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Abstract

Objective—Cervical cancer is the second most common female cancer worldwide, and it
remains a challenge to manage preinvasive and invasive lesions. Food-based cancer prevention
entities, such as black raspberries and their derivatives, have demonstrated a marked ability to
inhibit preclinical models of epithelial cancer cell growth and tumor formation. Here, we extend
the role of black raspberry-mediated chemoprevention to that of cervical carcinogenesis.

Methods—Three human cervical cancer cell lines, HeLa (HPV16—/HPV18+, adenocarcinoma),
SiHa (HPV16+/HPV18-, squamous cell carcinoma) and C-33A (HPV16—-/HPV18-, squamous
cell carcinoma), were treated with a lyophilized black raspberry ethanol extract (RO-ET) at 25, 50,
100 or 200 pg/ml for 1, 3 and 5 days, respectively. Cell proliferation was measured by WST1
(tetrazolium salt cleavage) assays. Flow cytometry (propidium iodide and Annexin V staining) and
fluorescence microscopy analysis were used to measure apoptotic cell changes.

Results—We found that non-toxic levels of RO-ET significantly inhibited the growth of human
cervical cancer cells, in a dose-dependent and time-dependent manner to a maximum of 54%, 52%
and 67%, respectively (p<0.05). Furthermore, cell growth inhibition was persistent following
short-term withdrawal of RO-ET from the culture medium. Flow cytometry and fluorescence
microscopy demonstrated RO-ET-induced apoptosis in all cell lines.

Conclusion—Black raspberries and their bioactive components represent promising candidates

for future phytochemical-based mechanistic pathway-targeted cancer prevention strategies.
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Introduction

Cervical carcinoma, the second most common female cancer worldwide, is the seventh
leading cause of cancer death in women. It is estimated that 12,200 new cases and about
4210 deaths will be attributed to cervical cancer in the United States in 2010 [1]. Although
cervical cytology screening has helped reduce mortality rates, managing preinvasive and
invasive cervical lesions remains a challenge.

Cancer chemoprevention is classically defined as the use of natural or synthetic agents, in
combination or alone, to inhibit, delay, or reverse the carcinogenic process and is a
promising area of current cancer research [2-7]. Using a food-based cancer risk reduction
strategy, we and others have demonstrated the dramatic cancer prevention properties of
whole freeze-dried black raspberries and strawberries on colon, esophagus, and oral cavity
tumorigenesis in different chemical-induced experimental carcinogenesis animal models [8—
11]. Similarly, various “berry” extracts have been shown to significantly reduce the growth
rates of human oral cancer cells in vitro [12-14]. Given the similar epidemiologic basis of
oral and cervical cancers, we hypothesized that bioactive food components present in black
raspberries and their simple derivatives could inhibit cell growth and pro-carcinogenic
processes in human cervical cells. Therefore, in this study, we investigated the growth
inhibitory and chemopreventive potential of a black raspberry extract (RO-ET) in human
cervical cancer cells.

Materials and methods

Cell culture and reagents

Human cervical cancer cell lines, HeLa, SiHa and C-33A, were purchased from the
American Type Cell Collection (ATCC; Manassas, VA). Cells were maintained in complete
growth medium containing advanced DMEM/F-12 supplemented with 5% fetal bovine
serum (FBS), GlutaMAX (2 mmol/L), penicillin (100 units/mL), and streptomycin (100 pg/
mL) (Invitrogen; Carlsbad, CA). Cells were switched to assay medium containing 1% FBS
and 5 U/mL catalase for RO-ET administration [15]. Hoechst 33342 was purchased from
Invitrogen and the Annexin-V-FLUQS Staining Kit from Roche Diagnostics Corporation
(Indianapolis, IN).

Black raspberry extract

RO-ET was prepared essentially utilizing a standardized extraction protocol as previously
reported by Hecht et al. [16]. Briefly, a dedicated black raspberry (Rubus occidentalis, RO)
cultivar was obtained from Stokes Fruit Farm (Wilmington, OH) and freeze-dried.
Lyophilized black raspberry powder was extracted with ethanol (ET)/water (80:20) to
generate a residue (RO-ET), which was subsequently resuspended at 200 mg/mL in cell
culture grade dimethyl sulfoxide (DMSO)(Sigma-Aldrich; St. Louis, MO). Aliquots of this
minimally derived extract were stored in amber vials at —80 °C until needed for in vitro
assays. Analysis of the extract by high performance liquid chromatography revealed that the
most abundant compounds in the extract are the four anthocyanins in black raspberries [11].

Cell growth inhibition assay

Cells were seeded in 96-well cell culture plates and after 24 h, the complete growth medium
was replaced with fresh assay medium containing dilutions of RO-ET (25, 100 or 200 pg/
mL) or 0.1% DMSO final concentrations, respectively. At least four replicate wells were
used for each RO-ET concentration. For RO-ET administration, the culture medium was
removed and replaced with fresh assay medium containing corresponding RO-ET or DMSO
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on assay day 2 (3-day exposure protocol), or on assay day 2 and day 4 (5-day exposure
protocol). At the indicated time points, viable cell numbers were determined using WST-1
following the manufacturer’s protocol. Data are expressed as the ratio of RO-ET-treated
cells versus DMSO-treated cells.

Apoptosis analysis by flow cytometry

Apoptotic cells were assessed using the Annexin-V-FLUQS Staining Kit. Briefly, cells were
seeded in 35 mm culture plates, and exposed to RO-ET (200 ug/mL) or DMSO. Cells were
detached using 0.25% trypsin and washed with 1x PBS. Cells were incubated with 100 L
HEPES containing 2 pL Annexin-V-FLUOS and 2 pL propidium iodide (PI, 1 mg/mL) for
15 min. Single cell suspension data (10,000 cells) were acquired using a FACScan Flow
Cytometer (Becton-Dickinson; Franklin Lakes, NJ) and data processed with Cell Quest
software (Becton-Dickinson).

Apoptosis analysis by Hoechst 33342 staining

Cervical cancer cells were seeded onto Nunc Lab-Tek chamber slides (ThermoFisher
Scientific) and treated with RO-ET (200 pg/mL) for 3 days. Cells were fixed in 4%
paraformaldehyde for 20 min. The fixed cells were washed with 1x PBS and stained with
Hoechst 33342 (10 pg/mL) at 37 °C for 20 min. Cells were washed with 1x PBS and viewed
under a Zeiss Axioskop (Thornwood, NY) microscope at 400x magnification.

Statistic analysis

Results

Statistical comparisons of RO-ET-exposed versus DMSO vehicle control-treated cervical
cancer cells were performed using an ANOVA followed by an unpaired t test. Differences
were considered significant at p<0.05.

RO-ET inhibits human cervical cancer cell growth in a dose- and time-dependent manner

To assess the potential growth inhibitory activity of RO-ET on HeLa, SiHa, and C-33A
human cervical cancer cells, we first identified the optimal cell seeding density. Cell
viability and growth were characterized using the WST-1 assay, and optimal cell densities
were selected for HeLa (<5000/well), SiHa (<15,000/well), and C-33A (<15,000/well)
cervical cells in 96-well culture plates. These cell densities were used for all subsequent
growth inhibition assays unless specifically noted otherwise. Cervical cancer cells were
seeded and exposed to RO-ET at 25, 100 or 200 pg/mL for 1-, 3- and 5-days, respectively.
RO-ET at concentrations of 25-200 pg/mL did not result in detectable cytotoxicity as
evidenced by lactate dehydrogenase (LDH) assay or trypan blue staining (data not shown).

As shown in Fig. 1, RO-ET inhibited cell growth in HeLa, SiHa, and C-33A cells in both
time- and dose-dependent manners. RO-ET exposure demonstrated a maximum decrease in
cell growth of 54% (HeLa), 52% (SiHa) and 67% (C-33A) compared to DMSO control
treatment (p<0.005). In HeLa cells, RO-ET concentrations of 25, 100 or 200 pg/mL
demonstrated a reduction in proliferation of 5%, 28% and 54%, respectively, following 3
days of exposure. Similarly, in SiHa or C-33A cells these RO-ET concentrations
demonstrated inhibition of 5%, 47%, and 52%, or 29%, 49%, and 67%, respectively,
following 5 days of exposure. Thus, a readily observed dose—response in cell growth
inhibition was seen in all cervical cell lines as RO-ET concentration increased. Furthermore,
at a fixed concentration, growth inhibition varied with length of exposure. HeLa cells
demonstrated a 39% and 54% decrease in cell growth following 1-day and 3-day RO-ET
exposures, respectively. Once again, these growth decreases were recapitulated in SiHa
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(32%, 45%, and 52%) and C-33A (13%, 38%, 67%) cells following 1-, 3-, and 5-day RO-
ET exposures, respectively. Overall, these data demonstrate a dose-dependent and time-
dependent growth inhibition response to RO-ET in all cervical cells tested.

RO-ET-dependent growth inhibition is persistent in cervical cancer cells

To investigate whether the growth inhibitory activity of RO-ET was transient, persistent, or
reversible, cervical cancer cells were exposed to RO-ET for 3 days and subsequently
allowed to grow for an additional 2 days in the absence of RO-ET. After 5 days, HeLa, SiHa
and C-33A cells were assessed for changes in growth using the WST-1 assay. A 5-day
continuous exposure to RO-ET demonstrated a decrease in cell growth of 43% (HeLa), 53%
(SiHa) and 45% (C-33A) compared to DMSO control treatments. Interestingly, a 3-day LBR
extract exposure followed by 2 days of RO-ET-free culturing demonstrated comparable
growth inhibitions of 38% (HeLa), 50% (SiHa) and 46% (C-33A), compared to 5-day RO-
ET exposure (Fig. 2). These results indicate that in all three human cervical cancer cell lines
the growth inhibitory effects initiated by RO-ET exposure are persistent, and are not
significantly reversed following short-term withdrawal of RO-ET.

RO-ET induces apoptosis in human cervical cancer cells

To explore the molecular mechanisms underlying the growth inhibitory effects of RO-ET in
cervical cancer cells, we characterized RO-ET exposed cells for apoptotic cell populations
by double-staining with Annexin V and propidium iodide using flow cytometry. RO-ET (3-
day exposure) induced an increase in apoptotic cell populations in all cervical cell lines,
ranging from 1.7-fold to 3.1-fold compared to controls. Exposure to RO-ET for 3 days
increased apoptosis 3.1-fold in HeLa, 2.8-fold in SiHa, and 1.7-fold in C-33A cells
compared to controls as indicated by bound Annexin V (Fig. 3A). The induction of
apoptosis in each cervical cell line is consistent with the growth inhibitory effects measured
by WST-1 assay. When exposed to RO-ET for 3 days, HeL a cells demonstrated —54%
proliferation/+210% apoptosis, SiHa cells showed —45% proliferation/+180% apoptosis, and
C-33A cells revealed —38% proliferation/+70% apoptosis. We noticed that the apoptosis
induced by RO-ET was relatively lower in C-33A cells compared to HelLa and SiHa cells.
Additionally, following a 3-day exposure to RO-ET, HelLa and SiHa cells exhibited
hallmark apoptotic nuclear features, including chromatin condensation, as observed using
Hoechst 33342 staining and fluorescent microscopy (Fig. 3B). We did not observe obvious
apoptotic nuclear features in C-33A cells after a 3-day RO-ET exposure (data not shown),
consistent with the flow cytometry analysis. A 5-day RO-ET exposure dramatically
increased apoptosis 6.1-fold in HeLa, 9.3-fold in SiHa, and 4.3-fold in C-33A cells
compared to controls (Fig. 3A), which is consistent with the time-dependent cell growth
inhibition by RO-ET. Interestingly, the contribution of apoptosis in growth inhibition by
RO-ET was different among HeLa, SiHa and C33A cells, which may be due to the cell
genetic background difference. Overall, the Annexin V and PI staining results in conjunction
with the observed nuclear condensation provide experimental evidence that RO-ET-
mediated growth inhibition is associated with increased apoptotic biomarkers in human
cervical cells.

Discussion

Various cervical cancer risk reduction strategies have been investigated, including immune
modulation of cytokines, individual micronutrient supplementation, polyamine synthesis
inhibitors, and pharmaceutical agents, and all have demonstrated a limited success [17,18].
Most recently, HPV vaccine strategies have been implemented that hold the promise of
significant cervical cancer risk reduction; however, the actual impact of these initiatives
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remains years away. Thus, novel and broadly applicable approaches to cervical cancer
prevention, such as those described herein, remain essential and necessary.

Fruit and vegetable consumption has been shown to be inversely related to cancer mortality
[19], and provides the foundation for food-based approaches to cancer prevention. It has
been observed that a diet rich in plant-based nutrients is important in reducing the risk of
cervical cancer [20]. Black raspberries are of particular interest due to their large
complement of compounds with demonstrated chemo-preventive activity. Whereas isolated
phytonutrients have failed to demonstrate appreciable chemopreventive activities in clinical
trials, whole-food-based and minimally derived extracts have not been systematically
investigated in the cervix. In the present study we found that RO-ET inhibited the cell
growth of all cervical cancer cells examined: HeLa, SiHa and C-33A. Our demonstration of
RO-ET time-and dose-dependent growth inhibition of cervical cancer cells extends other
“berry” bioactive component studies [21-23], and provides evidence for an RO-ET-
mediated mechanism of apoptosis.

Historically, chemoprevention approaches rely on lifestyle changes and persistent exposure
to a cancer prevention intervention strategy. Continuous exposure to RO-ET over 5 days in
vitro resulted in the significant inhibition of cell growth in all cervical cancer cells
examined. Interestingly, we observed that following a 3-day RO-ET administration, growth
inhibition persisted at levels comparable to a continuous 5-day exposure for an additional 2
days if RO-ET was removed from the culture conditions. There was no immediate
reversibility in growth suppression following this short-term withdrawal of RO-ET.
Although longer periods of RO-ET-free growth are not possible in the existing in vitro
model conditions due to cell confluency limitations, it will be interesting to further study the
transient and persistent aspects of growth inhibition following RO-ET exposure and
removal.

Apoptosis is a tightly controlled mechanism of programmed cell death and recognized as an
important target for potential cancer prevention strategies. It has been shown that black
raspberry extracts stimulated apoptosis in colon cancer cells as well as oral squamous cell
carcinoma cells and rat esophageal squamous cell carcinoma cells (see paper by Zikri et al.
[12,13,24]); however, the role of RO-ET on cervical cancer cells remains largely
uncharacterized. We found that RO-ET induced apoptosis in all cervical cell lines with
varying degrees of potency. As mentioned previously, the variation in apoptotic response to
RO-ET may be in part a reflection of known genetic background differences between HelLa
(HPV16~/HPV18*, wild-type p53), SiHa (HPV16*/HPV18~, wild-type p53) and C-33A
(HPV18™HPV16~, mutant p53). Bernard et al. have shown that HPV status and p53
functionality can influence the susceptibility of staurosporine-induced apoptosis in various
cervical cancer cell lines [25]. They reported that wild type p53 cells such as HeLa
demonstrated an enhanced apoptotic collapse of the mitochondrial membrane potential and
greater DNA fragmentation compared to mutant p53 cells such as C-33A [25]. The time-
dependent apoptotic responses by the human cervical cancer cells are mirrored by the
growth inhibition induced by RO-ET in these cell lines, providing evidence that the growth
inhibitory effects of RO-ET are in part attributed to activation of apoptotic mechanisms.

As an important target for potential cancer prevention strategies, apoptosis has been
demonstrated to contribute to other nutrient-based intervention strategies evaluated in
cervical cancer prevention. The alkaloid compound (-)-anonaine derived from Michelia
alba trees [26], the isothiocyanate sulforaphane (SFN) [27], and the combination of SFN
with eugenol [28] have all been reported to induce apoptosis in HPV18* HeLa cervical
cancer cells. Similarly, an aqueous extract from the bark of Cinnamomum cassia promoted
apoptosis in HPV16™ SiHa human cervical cancer cells [29]. Furthermore, both the green tea
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derived flavonoid epigallocatechin gallate (EGCG) and a commercial formulation of green
tea polyphenols (Polyphenon E) inhibited the growth of HPV18* Me180 and HeLa cells, as
well as cervical epithelial cells (TCL1) immortalized with HPV18 viral DNA, through
apoptotic mechanisms [30].

Some studies have focused on identification of the individual bioactive components
responsible for black raspberry-mediated chemoprevention. These reductionist approaches
target specific common compounds present in the black raspberry extract and characterize
which of these isolated compounds are associated with particular chemopreventive effects.
Han et al. reported that two major components of black raspberries, ferulic acid and beta-
sitosterol, inhibited the growth of premalignant and malignant human oral cell lines [14].
Zikri et al. reported that two black raspberries anthocyanins, cyanidin-3-O-glucoside and
cyanidin-3-O-rutinoside, inhibited proliferation and induced apoptosis in vitro in
tumorigenic rat esophageal epithelial cells [24], while Wang et al. reported that black
raspberry anthocyanins delivered in vivo prevented esophageal tumors in rats [11]. Although
some bioactive components of black raspberries have been identified for their cancer
chemopreventive potential, many other components remain unknown and/or untested for
cancer chemopreventive activity. Furthermore, we hypothesize that bioactive components
within the complex matrix of the intact or minimally-extracted black raspberries inhibit
carcinogenesis through additive or synergistic mechanisms. The ability of a complex
mixture of chemopreventive agents within the minimally-derived extract to act upon
multiple pathways of growth inhibition (and carcinogenesis) underlies the rationale for using
a “crude” black raspberry extract in this study.

The K14-HPV16 mouse model is commonly used in studies involving cervical
intraepithelial neoplasias and cancer, and provides the essential transition from in vitroto in
vivo pre-clinical studies [31,32]. Topical application (locoregional) and dietary
administration (systemic) of black raspberries and/or their bioactive components using the
K14-HPV16 mouse model would assess the potential efficacy of black raspberries on the
histopathology of progressive cervical lesions present in the transformation zone. These
studies would be essential to establish a foundation and rationale for subsequent future
Phase I clinical trials focused on black raspberry-mediated intervention strategies in human
cervical cancer prevention.

In conclusion, a minimally derived ethanol extract of black raspberries demonstrated
significant growth inhibitory and apoptotic activating activities in human cervical cancer
cells in a dose- and time-dependent manner. Overall, these data suggest that black
raspberries and their bioactive components represent promising candidates for food-based
chemoprevention strategies for cervical cancer. This study provides an excellent foundation
for future preclinical studies and strengthens the rationale and justification for the inclusion
of black raspberry bioactive components in human cervical cancer prevention strategies.
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Fig. 1.

Dose- and time-dependent inhibition of cell growth in HeLa, SiHa and C-33A cells by RO-
ET. RO-ET was added to Hela, SiHa and C-33A cells to final concentrations of 25, 100, or
200 pg/mL. Cells were cultured for 1-day, 3-days (culture medium/LBR extract change on
assay day 2), and 5-days (culture medium/LBR extract change on assay day 2 and day 4),
and subjected to WST-1 assay. Control cells were treated with an equivalent volume and
concentration of delivery vehicle (DMSO). Assay points were performed in quadruplicate
and data are expressed as percentage of DMSO-treated control cells, mean+SD. Data shown
are the represents of at least four different experiments. *p<0.05, significantly different from
vehicle treated controls.
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RO-ET administration induces growth inhibition that is persistent following short-term RO-
ET withdrawal. HeLa, SiHa and C-33A cells were exposed to RO-ET for 1-, 3-, and 5-days,
and analyzed using the WST-1 assay. Culture medium was removed and replaced with fresh
assay medium containing RO-ET or DMSO on assay day 2 (3-day exposure protocol), or on
assay day 2 and day 4 (5-day exposure protocol). To assess the transient or persistent nature
of RO-ET-induced growth inhibition, cells were exposed to RO-ET for 3 days, subjected to
a culture medium change, and allowed to grow in RO-ET-free conditions for an additional 2
days. Control cells were treated with an equivalent volume and concentration of RO-ET or
DMSO. Assay points were performed in quadruplicate and data are shown in meanSD.
Data shown are representative of at least three different experiments. *p<0.05, significantly
different from vehicle treated controls.
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Fig. 3.

Induction of apoptotic activity by RO-ET in HelLa, SiHa and C-33A cervical cancer cells.
(A) RO-ET administration induced apoptosis in HeLa, SiHa and C-33A cells. Cells were
exposed to RO-ET for 3- or 5-days, stained with AnnexinV/PI, and characterized using flow
cytometry. Data shown are the average of at least two experiments and meanSD. *p<0.05,
significantly different from vehicle treated controls. (B) Nuclear condensation in HeLa and
SiHa cervical cells following delivery of RO-ET. Cells were administered RO-ET for 3 days
and stained with Hoechst 33342. Nuclear condensation was assessed at 400x magnification
using UV epifluorescence. Arrows point to regions representing apoptotic nuclear
condensation.
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