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Abstract

Fruit of deerberry [Vaccinium stamineum L.] were evaluated for
their antioxidant capacity and anticancer properties in JB6 P*
mouse epidermal cells, human lung and leukemia cells. Deerber-
ries contain potent free radical scavenging activities. Pretreat-
ment of [B6 P* mouse epidermal cells with deerberry fruit ex-
tracts produced an inhibition on the activation of activator pro-
tein-1 (AP-1) and nuclear factor-kappaB (NF-xB) induced by ei-
ther 12-0O-tetradecanoylphorbol 13-acetate (TPA) or ultraviolet-
B (UVB). Deerberry fruit extracts also blocked TPA- or UVB-in-
duced phosphorylation of ERKs and MEK '/,, two upstream regu-

lators of AP-1 and inhibited proliferation of human leukemia HL-
60 cancer cells and human lung epithelial cancer A549 cells and
induced apoptosis of HL-60 cells. These results suggest that the
inhibition of TPA- or UVB-induced AP-1 and NF-«B activity, inhi-
bition of HL-60 cells and cancer A549 cells proliferation and in-
duction of apoptotic in human leukemia HL-60 cancer cells may
be mediated through the ERKs and MEK '/, signal pathway.
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Introduction

Deerberry [Vaccinium stamineum L.) is a low, slender shrub. The
fruits of deerberry resemble cranberries (V. macrocarpum Ait.)
and have been utilized for flavored jelly, preserves and pie [1].
Deerberries contain a high amount of flavonoids [1], [2]. Many
studies have suggested that these naturally occurring flavonoid
compounds exhibit biological activities and show a remarkably
high scavenging activity toward chemically generated radicals,
thus making them effective in inhibiting oxidation of human
low-density lipoproteins and preventing various human diseases
[3], [4], [5], [6], [7]. Although deerberry is a member of the

Vaccinium genus, it has been considered a minor crop in the Uni-
ted States and thus received little attention for research and little
information is available on its health benefits.

The AP-1 signal transduction pathway is known to be important
as molecular targets of chemopreventive strategies. AP-1, a ubi-
quitous transcriptional activator, is composed of members of the
Jun and Fos families that form homodimers or heterodimers and
bind to a distinct DNA response element. NF-xB is also an impor-
tant regulator in deciding cell fate, such as programmed cell
death and proliferation control, and is critical in tumorigenesis
[8]. Reactive oxygen species (ROS) stimulate transcription by ac-
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Fig. 1 The chemical structures of the major flavo-
noids in deerberries.
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tivating transcription factors such as AP-1 and NF-xB. AP-1 and
NF-«B signal transduction pathways are important in transfor-
mation and tumor promotion [9]. 12-O-Tetradecanoylphorbol
13-acetate (TPA) or ultraviolet-B (UVB) are carcinogens and can
produce ROS and stimulate AP-1 and NF-«B activity by activating
mitogen-activated protein kinases (MAPK) signaling pathways
such as the extracellular signal-regulated kinases '/, (ERK '/, ), c-
Jun amino-terminal kinases (JNKs), p38 and MEK '/, MAP kinases
(9], [10], [11].

The purpose of this study was to evaluate the antioxidant capaci-
ty that might be involved in oxygen detoxification in deerberries
and to study the inhibitory effect of deerberry fruit extracts on
activator protein-1 (AP-1), nuclear factor-kappaB (NF-xB) and
mitogen-activated protein kinase (MAPK) activation induced by
either 12-O-tetradecanoylphorbol 13-acetate (TPA) or ultravio-
let-B (UVB). The potential therapeutic activity of deerberry fruit
extracts on inhibition of cancer proliferation and induction of
apoptosis in human cancer cells was also investigated.

Materials and Methods

Cell lines and reagents

The JB6 P* mouse epidermal cell line, stably transfected with AP-
1-luciferase or NF-«kB-luciferase reporter plasmid (JB6/AP/xB)
[12], was cultured in Eagle’s MEM (EMEM) containing 5% fetal
bovine serum (FBS), 2 mM L-glutamine, and 1% penicillin-strep-
tomycin. Human lung carcinoma A549 and human leukemia HL-
60 cell lines were obtained from American Type Culture Collec-
tion (Manassas, VA, USA) and were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) containing 10% FBS, 50 units/mL
penicillin, and 50 ug/mL streptomycin in 75 cm? T-flasks at
37°C, 85% humidity, and 5% CO, atmosphere.
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EMEM and DMEM were obtained from Whittaker Biosciences
(Walkersville, MD, USA). EDTA (ethylenediaminetetraacetic acid
disodium salt dehydrate - Na,EDTA2 H,0), FBS, gentamicin, L-
glutamine, and trypsin were purchased from Life Technologies,
Inc. (Gaithersburg, MD, USA). Luciferase assay substrate was ob-
tained from Promega (Madison, WI, USA). PhosphoPlus MAPK
antibody kits were purchased from New England BioLabs (Bever-
ley, MA, USA). Chelex 100, FeSO,4, H,0,, xanthine, and xanthine
oxidase were purchased from Sigma (St. Louis, MO, USA). 5,5-Di-
methyl-1-pyrroline N-oxide (DMPO) was purchased from Al-
drich (Milwaukee, WI, USA).

Fruit sample preparation

Deerberry fruit (Vaccinium stamineum L.) were grown in Jackson
Spring, NC, USA, and were hand-harvested at a commercially ma-
ture stage. Approximately 900 g to 2 kg of fruit were harvested for
each of the three genotypes sampled [B-59, B-76 and SHF-3A]. The
fruits were sorted and selected for uniform size and color. Unda-
maged berries were randomized and frozen in liquid nitrogen,
and then stored at -80°C until they were used for analysis.

Extraction and isolation

For HPLC analysis, triplicate samples of 4 g deerberry fruit were
extracted twice with 20 mL of 80% acetone-0.2% formic acid
using a Polytron homogenizer (Brinkmann Instruments, Inc.;
Westbury, NY, USA) for one min. Extracts were combined and
concentrated to 1 mL using a Buchler Evapomix (Fort Lee, NJ,
USA) in a water bath at 30°C. The concentrated samples were
dissolved in 4 mL of acidified water (3% formic acid) and then
passed through a C;g Sep-Pak cartridge, which was previously
activated with methanol followed by water and then 3 % aqueous
formic acid. Anthocyanins and other phenolics were then recov-
ered with 2.0 mL of acidified methanol containing 3% formic
acid. The methanol extract was passed though a 0.45 yum mem-
brane filter (Millipore, MSI; Westboro, MA, USA) and 25 uL were
analyzed by HPLC.
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For the electron spin resonance (ESR) measurement of ‘OH and
0, ™ and the assays of AP-1, NF-«B activation, MAPK phosphory-
lation, cell proliferation and cell apoptosis, deerberry fruit ex-
tracts were prepared by mixing 100 g of deerberries with 100
mL of distilled H,0 and blended at high speed. The blended
homogenates were strained, centrifuged at 6000xg, 4°C for 20
min and the supernatants were filtered. The supernatants were
transferred to vials, stored at -80°C until analysis.

HPLC analysis

The separation and identification of individual anthocyanin and
phenolic compounds were performed with an HPLC system. The
samples were analyzed using a Waters (Waters Associated; Mil-
lipore; Milford, MA, USA) HPLC system equipped with two
pumps (600 E system Controller) coupled with a photodiode ar-
ray detector (Waters 990 Series). Samples were injected at ambi-
ent temperature (20 °C) onto a reverse phase NOVA-PAK C;g col-
umn (150%3.9 mm, particle size 4 um) with a guard column
(NOVA-PAK Cyg, 20x3.9 mm, particle size 4 um) (Sentry guard
holder universal). The mobile phase was acidified water contain-
ing 2.5% formic acid (A) and acetonitrile (B). The flow rate was 1
mL/min, with a gradient profile consisting of A with the follow-
ing proportions (v/v) of B: 0 min, 3%, 1-10 min, 3-6% B; 10-15
min, 6% B; 15-35 min, 6-18% B; 35-40 min, 18-20% B; 40-45
min, 20-100% B; 45-50 min, 100% B. The phenolic compounds
in fruit extracts were identified by their UV spectra, recorded
with a diode-array-detector and by chromatographic compari-
son with authentic markers. Individual flavonols and anthocya-

Fig.2 AThe scavenging effect of
deerberry (‘B-76’) fruit extract on
OH radicals. ESR spectra were re-
corded 1 min after reaction initia-
tion from a phosphate-buffered
solution (pH 7.4) containing 10
mM DMPO and the following reac-
' &  tants: (a) 1.0 mM FeSO, and 1.0

mM H,0,; (b) 1.0 mM FeSO,, 1.0
mM H,0,, and deerberry extract
(50 mg mL"). B The scavenging ef-
fect of deerberry (‘B-76’) fruit ex-
tract on O, ESR spectra record-
ed 1 min after reaction initiation
from a phosphate-buffered solu-
tion (pH 7.4) containing 100 mM
DMPO and the following reac
tants: (a) 3.5 mM xanthine and 2
U/mL xanthine oxidase; (b) 3.5
mM xanthine, 2 U/mL xanthine
oxidase, and deerberry fruit ex-
tract (50 mg mL™"). The ESR spec
trometer settings were: receiver
a gain, 2.52x10% time constant,
20 ms; modulation amplitude, 0.5
G; (for "OH radicals) and 1.0 G (for
O,"~ radicals); scan time, 60s; and
magnetic field, 3480 + 100 G.

195G

nins were quantified by comparison with an external standard
of flavonols and anthocyanins. Scanning between 250 and 550
nm was performed and data were collected by the Waters 990
3-D chromatography data system. HPLC analysis showed that,
in addition to anthocyanins, other phenolic compounds were
also present (Fig.1). The content of flavonoids varied among the
different genotypes. Caffeic acid ranged from 40.6 to 61.2 mg
fresh wt (FW) kg! and p-coumaric acid ranged from 27.7 to
33.1mg FW g-. Quercetin 3-galactoside ranged from 26.2 to
43.4mg FW kg, quercetin 3-rhamnoside contributed 77.9 to
94.7 mg FW kg! and kaempferol ranged from 26.2 to 43.4 mg
FW kg.. Flavonols such as cyanidin 3-galactoside, cyanidin 3-
glucoside, cyanidin 3-arabinoside and peonidin 3-glucoside in
deerberries ranged from 32.2 to 987.5 mg FW kg-!. Cyanidin 3-
galactoside (744.2 to 987.5 mg FW kg-1) and cyanidin 3-arabino-
side (128.1 to 201.0 mg FW kg-') were the two predominant an-
thocyanins. Resveratrol (3,5,4-trihydroxystilbene) was also de-
tected in deerberries. The values of resveratrol for deerberry
were 36.2 to 47.9 ug FW kg,
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Fig.3 Deerberry fruit extracts suppressed hydrogen peroxide forma-
tion in the in vitro H,0,-Ti(IV) system (A) and HL-60 cells (B). A In vitro
H,0,-Ti(IV) system, the titanium reagent was added to 200 uL of var-
ious concentrations of deerberry fruit extracts (0 to 120 ug/mL) in the
presence of NH,OH and H,0,. The absorbance of the supernatant from
the Ti-H,0, complex was measured at 410 nm and the inhibition of
H,0, production by deerberry fruit extracts was determined against
blank control. B HL-60 cells were incubated with various concentra-
tions of deerberry fruit extracts (0 to 120 ug/mL) for 1 hour. The intra-
cellular H,0, levels were determined by the red-phenol method as de-
scribed in Materials and Methods. Cyanidin 3-glucoside (C 3G) at 50
uM was used as positive control.
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TPA as an inducer
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Fig.4 Deerberry fruit extracts suppress UVB- or TPA-induced AP-1 activity (A) and NF-«B activity (B).

A |B6 P* mouse epidermal cells that were stably transfected with an AP-1 luciferase or a NF-«B luciferase reporter plasmid were cultured as de-
scribed in Materials and Methods. The cells were pretreated with or without various concentrations of deerberry fruit extracts as indicated for 1 h,
and then were exposed to UVB (4 k|/m? ) or TPA (20 ng/mL) and cultured for an additional 48 h. AP-1or NF-xB activity was determined by lucifer-
ase assay. Results, presented as relative AP-1 induction or relative NF-xB induction compared to untreated control cells, were expressed as means
and standard errors from three wells. The experiment was repeated three times. * Indicates a significant inhibition of UVB- or TPA-induced AP-1
or NF-xB activation by deerberry (‘B-59°, ‘B-76’, ‘SHF-3A’) extracts (p <0.05).

Measurement of ROS

For electron spin resonance (ESR) determination of ‘OH and O, 7,
measurements were conducted using a Varian E9 ESR spectro-
meter (Bruker Instruments; Billerica, MA, USA) and a flat cell as-
sembly. Hyperfine couplings were measured (to 0.1 G) directly
from magnetic field separation using K;CrOg and DPPH as refer-
ence standards. An EPRDAP 2.0 program was used for data acqui-
sition and analysis. The scavenging efficiency of ‘OH or O, ~ radi-
cals by deerberries was measured by ESR using 5,5-dimethyl-1-
pyrroline N-oxide (DMPO) as the spin trap according to the pro-
cedures described previously [13]. Experiments were performed
at room temperature and under ambient air.

Wang SY et al. Antioxidant Activity of ... Planta Med 2007; 73: 451-460

The in vitro assay for inhibition of H,0, levels by deerberry fruit
extracts was carried out as described earlier [14]. The final results
were expressed as percent inhibition of H,0, levels in a Ti(IV)-
H,0, complex system in the presence of deerberry fruit extracts.

For determining the inhibition of deerberry fruit extracts on intra-
cellular H,0, production the analysis was carried out in HL-60
cells. HL-60 cells were incubated with deerberry fruit extracts at
the designated dose for 1 hour. The intracellular H,0, production
was determined based on the horseradish peroxidase-dependent
oxidation of phenol red as described by Pick and Keisari [15].

Downloaded by: Food and Drug Administration (FDA). Copyrighted material.
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Fig.4 Deerberry fruit extracts suppress UVB- or TPA-induced AP-1 activity (A) and NF-«B activity (B).

B |B6 P* mouse epidermal cells that were stably transfected with an AP-1 luciferase or a NF-«B luciferase reporter plasmid were cultured as de-
scribed in Materials and Methods. The cells were pretreated with or without various concentrations of deerberry fruit extracts as indicated for 1 h,
and then were exposed to UVB (4 k|/m? ) or TPA (20 ng/mL) and cultured for an additional 48 h. AP-1or NF-xB activity was determined by lucifer-
ase assay. Results, presented as relative AP-1 induction or relative NF-xB induction compared to untreated control cells, were expressed as means
and standard errors from three wells. The experiment was repeated three times. * Indicates a significant inhibition of UVB- or TPA-induced AP-1
or NF-xB activation by deerberry (‘B-59°, ‘B-76’, ‘SHF-3A’) extracts (p <0.05).

Cell culture and assay of AP-1 and NF-«B activities in vitro

JB6 P* mouse epidermal cells were cultured as described above
and a confluent monolayer of cells was trypsinized, and 5x10*
viable cells (suspended in 1 mL of EMEM supplemented with
5% FBS) were added to each well of a 24-well plate. Plates were
incubated at 37°C in a humidified atmosphere of 5% CO, for
twelve hours. After incubation, cells were cultured in EMEM sup-
plemented with 0.5% FBS for 12 - 24 h to minimize basal AP-1 ac-
tivity or NF-«B activity before treatment for 1 h with or without
deerberry extracts at the concentrations indicated. The cells
were then exposed to TPA (20 ng mL-!) or UVB (4 k] m~2) irradia-
tion in the same medium for additional hours to monitor the ef-
fects on AP-1 or NF-«B activation. The cells were extracted with

200 uL of lysis buffer provided in the luciferase assay kit by the
manufacturer. Luciferase activity was measured using a Mono-
light luminometer, model 3010. The results were expressed as re-
lative AP-1 or NF-«B activity compared with untreated controls.

Protein kinase phosphorylation assay

Immunoblots for phosphorylation of ERKs, JNKs, p38 and MEK '/,
kinases were carried out using PhosphoPlus MAPK antibody Kkits
as described in the protocol of New England BioLabs, using both
phosph-specific and non-phospho-specific antibodies [16]. The
protein contents in cell lysates were determined by Pierce Pro-
tein Assay Reagents (Rockford, IL, USA).

Wang SY et al. Antioxidant Activity of... Planta Med 2007; 73: 451-460
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Fig.5 Inhibition of UVB (A)-or TPA (B)-induced induced activation of
ERKs by deerberry fruit extracts. |B6 P* mouse epidermal cells were
pretreated with various concentrations of deerberry (‘B-76’) fruit ex-
tracts for 1h and then exposed to UVB radiation (4 kJ/m?) for 30 min
or exposed to TPA (20 ng/mL) for 30 min. The lysates were separated
by SDS-PAGE and analyzed by Western blot with phospho-specific anti-
body against phosphorylated sites of ERKs. Phosphorylated and non-
phosphorylated proteins were detected by using the same transferred
membrane blot following a stripping procedure. One representative of
three similar results is shown. The histogram shows the densitometric
analysis of phosphorylated protein expression normalized to total
ERKs.

Inhibition of proliferation of cancer cells

Two cell lines, human lung cancer A549 cells, and HL-60 human
leukemia cells, were cultured as described above. Subcultures
were carried out every 2 -3 days using a 0.25% trypsin and 0.02 %
EDTA solution. Briefly, A549 and HL-60 cells were plated in their
growth medium at a density of 1x 104 cells/well in 96 well-flat bot-
tomed well cell culture plates and incubated at 37 °C. Twenty-four
hours after plating, 0.33 uL of indicated doses of deerberry fruit ex-
tracts (30 to 120 ug/mL) was added to each well (except for control
wells). Following 48 h incubation, 10 uL MTT solution were added
in each well to form formazan salt crystals and the plates were fur-
ther incubated for 4 h. Then 100 uL solubilization solution (10%
SDS in 0.01 M HCl) were added and the plate was incubated over-
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Fig.6 Inhibition of UVB-induced activation of INKs (A) or p-38 (B) by
deerberry fruit extracts. JB6 P* mouse epidermal cells were pretreated
with various concentrations of deerberry (‘B-76’) fruit extracts for 1h
and then exposed to UVB radiation (4 kJ/m?). The cell lysates were sep-
arated by SDS-PAGE and analyzed by Western blot with phospho-
specific antibody against phosphorylated sites of |NKs. Data were rep-
resentative of three experiments. Histograms show the densitometric
analysis of phosphorylated protein expression normalized to total
MAPK.

night at 37 °C. The amount of formazan produced was proportional
to the number of viable cells [17]. After incubation, the MTT-for-
mazan was solubilized in 2-propanol and the optical density was
measured at a wavelength of 575 nm and a reference wavelength
of 690 nm using a Microplate Spectrophotometer (Spectra MAX™
250; Molecular Devices, Inc.; Sunnyvale, CA, USA), where higher
OD values indicated more cell proliferation. Proliferation was
expressed as a percentage of cell growth in wells that received no
extract. Cyanidin 3-glucoside (50 uM) was used as a positive con-
trol. Data are expressed as mean + S.E. of three samples.

Induction of apoptosis in cancer cells
HL-60 human leukemia cells and JB6 P* mouse epidermal cell
line were used in this study. To test whether deerberry extracts

Downloaded by: Food and Drug Administration (FDA). Copyrighted material.
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Fig.7 Inhibition of UVB (A)- or TPA (B)-induced phosphorylation of
MEK 1/2 deerberry fruit extracts. JB6 mouse epidermal cells were pre-
treated with different concentrations of deerberry (‘B-76’) fruit ex-
tracts for 1h and exposed to UVB (4 kJ/m?) or TBA (20 ng/mL). Phos-
phorylated MEK 1/2 in cell lysate was determined, using a phospho-
specific antibody from Cell Signaling Technology. The phosphorylated
proteins and non-phosphorylated proteins were detected using the
same transferred membrane blot following a stripping procedure.
Data were representative of three experiments. Histograms show the
densitometric analysis of phosphorylated protein expression normal-
ized to total MEK 1/2.

possessed any apoptotic induction on cancer cells, HL-60 cells
and JB6 P* were treated with deerberry extracts (30 to120 ug/
mL) for 18 h. Cells were assessed for typical apoptotic morpholo-
gy by staining with 10 umol/L bis-benzimide Hoechst 33258
fluorochrome (Molecular Probes) for 30 min. Apoptotic cells
were counted with a fluorescence microscope, and photo-
graphed using a digital video camera (Pixera; Los Gatos, CA,
USA). Approximately 200-400 cells per group were assessed in
randomly selected fields to avoid experimental bias.
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Fig.8 Inhibition of proliferation of cancer cells by deerberry fruit ex-
tracts. (A) HL-60 human leukemia cells and (B) human lung cancer
cells, A549 (1x10%), were incubated with various concentrations of
deerberry (‘B-76’) fruit extracts (0 to 180 ug/mL) for 48 h and cell pro-
liferation was determined by the MTT assay. Proliferation was express-
ed as a percentage of cell growth in wells that received no extract. Cy-
anidin 3-glucoside (C 3G) at 50 uM was used as positive control. Data
are expressed as mean + S.E. of three samples.

Statistical analysis

Data presented are the means + S.E. values. All statistical analy-
ses were performed with NCSS Statistical Analysis System (Sta-
tisticalSystem for Windows; Kaysville, UT, USA) [18]. One-way
analysis of variance (ANOVA) was used to compare the means.
Differences were considered significant at p <0.05.

Results and Discussion

ESR was utilized to measure the ability of deerberry extract to
scavenge ‘OH and O, ™ radicals. Addition of deerberry (B-76) ex-
tracts (50 mg mL-1) reduced the signal intensity by 88 % for ‘OH
radicals (Fig. 2A) and 90% for O, ~ radicals (Fig. 2B). In the stand-
ard in vitro assay, we found that deerberry fruit extracts demon-
strated concentration-dependent inhibition of H,0, production
in a Ti(IV)-H,0, complex system (Fig. 3A). When human leuke-
mia HL-60 cells were treated with deerberry fruit extracts, there
was also a reduction of intracellular of H,0, level in a dose-de-
pendent manner (Fig. 3B).

Since AP-1 and NF-«B play a critical role in tumorgenesis induced
by carcinogens, we assessed the effects of deerberry extract on
AP-1 and NF-«B activation. Pretreatment of JB6 cells with deer-
berry extracts (30 to 120 ug mL-") produced an inhibition on AP-
1 activation induced by either UVB or TPA (Fig.4A). AP-1 activity
induced by either UVB or TPA was inhibited by 74-97% or 20-
98%, respectively, with deerberry extracts in the dose range of
30 to 120 ug mL". Similarly, the NF-«B activity induced by UVB
or TPA was also inhibited by deerberry extracts (Fig. 4B).

MAP kinases have been implicated in the activation of AP-1.
Therefore, we investigated the effect of deerberry extracts on
UVB- or TPA-induced MAP kinase activity by assessing the phos-
phorylation of MAPK family members and the upstream regula-
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tor MEK '/, kinase. Pretreatment of JB6 cells with deerberry ex-
tracts resulted in a significant inhibition of UVB-induced phos-
phorylation of ERKs in a dose-dependent manner (Fig. 5A). How-
ever, deerberry extracts showed no effect on [NKs activation and
little effect on p38 kinase activation (Figs. 6A and 6B), respective-
ly. Deerberry extracts also inhibited phosphorylation of MEK !/,
kinase, the upstream regulator of MAPKs (Fig. 7A). Similar results
were obtained in TPA-induced phosphorylation of ERKs and MEK
1/, kinase (Figs. 5B and 7B).

The proliferation of human lung cancer A549 cell and HL-60 hu-
man leukemia cells were inhibited in a dose-dependent fashion

Wang SY et al. Antioxidant Activity of ... Planta Med 2007; 73: 451-460

Fig.9 Deerberry fruit extracts induced hu-
man leukemia HL-60 cells apoptosis but |B6
P* mouse epidermal cells were resistant to
deerberry fruit extracts induced apoptosis.
Human leukemia HL-60 cells and |B6 cells
were treated with indicated doses of deer-
berry (‘B-76’) fruit extracts (0 to 180 ug/
mL) for 18h. The apoptotic HL-60 cells
were detected by Hoechst 33258 staining
(A). The percent apoptotic cells were calcu-
lated by determining the number of cells
with nuclear morphology change divided
by the total number of cells (B). Cyanidin 3-
glucoside (C 3G) at 50 uM was used as posi-
tive control. Data are expressed as mean +
S.E. of three samples.

Derryberry extract 30 pg/mL

after exposure to the deerberry fruit extracts (30 to 180 ug mL™1)
(Fig. 8). Furthermore, deerberry extracts induced apoptosis in
human promyelocytic leukemia HL-60 cells. As shown in Fig. 9A
and 9B, deerberry extracts induced apoptosis in HL-60 cells in a
dose-dependent manner. In contrast, the extracts did not cause
apoptosis in non-tumor JB6 cells (Fig. 9B).

The results from this study showed that deerberries had high
free radical scavenging capacity and also had anti-cancer proper-
ties in human lung carcinoma A549 and human leukemia HL-60
cell lines. At the concentration of 30 to 180 ug mL-! of deerberry
extract, AP-1 and NF-«B activity induced by TPA or UVB was de-
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creased. Inhibition of AP-1 and NF-«B activity has been shown to
lead to suppression of cell transformation [19]. Therefore, deer-
berry extracts showed inhibition against tumor promoter-in-
duced carcinogenic processes and the inhibitory effect of deer-
berry extracts on AP-1 and NF-«B activation noted in this study
may have a beneficial role in chemoprevention.

Studies indicate that ERKs, JNKs, and p38 kinase are key mol-
ecules activated in response to oxidant injury, such as that in-
duced by UVB and TPA. AP-1 is a downstream target of these
three MAP kinases. We found that deerberry extracts could
scavenge free radicals and inhibit UVB- or TPA-induced phos-
phorylation of ERKs and MEK '/, kinase. These observations
suggest that blocking UVB- and TPA-induced AP-1 MAPK acti-
vation by deerberry extracts may be due to their antioxidant
properties.

Cell proliferation is one of the key factors in the development of
cancer. Aberrations in the regulation of a number of key path-
ways controlling cell proliferation are necessary for the estab-
lishment of all tumors. Deregulation of cell proliferation together
with suppressed apoptosis is the minimal common platform for
all cancer evolution and progression [20]. We found that prolif-
eration of human lung cancer A549 cells and human leukemia
HL-60 cells were inhibited after exposure to deerberry extracts.
Dietary freeze-dried strawberries were shown to effectively in-
hibit N-nitrosomethylbenzylamine-induced tumorigensis in the
rat esophagus [20]. Several other fruits have also shown inhibi-
tion of HepG, human liver cancer cell proliferation [21], [22],
[23], [24], [25].

Deerberries also induced apoptosis in human leukemia HL-60
cells in a dose-dependent manner. The induction of apoptosis in
HL-60 cells by deerberry extracts suggested that some com-
pounds contained in deerberries possess therapeutic activity for
human leukemia. As compared with non-neoplastic cells, cancer
cells constitutively generate large but non-lethal amounts of ROS
that apparently function as signaling molecules in the MAPK
pathway to constantly activate redox-sensitive transcription fac-
tors and responsive genes. These gene products are involved in
the survival of cancer cells as well as their proliferation. From
these perspectives, Toyokuni et al. [26] proposed the concept of
“persistent oxidative stress in cancer cells”. Reducing oxidative
stress may suppress the proliferation of tumor cells. The results
of the current study demonstrate that deerberry extracts exhib-
ited a strong antioxidant capacity. The induction of apoptosis of
HL-60 cancer cells by deerberry extracts may be due to its anti-
oxidant properties by inhibiting the favorable redox-induced
ERK and MEK '/, activation in cancer cells. All these data suggest
that deerberries function as a potential chemopreventive and
chemotherapeutic agent. The antioxidant activity and the apop-
tosis induction of human leukemia HL-60 cells were higher in
deerberries ‘B-76’ than in lingonberries ‘Sanna’ or strawberries
‘Earliglow’ [24], [25].

Thus, in this study, we further elucidate the mechanisms by
which phytochemicals may prevent carcinogenesis. Deerberry
fruit extracts scavenged ROS and inhibited AP-1 and NF-«B acti-
vation, possibly by interfering with signal transduction events
involving MAP kinases. These studies open a promising area of

investigation in understanding the molecular mechanisms
responsible for the beneficial effects of phytochemicals on
health.
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