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Antioxidants are known to be beneficial to health. This paper evaluates the potential chemopreventive and anticancer properties
of phenolic compounds present in grape juice extracts (GJE) from Autumn Royal and Ribier varieties. The effects of these GJE
on viability (SRB day assay) and metastatic potential (migration and invasion parameters) of colon cancer cell lines HT-29 and
SW-480 were evaluated. The effects of GJE on two matrix metalloproteinase gene expressions (MMP2 and MMP9) were also
evaluated via QRT-PCR. In the former, GJE reduced cell viability in both cell lines in a dose-dependent manner. GJE treatment
also reduced cell migration and invasion. Moreover, MMP-2 and MMP-9 gene expression diminished depending on extract and
on cell type. Conclusions. These results provide novel information concerning anticancer properties of selected GJE by revealing

selective cytotoxicity and the ability to reduce invasiveness of colon cancer cells.

1. Introduction

Epidemiological data and studies carried out in animal mod-
els have established that regular dietary intake of fruits and
vegetables is protective against cancer [1]. Specifically, grapes
(Vitis vinifera L.) are attributed to health-promoting effects
related to elevated polyphenol contents [2]. The benefits
reported include anti-inflammatory, anticarcinogenic, and
immune-stimulatory effects, which are thought to be medi-
ated by polyphenol-induced alterations in signaling pathways
[3]. The most abundant polyphenols present in grapes include

hydroxybenzoic acids, such as gallic acid; hydroxycinnamic
acids (caffeic acid); stilbenes (resveratrol); and flavonoids,
like anthocyanins, catechins, and others [4, 5]. The biological
activities of these compounds have been ascribed to their
antioxidant and free radical scavenging properties [6].
Colon cancer is the third most prevalent cancer in adult
populations and is responsible for 9% of cancer-related deaths
worldwide [7, 8]. However, colon cancer is, to some extent,
preventable [9]. For instance, changes in diet and lifestyle
have a significant impact on reducing the risk of developing
colorectal cancer [10]. Particularly, polyphenols derived from
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diverse dietary foods or beverages, such as grapes, teas, and
turmeric, display chemopreventive and therapeutic proper-
ties against colon and other cancer types [11, 12]. In this
respect, resveratrol (RSV) (3,5,4'—trihydroxytrans—stilbene),
one of the most abundant grape polyphenols, exhibits inter-
esting properties in terms of colon cancer prevention poten-
tial. Furthermore, RSV is a recognized antioxidant molecule
[13] that reportedly intervenes in different stages of carcino-
genesis, for example, initiation, promotion, and progression.
This has been reported in numerous experimental models,
including cancer cell lines, animal models, and clinical trials
[14]. In related in vitro and in vivo studies, RSV has been
shown to possess anticancer potential against several cancer
types, including prostate, hepatic, breast, skin, colorectal, and
pancreatic cancer [15-18]. Similar observations have been
described for anthocyanins and catechins [19]. Importantly,
these three phytochemical compounds constitute nearly 50%
of grape polyphenols [19]

Tumor metastasis is one the major causes of morbidity
in cancer patients [20]. Unfortunately, no therapy has been
developed that successfully targets metastasis-associated pro-
cesses in any human cancer [21]. Metastasis is a process
in which cancer cells migrate from primary tumor sites to
distant tissues, where secondary tumors are formed [21].
Initially, this requires detachment from the initial tumor,
extracellular matrix (ECM) degradation, migration, and
intravasation of cancer cells [22]. Importantly, migration and
degradation of the ECM appear to represent critical steps
during metastasis [22]. For instance, MMP-2 and MMP-
9 (also known as type IV collagenases or gelatinases) are
capable of degrading most ECM components forming the
basal membrane, facilitating tumor cell escape and metastasis
[23].

In this study, GJE were obtained from two widely pro-
duced grape varieties in Chile (blue grapes Autumn Royal
(AR) and Ribier (RB)), and their anticancer properties were
analyzed. The investigation considered in vitro effects of GJE
on viability and metastatic parameters in SW-480 and HT-
29 human colorectal carcinoma cell lines. The results show
that GJE decreases cell viability in both cell lines in a dose-
dependent manner. Importantly, this effect was selective,
in that human dermal fibroblasts (HDF) were not affected.
Moreover, GJE exposure diminishes metastatic potential of
colon cancer cells by reducing migration and invasion of
these cells. Additionally, GJE diminishes expression of matrix
metalloproteinase genes MMP-2 and MMP-9. The conclusion
discusses evidence that AR and RB GJE selectively reduce
colon cancer cell proliferation and, more importantly, inhibit
the metastatic potential of colon cancer cells.

2. Materials and Methods

2.1. Plant Material. Blue grapes cv. Autumn Royal and
Ribier were harvested from Aconcagua Valley, Valparaiso,
Chile, in summer. They were placed in polyethylene bags
and transported at 4°C to the laboratory. The stems were
manually removed, while damaged and poor quality fruits
were eliminated. The samples were packed in polyethylene
bags and stored at —32°C until being used.
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2.2. Grape Juice Extracts (GJE). Approximately 200 grapes
were defrosted, washed with distilled water, and pressed in a
stainless steel manual grape crusher at room temperature. The
juice was collected and homogenized by manual stirring, kept
in polypropylene bottles, sealed, and stored in a cold chamber
at -32°C until analysis. Subsequently, GJE were lyophilized,
solubilized in 4 mL of distilled water, and filtered (pore size
0.2 ym).

2.3. Cell Culture and Grape Juice Extract Treatment. Human
colon cancer cell lines SW-480 and HT-29 and human dermal
fibroblast (HDF) were maintained in DMEM High glucose
medium (Gibco, San Diego, CA, USA), supplemented with
10% (v/v) fetal bovine serum (FBS) at 37°C in a humidified
5% CO, incubator.

For GJE treatment, appropriate volumes of work solutions
were added to the medium to reach indicated concentrations
(0,10, 25, 50, or 100 mg/mL) and cells were then incubated for
indicated periods of time (24, 48, 72, and 144 hours).

2.4. Cell Viability Assay. Cell viability was determined by
the Sulforhodamine B (SRB) (Sigma, St Louis, MO, USA)
dye assay as previously described [24]. Cells were seeded
at density 3 x 10° cells/well in a 96-well plate for 24 h
and then treated with GJE as mentioned above. Following
treatment, cells were fixed by adding 25uL of cold 50%
(wt/vol) trichloroacetic acid (TCA) followed by incubation
for 60 min at 4°C. Plates were washed with deionized water
and dried. Then, 50 uL of SRB solution (0.1% wt/vol in 1%
acetic acid) was added per well and incubated for 30 min at
room temperature. Unbound SRB was removed by washing
with 1% acetic acid. Plates were air-dried and protein-bound
dye was solubilized with 100 yL of Tris base (10 mM). Optical
densities were read in an automated spectrophotometer plate
reader at 540 nm.

2.5. Cell Migration and Invasion Assays. For cell migration
assay, cells were treated with GJE (25 mg/mL) for 24 h and
then seeded in a Transwell chamber without Matrigel coating.
Cells (2 x 10° cells/well in 300 uL of serum-free medium)
were then seeded into the upper chamber, and 0.5mL
medium containing 20% FBS was added to the lower chamber
as a chemoattractant. After incubation for 24 h at 37°C in 5%
CO2, the upper surface of the porous membrane was wiped
with a cotton swab. Cells that migrated to the lower surface
of the porous membrane were fixed in 50% methanol and
stained with 0.1% crystal violet.

The cell invasion assay was conducted in a similar fashion
in a Transwell chamber with Matrigel coating (Sigma) for
48 h. Matrigel was diluted with serum-free medium to a final
concentration of 2mg/mL, and 8 ym-pore polycarbonate
membrane filters were coated with 50 uL of Matrigel. In both
migration and invasion assays, cell numbers were counted
in twenty random fields (x100) per filter, for a total of three
filters (n = 3).

% migration = (number of treated cells/number of
control cells) x 100

% invasion = (number of treated cells/number of
control cells) x 100
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TABLE 1
Primer bp Sense Antisense
MMP-2 133 5'-CCTCCCTGCCCCTCCCTTCA-3' 5'-GCTTCTGGCTGGGTCTGTGGC-3'
MMP-9 174 5'-GCCTTTGGACACGCACGACG-3' 5'-GCCAAAGCAGGACGGGAGCC-3'
GAPDH 226 5'-GAAGGTGAAGGTCGGAGTC-3' 5'-GAAGATGGTGATGGGATTTC-3'
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FIGURE 1: Effect of AR and RB GJE on cell growth of colon cancer cell lines and normal human dermal fibroblast (HDF). Following treatment
with the indicated doses of GJE (0, 10, 25, 50, and 100 mg/mL), cell viability was determined by SRB dye assay (see Materials and Methods).
Dose-response effects are presented as the percentage of each GJE treatment with respect to EtOH-treated cells (control 100%). The graphs
show viability values for HT29 (black bars), SW-480 (white bars), and HDF (slashed bars) in response to AR and RB GJE treatment ((a) and
(b), resp.). The data shown are means + SEM of four independent experiments. * P < 0.05 compared with control.

2.6. Reverse Transcription-Polymerase Chain Reaction (RT-
PCR). Total RNA was isolated with Trizol reagent, follow-
ing instructions provided by the manufacturer (Invitrogen,
Carlsbad, CA, USA). RNA samples (2 pg) were treated with
the RQ1 DNAse (Promega) and reverse-transcribed using the
M-MLV reverse transcriptase (Promega, Madison, W1, USA),
using the oligo (dT) 15 primers (Promega) as instructed by
the manufacturer. MMP-2, MMP-9, and GADPH mRNA
expressions were determined by quantitative real-time PCR
conducted in a StepOne™ Real-Time PCR System (Applied
Biosystem, Foster City, CA, USA). Briefly, each amplification
mixture (20 ul) consisted of 10 ul SYBR Green PCR Master
Mix 2x (Applied Biosystems), 2 ul primer mix (250 nM each
one), 6 ul of nanopure water, and 2 ul of cDNA. Cycling
conditions were as follows: 96°C, 10 min; 40 cycles of 96°C,
5s; 58°C, 30s; 72°C, 25s. Reactions were finished with
extensions of 72°C for 25 s. Primers used for MMP-2, MMP-9,
and GAPDH amplification were as follows:

MMP-2 (133bp): 5'-CCTCCCTGCCCCTCCCTT-
CA-3' (sense) and 5'-GCTTCTGGCTGGGTCTGT-
GGC-3' (antisense)

MMP-9M (174bp): 5'-GCCTTTGGACACGCA-
CGACG-3' (sense) and 5'-GCCAAAGCAGGA-
CGGGAGCC-3' (antisense)

GAPDH (226bp): 5'-GAAGGTGAAGGTCGG-
AGTC-3' (sense) and 5 -GAAGATGGTGATGGG-
ATTTC-3' (antisense) (see Table 1).

2.7. Statistical Analysis. All data are expressed as the means +
SEM taken from at least three independent experiments. Data
were processed using INSTAT v3.05 (GraphPad Software, San
Diego, CA, USA, https://www.graphpad.com/). Analysis of
variance (ANOVA) for multiple comparisons was used as
noted. In all cases, p < 0.05 was considered significant.
All statistical tests were performed with statistical analysis
software.

3. Results and Discussion

Since in vitro cytotoxicity screening models provide impor-
tant preliminary data to help select grape extracts with poten-
tial antineoplastic properties for future study, the cytotoxic
effects of the Royal and Ribier grape juice extracts on Human
colon cancer cell lines SW-480 and HT-29 were evaluated by
the Sulforhodamine B (SRB) assay. The results demonstrate
that extracts exhibit significant inhibitory effects in SW-480
and HT-29 at 48h of treatment (Figure1). Furthermore,
the extracts examined under experimental conditions as
described had no cytotoxic effects against normal human
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FIGURE 2: Inhibitory effect of GJE on migration of colon cancer cells. HT-29 and SW-480 cells were treated with AR or RB GJE (25 mg/ml) for
24 h. Following treatment, migration was evaluated in a Transwell chamber (see Materials and Methods). (a) Representative photos of HT-
29 and SW-480 migration assays are shown for each indicated condition (magnification x100). (b) Quantification of the migration assay of
SW-480 (white column) and HT-29 (black column). Data represent percentage of migration of treated cells with respect to untreated controls
(means + SEM) from three independent experiments. * P < 0.001 versus control.

dermal fibroblast cells (similar results were obtained with
colon epithelial cells (CCD841 CoN), data not shown).

3.1. Cell Viability and Cell Migration

3.11. Inhibition of Colon Cancer Cell Viability by GJE. To
assess effects of GJE treatment on cell viability, SW-480 and
HT-29 colon cancer cell lines were exposed to increasing con-
centrations of AR and RB GJE, and viability was determined
using the SRB dye assay (Figure 1). In these dose-response
experiments, the lowest GJE dose (10 mg/mL) significantly
reduced cell viability in SW-480 and HT-29 cells after 72 h of
treatment, as compared to the ethanol control (Figure 1). GJE
at a concentration of 25 mg/mL led to significant cell viability
reductions in SW-480, 40% and 34% for AR (Figure 1(a))
and RB (Figure 1(b)), respectively, and in HT-29 cells, 43%
and 58%, respectively (p < 0.001) (Figure 1). The highest
GJE concentration (100 mg/mL) induced the most significant
reduction in viability for colon cancer cell lines SW-480 (82%
and 84% for AR and RB, resp.) and HT29 (84% and 90%,

resp.) (p < 0.001) (Figures 1(a) and 1(b)). Interestingly, GJE at
these same concentrations had no effect on nontumoral cell
line derived from human dermal fibroblasts (HDF). These
data indicate that AR and RB GJE inhibit the growth of
HT-29 and SW-480 colon cancer cells in a dose-dependent
manner and that no such detrimental effects are observed in
a nontransformed control cell line (HDF).

3.1.2. Inhibition of Colon Cancer Cell Migration by GJE. Given
that the GJE under study reduced cell viability of colon
cancer cells, research turned to whether GJE might have
additional effects on migration. As determined in Transwell
assays, AR and RB grape juice extracts significantly reduced
migration of HT-29 and SW-480 cells (Figures 2(a) and 2(b)).
In Figure 2(a), representative photos of HT-29 migration
after treatment with AR and RB GJE (25 mg/mL) are shown.
HT-29 cell migration (white bars) was reduced to 35% and
38% of control levels after treatment with AR and RB GJE
(25 mg/mL, time), respectively. In SW-480 cells, the percent-
age of migrating cells was reduced to 38% and 44% of control
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FIGURE 3: Inhibitory effect of GJE on the invasion capacity of
colon cancer cells. HT-29 and SW-480 cells were treated with either
AR or RB GJE (25mg/mL), or EtoH (solvent control) for 48h,
and then harvested and seeded into the upper Transwell chamber
coated with Matrigel. Data represent the percentage of the number
of cells that invaded the lower chamber with respect to untreated
control condition (100%), HT-29 (black column), and SW-480
(white column). Data represent means + SEM obtained from three
independent experiments. * p < 0.001 versus. control.

cells following AR and RB GJE treatment (25 mg/ml, 24 h),
respectively (Figure 2(b), black columns). This inhibitory
effect is significant (p < 0.001) in all treatments when
compared to controls for both SW-480 and HT-29 cells.

3.1.3. Inhibition of Colon Cancer Cell Invasion by GJE. Addi-
tionally, the effect of GJE on invasion was determined using
a Transwell chamber coated with Matrigel. As is shown in
Figure 3, AR and RB GJE significantly reduced invasion of
SW-480 and HT-29 cells. In the case of HT-29 cells, AR
and RB GJE significantly reduced invasion by 64% and 52%,
respectively, when compared to control condition (p <
0.001). Similarly, treatment with AR and RB GJE significantly
decreased (p < 0.001) invasion of SW-480 by 63% and 51%,
respectively. In order to elucidate the underlying molecu-
lar mechanisms responsible for the observed anti-invasive
activity of GJE, changes at the level of MMP-2 and MMP-
9 mRNA levels were analyzed via qRT-PCR. As shown in
Table 2, AR and RB GJE treatments significantly decreased
MMP-2 and MMP-9 mRNA levels in both cell lines. Together,
these findings suggest that downregulation of MMP-2 and
MMP-9 might be responsible for reduced invasiveness of HT-
29 and SW-480 cells observed following GJE treatment.

3.2. Discussion. AR and RB GJE display chemoprotective
properties against colon cancer, one of the most commonly
diagnosed cancers in Western countries. A number of stud-
ies have suggested that regular consumption of grapes is
associated with the reduced risk of certain cancers, such as
breast and colon cancers [25]. The grape juices of Autumn
Royal and Ribier exhibited higher phenolics content and
health benefits than other species of grape [26]. These extracts
are particularly enriched in anthocyanins, with elevated
antioxidant capacity compared to other polyphenols present
in GJE. Here, we show for the first time that AR and RB GJE

TaBLE 2: Effects of GJE on MMP-2 and MMP-9 gene expression
in colon cancer cells. HT-29 and SW-480 colon cancer cells were
treated with GJE for 24 h; MMP-2 and MMP-9 mRNA levels were
analyzed by quantitative real-time PCR. Results are expressed as the
percentage of expression versus control condition. Data represent
means + SEM from three independent experiments. “p < 0.001
versus control.

HT-29 SW-480
AR RB AR RB
MMP-2  61.6 +1.1" 56.8+4.7° 90.4+39" 96.3+28"
MMP-9 949 +3.6" 973 +2.4" 953 +4.1" 91.3 +6.4"

reduce viability, migration, and invasive potential of colon
cancer cells. These observations are consistent with previous
studies where grape seed extracts reduced viability and cell
growth in colon cancer cell lines [27, 28]. Interestingly,
AR and RB GJE did not modulate HDF cell viability at
the same concentrations. Similar results were obtained in
studies performed by Zhao et al. [29], who determined that
anthocyanin-rich grape extracts were not cytotoxic to normal
colon cell line NCM460. Together, these results suggest that
this inhibitory effect is restricted to colon cancer cells.

Two important aspects of metastasis are the migratory
and invasive ability of tumor cells, which are key character-
istics of more aggressive cell phenotypes [30]. Acquisition of
these properties allows cancer cells to escape from tissues or
organs (affected by primary tumors) to distant sites (produc-
ing secondary tumors) [30]. In the present study, a Boyden
chamber assay was used to quantify the effect of GJE on
migration and invasion parameters of colon cancer cell lines.
As expected, GJE inhibited migration in HT-29 and SW-
480 colon cancer cell lines. Another study using grape seed
proanthocyanidin extracts obtained similar results against
lung cancer cell lines A549 and HI129. In those cells, effects
were attributed to guanylate cyclase and MAP kinase pathway
inhibition [30]. Furthermore, GJE also displayed potent
inhibitory effects on the invasive potential of colon cancer
cells in Matrigel assays. These results are consistent with other
studies that found grape seed extracts rich in polyphenols
reduced invasion via MMP-2 and MMP-9 expression reduc-
tion, for instance, in prostate cancer cell lines [31]. Indeed,
the observed effects on invasion and migration in colon
cancer cells were correlated here with significant changes in
metalloproteinase expression in response to GJE treatment.
Metastasis is accompanied by various molecular alterations,
including the ability to degrade ECM: this is associated with
the overexpression of enzymes displaying proteolytic activity,
such as MMPs [32]. Accordingly, augmented expression of
MMP-2 and MMP-9 had been shown to play a critical role
in degrading basement membranes during cell invasion and
migration. Moreover, Bajaj et al. [33] demonstrated that
overexpression of MMP-9 is related to tumor invasion and
metastasis in gastric carcinoma. Sun et al. [34] reported
that the expression of MMP-2 and MMP-9 has significant
prognostic value in node-negative patients for predicting
relapse-free survival, while Li et al. [35] determined that these
MMPs are markers for metastasis in colon cancer. Despite the



above observations, to date, the possibility that AR and RB
GJE could alter MMP expression in colon cancer cells had not
been explored. Indeed, reduced invasive capacity following
AR and RB GJE treatment correlated with decreased expres-
sion of MMP-2 and MMP-9 genes in both cell lines; however,
these results do not exclude the possible participation of
other metalloproteinases involved in invasion. For instance,
MMP-1 and MMP-7 are also overexpressed in colon cancer
[36], and urokinase-PA (u-PA) is implicated in colon cancer
metastasis [37]. That said, similar studies on anthocyanins
support our results, finding MMP-2 and MMP-9 activity in
colon cancer cell line HT-29 [38]. Moreover, a reduction
in MMP-2 expression was also observed in prostate cancer
cell line DU-145 [30]. Other purified polyphenols present in
either grapes or turmeric, that is, myricetin or curcumin, also
reduce MMP-2 expression in colon cancer cell lines COLO
205 and HT-29 [39], as well as MMP-9 expression in rat colon
cell models [40].

4. Conclusions

In summary, we have shown that it is possible to reduce
motility-associated processes by exposing colon cancer cells
to GJE. These results suggest that the anti-invasive effects of
GJE are linked to the inhibition of MMP-mediated degra-
dation processes that favor tumor metastasis. Nevertheless,
the underlying molecular mechanisms leading to MMP-2 and
MMP-9 inhibition remain to be determined.
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