
surements at 520 and 700 nm. Pigment content calculation
was done as cyanidin-3-glucoside, using extinction coeffi-
cient (E) of 26900L cm™ mold and molecular weight (MW)
of 449.2 g molr.

[0265] Total phenolics were measured using a modifica-
tion of the Folin-Ciacalteau method for total phenols as
described by Singleton. V. L. (1988) Modern Methods of
Plant Analysis, Berlin, Heidelberg, Spring Verlag. The
absorbance of the samples and standards was measured at
755 nm. Total phenols were calculated as gallic acid equiva-
lents based on a gallic acid standard curve.

[0266] Oxygen Radical Absorbance Capacity (ORAC)
values—The ORAC values for AREs was measured based
on a procedure described by Prior et al. (2003) J Agric. Food
Chem. 51:3273-3279.

[0267] Animals, treatment and housing—Forty 3-4 week
old male specific pathogen free F 344 (maintain standard
form throughout the paper) rats were obtained from Harlan
(Indianapolis Ind.). In the first week of acclimatization rats
were slowly weaned from pelleted rat chow to powdered
AIN-93 diets. Chewing bones (Bio-Serv , NJ) were also
provided for overgrowing teeth due to feeding of powdered
diet for long time. Rats were randomly allocated in four
groups of ten animals each. The animals were housed in
pairs in suspended stainless steel cages with wire mesh floor
and front. Powdered diet was provided in standard feeding
cups. Diet and tap water was available ad libitum. Artificial
light was supplied from fluorescent tubes, in a 12 h light-12
h dark cycles. The number of air changes were ~10 per hour.
Relative humidity was maintained at 25%-60%. Clinical
signs for all the animals were recorded regularly.
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[0268] Carcinogen injection—All animals randomly
received one dose of a subcutaneous injection of AOM in
saline at 20 mg/kg sc.

[0269] Body weight andfood consumption—Body weight
was recorded twice in a week and 3-days food intake was
measured two times for all the animals in 14 the week study.

[0270] Tissue Collection

[0271] Fourteen weeks after the start of experimental
diets, the animals were sacrificed by carbon dioxide
asphyxiation. Colon was flushed with ice-cold saline to
remove fecal material. The proximal 4 cm was immersed
and fixed in RNAlater (Ambion Inc.) for RNA isolation. The
remaining colon was slit open and fixed flat on balsa wood
(with mucosal side up). Colon tissue was preserved in 10%
buffered formalin for evaluation of ACF and cell prolifera-
tion. Caecal, Liver etc. .were weighed and immediately
frozen in liquid nitrogen and stored at —-80° C.

[0272] Aberrant crypt foci (ACF)-ACF were evaluated by
previously described method of (Magnuson et al. 1998,
American Chemical Society, 231-243). ACF were made
visible by staining the colons with 0.1% methylene blue in
saline. ACF were identified using light microscope at 40x
magnifications. Aberrant crypts have large usually elongated
openings. The lining epithelial cells in ACF are larger and
are more intensely stained with methylene blue than sur-
rounding normal epithelial cells. The number of aberrant
crypts in each focus was also noted to determine multiplic-
ity.

[0273] Immunohistochemical staining of PCNA-Cell pro-
liferation was measured using Proliferating Cell Nuclear
Antigen (PCNA) immunohistochemistry. PCNA is used as a
reliable marker of epithelial colonic cell. Only complete
crypts sectioned longitudinally from top to bottom with full
length of the crypt and muscularis mucosa at the base visible
were scored. The total number of epithelial cells in each
crypt column (side) was defined as crypt height. Darkly
stained cell divided by crypt height was the labeling index.
Twenty values were obtained (10 crypts of 2 crypts column
each). The mean of these 20 values for each rat was then
used in subsequent statistical analysis.

[0274] Measurement of urinary  8-OHAG-Urinary
8-OHdG is widely used as a biomarker for oxidative damage
of DNA. 8-OHdG reflects DNA mutation potential and
therefore recently it has attracted attention as a marker of
carcinogenic risk. To compare antioxidant potential of three
AREs measurement of urinary 8-OHdG was done by ELISA
(Genox Corporation, Md.). ELISA method is considered
more sensitive and generally provides higher level than
other methods. Urine collection was standardized by analy-
sis of creatinine {KIT} concentrations. Analysis was per-
formed using a creatinine colorometric microplate assay
(Oxford, Mich.).

[0275] Analysis of Cyclooxygenase-1 and 2 expression-
Changes in expression of cyclooxygenase genes was ana-
lyzed as described earlier in Example 1. In brief, total
cellular RNA was extracted from colonic mucosa lining
using Trizol reagent (Invitrogen, Calif.). Human COX-1 and
COX-2 gene-specific Relative RT-PCR Kits (Ambion, Inc.)
were used with ribosomal gene 18S (498 bp) as an internal
control. The following thermocycling conditions were used
for PCR assays: one 2-min cycle at 92° C. followed by 26
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cycles of denaturation for 30 s at 920 C, annealing for 30 s
at 59° C. (COX-1) or 30 s at 60° C. (COX-2), and extension
for 1 min at 72° C. The final extension was given for 5 min
at 72° C. The PCR products from multiplex reactions were
analyzed using DNA 7500 LabChip® and Agilent 2100
bioanalyzer according to the manufacturer’s protocol. The
changes in the gene expression were represented by the
changing ratio between the area of bands representing gene
of interest and the band representing 18S gene. A ratio
difference in the control versus the treated cells is the
measure of change in gene expression.

Results

[0276] Body weight andfood consumption-There were no
significant (p>0.05) differences among AREs and control
groups in either weight gain or feed intake (Table 7).

[0277] Aberrant crypt foci-Total number of ACF in the
control diet group was significantly higher than the total
number of ACF in all anthocyanin-fed groups (p<0.05). Also
large size ACF (>5 multiplicity) were significantly reduced
in both bilberry—and chokeberry-fed rats as compared to
rats fed the control diet (p=0.0003 and 0.0020) Bilberry fed
rats also had significant fewer large size ACF than rats fed
with the grape (p=0.02). There are no significant difference
(p>0.05) in small ACF among the different group (FIG. 11).

[0278] Cellular proliferation-Colonic cellular proliferation
was significantly decreased in rats fed the bilberry (P=0.008)
and chokeberry (P=0.015) diets compared to rats fed with
control diet. The greatest degree of inhibition was occurring
in the bottom third of the crypts (data not shown).

[0279] Urinary 8-OHdG determination-There was no sig-
nificant difference in urinary 8-OHdG levels among the
groups. Adjusting for creatinine levels also resulted in no
significant difference in any of the groups.

[0280] Cox-1 and Cox-2 gene expression-No significant
difference was observed in the expression of COX-1 gene
(FIG. 13) in the colonic mucosa of the rats fed the ARE diet
as compared to rats fed the control diet. The COX-2 gene
expression (FIG. 12) was significantly down regulated in
colonic mucosa of rats fed the bilberry and grape ARE diets
(p=0.0086). The chokeberry ARE fed rats did not show a
significant change in COX-2 gene expression as compared
to rats fed the control diet.

Discussion

[0281] These results demonstrate that anthocyanin rich
extracts of bilberry, chokeberry and grape reduced the total
number of early lesions of colon cancer called aberrant crypt
foci (ACF) induced in rat colon by AOM. The number of
large ACF, which are most predictive of tumor outcome, was
also significantly reduced in rats fed with bilberry and
chokeberry diets. These in vivo results demonstrating
chemopreventive activity of bilberry and chokeberry ARE in
development of preneoplastic lesions of colorectal tumors
agree with our previous reports that commercially available
ARE from chokeberry and bilberry can inhibit growth of
colon cancer cells without affecting growth of normal
colonic cells in vitro.

[0282] We investigated several potential mechanisms for
the observed chemopreventive activity in vivo, based on our
previous in vitro reports and the reports of others. As we
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observed in vitro, the addition of AREs to the diets of rats
resulted in inhibition of cell proliferation. Rats fed bilberry
and grape, but not chokeberry, diets had down regulated
gene expression of COX-2 but not COX-1. These results are
in agreement with the in-vitro experiment described in
Example 1 (see also, Malik et al., 2003, Nutr & Cancer,
46(2): 186-196) that the growth inhibition of HT-29 cells by
the chokeberry anthocyanin-rich extract does not involve
suppression of COX-2 activity. They are in contrast to
Seeram et al (2001) Phytomedicine, 8(5)362-369 who
reported inhibition of both COX-1 and -2 purified enzymes
by anthocyanins in vitro. Although Harris and colleagues
(Harris et al. (2001) Nutr. Cancer 40(2):125-133) observed
significant reduction in urinary 8-OHdG levels in rats fed
freeze-fried black raspberries and treated with AOM, we did
not observe a similar effect. This is in agreement with
reported results of Pool-Zobel et al. (1999) Eur J Nutr,
38(5):227-234 that intracellular oxidative stress is weakly
effected by anthocyanins/anthocyandins found in Aronia
melanocarpa elliot concentrates (elderberry, macqui and
tintorera fruits concentrates).

Example 6

Growth Inhibition of Colon Cancer Cells by
Various ARE Fractions of Chokeberry and Bilberry
Extracts

[0283] This aims of this experiment were : (1) To confirm
that the anthocyanins are significantly contributing to the
anticarcinogenic effect of the ARE and (2) to assess the
effect of the aglcyon of the anthocyanins on growth inhibi-
tion. To do this, we first purified the anthocyanin fraction
from the chokeberry and bilberry AREs, to remove all other
phenolics. Secondly, we treated the purfied chokeberry
anthocyanins with acid to generate chokeberry aglycones
from the anthocynanins.

[0284] Growth inhibition of HT-29 cells exposed to 10,25,
and 50 pg/ml chokeberry ARE, 10, 25, 50 and 75 ug/ml of
purified chokeberry anthocyanin fraction and 5, 10, 25, 50
and 75 ug/ml of purified chokeberry aglycon was studied at
two time points of 24 and 48 h. The concentrations were
based on monomeric anthocyanin content of the extract
added per ml of media. Typical purification procedures for
AREs are described in Examples 4 and 5. Cell preparation,
maintenance and testing are described in Examples 1-5.

[0285] As observed in FIG. 14A chokeberry purified
anthocyanin fraction demonstrated slightly higher percent-
age of inhibition of HT-29 cells. The difference is clearly
observed at 50 pg/ml concentration and 24 h time point. The
decreased inhibition of cells after 48 h with chokeberry ARE
as compared to 24 h may be due to experimental error. FIG.
14B demonstrates that the purified fraction of aglycon
(mainly cyanidin in chokeberry ARE) also has the ability to
inhibit the growth of HT-29 cells. Growth inhibition of
HT-29 cells exposed to 25, 50 and 75 ug/ml and 10, 25, 50
and 75 ug/ml of purified bilberry anthocyanin fraction was
studied at two time points of 24 and 48 h. The concentrations
were based on monomeric anthocyanin content of the extract
added per ml of media.

[0286] As observed in FIG. 14C, bilberry purified antho-
cyanin fraction demonstrated a much higher percentage of
inhibition of HT-29 cells. The inhibition observed at 75
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ug/ml concentration clearly demonstrates that the percent-
age of cells inhibited increase almost 2-fold when exposed
to the purified anthocyanin fraction of bilberry ARE.

[0287] Therefore, the main findings of these experiments
are that purified anthocyanins of bilberry and chokeberry
ARE are as effective as the complete ARE in inhibiting the
growth of HT29 cells and that the inhibition of HT29 by
agleyons (anthocyanidins) of chokeberry anthocyanins is
similar to that of the purified anthocyanins in chokeberry
ARE.

[0288] The patent and scientific literature referred to
herein establishes the knowledge that is available to those
with skill in the art. All United States patents and published

23
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or unpublished United States patent applications cited herein
are hereby incorporated by reference. All published foreign
patents and patent applications cited herein are hereby
incorporated by reference. All other published references,
docurnents, manuscripts and scientific literature cited herein
are hereby incorporated by reference.

[0289] While this invention has been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

<400> SEQUENCE: 1

ggaacttcga ctttgtcacc gag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

<400> SEQUENCE: 2

gaacctctca ttcaaccgcc tag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

<400> SEQUENCE: 3

tgcctctaaa agcgttggat

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

<400> SEQUENCE: 4

tttttgccce aaactacctg

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Primer

23

Primer

23

OTHER INFORMATION: Description of Artificial Sequence: Primer

20

OTHER INFORMATION: Description of Artificial Sequence: Primer

20
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-continued

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer

<400> SEQUENCE: 5

ggccaaaatg cctatgaaga

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer

<400> SEQUENCE: 6

aaacatggca gtgacaccaa

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer

<400> SEQUENCE: 7

cagccattag tttacctgga cc

<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

22

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer

<400> SEQUENCE: 8

tgttggagca gctaagtcaa aa

22

What is claimed is:

1. A method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising the step of con-
tacting the cells with an anthocyanin-rich extract from in an
amount effective to inhibit the growth and cell cycle pro-
gression of the carcinoma cells without effecting the growth
and cell cycle progression of normal cells.

2. The method of claim 1, wherein the carcinoma cells are
colon carcinoma cells.

3. The method of claim 1, wherein the anthocyanin-rich
extract is from chokeberries, bilberries, grapes or combina-
tions thereof.

4. A method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effect to down regulate Cox 2 gene expression in
carcinoma cells without effecting Cox 1 or Cox 2 gene
expression in normal cells.

5. The method of claim 4, wherein the anthocyanin-rich
extract is derived from bilberries, grapes or combinations
thereof.

6. The method of claim 4, wherein the carcinoma cells are
colon carcinoma cells.

7. A method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the

carcinoma cells with an anthocyanin-rich extract in an
amount effective to up regulate the gene expression of
p21WAFl and p27¥™! in carcinoma cells without effecting
p21  and p27¥™* gene expression in normal cells.

8. The method of claim 7, wherein the carcinoma cells are
colon carcinoma cells.

9. The method of claim 7, wherein the anthocyanin-rich
extract is derived from chokeberries.

10. A method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effective to cause dual blockage of cell cycle pro-
gression at both the G,/G, and G2/M phases of the cell cycle
without effecting the cell cycle progression in normal cells.

11. The method of claim 10, wherein the carcinoma cells
are colon carcinoma cells.

12. The method of claim 10, wherein the anthocyanin-rich
extract is derived from chokeberries.

13. A method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effective to down regulate the gene expression of
cyclin A and cyclin B1 without effecting the gene expression
of cyclin A and cyclin B1 in normal cells.
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14. The method of claim 13, wherein the carcinoma cells
are colon carcinoma cells.

15. The method of claim 13, wherein the anthocyanin-rich
extract is derived from chokeberries.

16. A method of inhibiting the growth and cell cycle
progression of carcinoma cells comprising contacting the
carcinoma cells with an anthocyanin-rich extract in an
amount effective to up regulate the gene expression of
p21  and p27¥"! and down regulate gene expression of
cyclin A and cyclin B1 in carcinoma cells, without effecting
the gene expression of p21VAF* and p275™* cyclin A and
cyclin B1 in normal cells.

17. The method of claim 16, wherein the carcinoma cells
are cancer carcinoma cells.

18. The method of claim 16, wherein the anthocyanin-rich
extract is derived from chokeberries.

19. A method of inhibiting the growth and cell cycle
progression of carcinoma cells in a patient comprising
administering to a patient a therapeutically effective amount
of an anthocyanin-rich extract effective to inhibit the growth
and cell cycle progression of carcinoma cells without effect-
ing the growth and cell cycle progression of normal cells in
the patient.

20. The method of claim 19, wherein the carcinoma cells
are colon carcinoma cells.

21. The method of claim 19, wherein the anthocyanin-rich
extract is derived from chokeberries, bilberries, grapes or
combinations thereof.

Jan. 20, 2005

22. A method of inhibiting the growth and cell cycle
progression of colon carcinoma cells in a patient comprising
administering to a patient a therapeutically effective amount
of an anthocyanin-rich extract derived from chokeberries
capable of causing dual blockage of cell cycle progression at
both the G,/G, and G,/M phases of the cell cycle without
effecting the cell cycle progression in normal cells.

23. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and an anthocyanin-rich extract
capable of inhibiting the growth and cell cycle progression
of carcinoma cells in a patient without effecting the growth
and cell cycle progression of normal cells in the patient.

24. The pharmaceutical composition of claim 23, wherein
the anthocyanin-rich extract is derived from chokeberries,
bilberries, grapes or combinations thereof.

25. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and an anthocyanin-rich extract
capable of causing dual blockage of cell cycle progression at
both the G,/G, and G,/M phases of the cell cycle in a patient
without effecting the cell cycle progression in normal cells
in the patient.

26. The pharmaceutical composition of claim 25, wherein
the anthocyanin-rich extract is derived from chokeberries,
grapes, billiberries or combinations thereof.

27. The pharmaceutical composition of claim 25, wherein
the anthocyanin-rich extract is derived from chokeberries.

#* #* #* #* #*



