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Brazilian Berry Extract Differentially Induces Inflammatory
and Immune Responses in Androgen Dependent and
Independent Prostate Cancer Cells

Larissa Akemi Kido"?, Isabela Maria Urra Rossetto', Andressa Mara Baseggio®, Gabriela Bortolanza Chiarotto',
Leticia Ferreira Alves', Felipe Rabelo Santos', Celina de Almeida Lamas', Mario Roberto Maréstica Jr?,
Valéria Helena Alves Cagnon'

'Department of Structural and Functional Biology, Institute of Biology, “Department of Food and Nutrition, Faculty of Food
Engineering, University of Campinas, Sdo Paulo, Brazil

Jaboticaba is a Brazilian berry, which is rich in fibers and bioactive compounds and shows high antioxidant and antiproliferative ac-
tivities. Prostate cancer (PCa) is the second most common type of cancer among men and its progression is influenced by andro-
gens and inflammation. Previous studies reported the ability of the jaboticaba to modulate pathways involved in prostate diseases.
The main objective of this study was to provide significant data about molecular targets of the jaboticaba peel extract (JPE) and its
mechanisms of action in PCa cell lines with different androgenic status (LNCaP and PC-3). The results showed that JPE was able
to decrease cell viability in both cell lines. LNCaP showed more sensitivity to JPE exposure, indicating the efficacy of the JPE treat-
ment in terms of androgen responsiveness. JPE showed a distinct hormone dependent effect on the NF-kB signaling, with reduced
NF-«B levels for LNCaP and increased NF-«B levels in PC-3 cells. Mechanisms related to cell death by apoptosis were stimulated
after the JPE treatment, modulating B-cell lymphoma 2 and BAX for LNCaP and PC-3. Particularly for PC-3, the JPE treatment re-
sulted in cytokine-cytokine receptor interaction activation mostly by up regulating pro-inflammatory, pro-angiogenic, immunostimu-
latory and immunosuppressive genes. Also, a set of genes related to angiogenesis and metastasis were down-regulated by JPE. In
conclusion, JPE exerted an antitumor effect on PCa for both cell lines which can be enhanced if androgenic reliance is considered.
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INTRODUCTION

Jaboticaba (Myrciaria cauliflora) is a Brazilian berry present-
ing a purple peel, and can be found in different parts of Brazil
[1]. According to Leite-Legatti et al. [2], the jaboticaba peel
is rich in fibers and bioactive compounds, such as antho-
cyanins, delphinidin and cyanidin 3-glucoside, which show
high antioxidant capacity and antiproliferative action against
leukemia and prostate cancer cells. Our group demonstrated
that jaboticaba peel extract (JPE) was able to prevent hepatic
damages and metabolic disorders, particularly, associated
with overweight and aging [3]. In addition to these findings,
for the first time, we identified that JPE administration in se-
nile mice also prevented prostate damages caused by aging
and high-fat diet consumption, mostly by anti-inflammatory,
antioxidant and anti-angiogenic mechanisms and recovery of

hormonal balance [4,5]. However, the action mechanisms re-
lated to JPE in the prostatic microenvironment and its targets
in the cell are still unclear.

Prostate cancer (PCa) is the second most common type of
malignancy between men, and 65,840 new cases were esti-
mated in Brazil in 2020 [6], representing 29.2% of all male tu-
mor incidences. According to Global Cancer Statistics 2020,
almost 1.4 million new cases of PCa were estimated around
the world, making it the fifth cause of death due to cancer
among men in 2020 [7]. Different studies, using bioactive
compounds from food, have shown positive effects against
PCa, in both in vitro and in vivo [8-11]. It is well known that
both the prostatic morphology and physiology are regulated
by androgen recepter (AR) and have an important role in
prostatic pathogenesis [12]. AR signaling is fundamental to
PCa development, as can be seen from the fact that andro-
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gen deprivation, by either or surgical castration, is the first-
line treatment for PCa [13]. De Amacis et al. [14] identified
resveratrol effects on steroid receptor signaling, showing the
potential of this type of compound in the treatment of hor-
mone-dependent cancers. This study also indicated that bio-
active compounds interfere in steroid receptors and therefore
they are useful in combined therapies in the hormone-depen-
dent cancer patients.

Another important point for prostatic disease is inflamma-
tion. The association between inflammation, innate immunity
and cancer is widely studied, but molecular and cellular
mechanisms underlying theirs association, are still unclear
[15]. Among the most commonly reported features in the liter-
ature about polyphenol effects include the antioxidant action;
the modulating effects on NF-kB pathway, chromatin struc-
ture, antioxidant system and, consequently on the regulation
of inflammatory genes in immune cells and in different tissues
[16,17].

The jaboticaba has shown great biological potential and the
use of its by-products, such as the extract used in the present
study, can be an opportunity to improve circular economy
not only by the application of sustainable technologies but
also by giving support to the efficient employment of natural
resources [18]. Over the last few years, our research group
has been committed to understanding the different roles of
the jaboticaba by-products especially in prostate diseases.
Giving continuity to these studies, the main objective herein
was to provide significant data about the effects of JPE on
the inflammatory and immune responses and potential gene
targets in PCa.

MATERIALS AND METHODS

JPE

JPE is a patented formulation made from freeze-dried jaboti-
caba peel, which was solubilized in ethanol and then submit-
ted to solvent removal [3]. Lamas et al. [3] identified 121 mg
GAE/qg total phenolic, 1,381 mg cyd 3-glu 100 g~' monomeric
anthocyanins, 24.5 mg CAT g flavonoids and specific bio-
active compounds such as ellagic acid, rutin, gallic acid and
ascorbic acid. In the present study, prostate cancer cells were
exposed to different JPE doses (125, 250 and 500 ug/mL) ac-
cording to studies that used rich-polyphenols extracts [2,19].
JPE was diluted in RPMI-1640 medium (Vitrocell Embriolife,
Campinas, Brazil).

Cell lines

The PC-3 (androgen-independent human prostate cancer
cell) line was purchased from the American Type Culture Col-
lection (Manassas, VA, USA), and LNCaP (androgen-depen-
dent human prostate cancer cell) from Rio de Janeiro Cell
Bank (Rio de Janeiro, Brazil). Both cell lines were maintained
in RPMI-1640 medium supplemented with 10% of FBS and
1% of penicillin-streptomycin antibiotic solution. The cells
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were maintained in 25cm? or 75 cm? culture flasks at 37°C in
a 90% humidified atmosphere of 5% CO,.

Reagents

RPMI-1640 medium, PBS, penicillin-streptomycin antibiotic
solution, and trypsin were purchased from Vitrocell Embrio-
life (Campinas, Brazil). Anti-B-actin (sc-47778), anti-COX-2
(sc376861), and anti-Toll-like receptor 4 (TLR-4) (sc16240)
were purchased from Santa Cruz Biotechnology (Irvine, CA,
USA); anti-NF-kB (ab13594), anti-lkBa (ab32518), anti-lxBp
(ab7547), anti-TNF-a (ab8348), and anti-BAX (ab32503)
were acquired from Abcam (Cambridge, UK) and anti-B-
cell lymphoma 2 (BCL-2) was purchased from Cell Signaling
(Danvers, MA, US). RNeasy® Micro kit (74004), RT? First
Strand kit (330401) and RT? Profiler PCR array (PAHS
181ZA-Human Cancer Inflammation and Immunity Crosstalk)
were obtained from Qiagen (Hilden, Germany).

Cell viability

The cells (LNCaP, 3.5 x 10*; PC-3, 3 x 10") were plated in
12-well plates in triplicate and allowed to attach by overnight
incubation. In brief, the cells were with or without JPE (125,
250 and 500 ug/mL). The plates were incubated for 24, 48
or 72 hours at 37°C. Then, the cells were collected by tryp-
sinization and suspended in 0.1% trypan blue solution, and
live cells were counted using a hemocytometer.

Western blotting

The cells (LNCaP, 4.5 x 10°% PC-3, 4 x 10°) were seeded in
60-mm dishes, allowed to attach overnight, and then treated
with JPE. Based on cell viability results, LNCaP cells were
exposed to 125 and 250 ug/mL and PC-3 cells to 250 and
500 pg/mL during 24 hours. The cell lysis, protein quantifi-
cation and electrophoresis were performed as described in
our previous study [10]. The following antibodies were used
in immunoblotting: anti-TLR-4 (1:250), anti-NF-xB (1:500),
anti-lkBa (1:500), anti-IkBp (1:500), anti-BAX (1:250), an-
ti-BCL-2 (1:250), anti-COX-2 (1:500), and anti-TNF-a. (1:500).
The bands were visualized by enhanced SuperSignal West
Pico Chemiluminescent Substrate (Thermo Fisher Scientif-
ic, Rockford, IL, USA) followed by image acquisition (Syn-
gene GeneGnome XRQ, Cambridge, UK). The software
UN-SCAN-IT5.1 (Silk Scientific Orem, UT, USA) was used
to quantify the total pixel from bands and the protein level
changes relative to endogen control.

RT? Profiler PCR array

PC-3 cells were seeded at 6 x 10° cells in 100 mm dishes
and allowed to attach overnight. The cells were treated with
the highest dose of JPE (500 ug/mL). Following 24-hour
treatment, cells were released by trypsinization and 5 x 10°
viable cell were collected into denaturing lysis buffer and the
RNA isolated with RNeasy® Micro kit (Qiagen) following the
manufacturer’s instructions. The concentration of RNA and
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quality of the samples were measured in a nanophotometer and visualize interactions among proteins of a given dataset.
considering the ratios A260/280 and A260/230. cDNA synthe- Here we used PC-3 cells from RT-PCR array data, to create
sis was achieved using RT? First Strand kit (Qiagen) and 0.5 a PPI network. To do so, we used the STRING protein query
ug of total RNA were used from each sample. Then, diluted on the Cytoscape software platform (ver. 3.8.2; https://cyto-
cDNA samples were added to RT> SYBR® green master mix scape.org/). We used log2FCs from all plate genes, except
(Qiagen) and aliquoted into RT? Profiler PCR Arrays (Qia- for the housekeeping genes (actin beta [ACTB], beta-2-mi-

gen). The samples were analyzed with the Human Cancer croglobulin [B2M], glyceraldehyde-3-phosphate dehydroge-
Inflammation and Immunity Crosstalk array (#PAHS-181ZA; nase [GAPDH], hypoxanthine phosphoribosyltransferase 1
Qiagen). RNA quality control analysis was performed using [HPRT1], ribosomal protein lateral stalk subunit PO [RPLPO])

a control plate RT> RNA QC PCR Array (Qiagen) to assure and the ones whose analysis met suggested exclusion cri-
that all samples used in the experiment were free of genomic teria (activation induced cytidine deaminase, CC chemokine
contamination and to guarantee reverse transcription and ligand [CCL] 18, interleukin 2) as input. The confidence score
polymerase chain reaction efficiency. RT-PCR was performed was set at 0.8 and 10 additional interactions were allowed
on Stratagene® model Mx3005P® (Agilent, Santa Clara, CA, and singletons proteins with no interactions within the data-
USA), and the results were obtained with MxPro software set) were not shown.

ver 4.10 (Agilent, Santa Clara, CA, USA). The experiment
conditions followed manufacturer’s instructions: 95°C for Statistical analysis

10 minutes followed by 40 cycles of 95°C for 15 seconds, Statistical analysis was performed using GraphPad Prism
60°C for 1 minute, followed by a melt curve. The PCR array (ver. 7.02; GraphPad, San Diego, CA, USA). ANOVA followed
data analysis was performed through Qiagen online platform by Dunnet’'s or Bonferroni test was carried out for statistical
GeneGlobe (https://geneglobe.giagen.com) and the results comparisons with the level of significance set at 5%. The re-

were confirmed manually using 274"

sented as biologic triplicate.

method. Data are pre- sults were expressed as the mean + standard deviation.

Protein-protein interaction network (PPI)
Protein-protein interaction networks are often used to identify
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Figure 1. Effect of JPE on cell viability of LNCaP and PC-3 cells. (A) LNCaP and (B) PC-3 cells were exposed to different doses of JPE during 24,
48, and 72 hours. The results were expressed as mean + SD (n = 3). Statistical significance indicated as *P < 0.05, **P < 0.01, ***P < 0.001, ***P <
0.0001, when compared with control group. JPE, jaboticaba peel extract; SD, standard deviation.
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RESULTS

JPE treatment decreased the cell viability of
human PCa cell lines

LNCaP and PC-3 cells were exposed to various concentra-
tions of JPE for different time periods, in order to determine
the most optimal experimental conditions, which are able to
decrease the viability of both lines in dose- and time-depen-
dent manners. LNCaP cells were more sensitive to JPE ex-
posure, showing a significant reduction in their viability even
at the lowest dose after 24 hour of treatment (ICy, = 118.3 ug/
mL) (Fig. 1A). The maximum effect of JPE on LNCaP viabil-
ity was verified after 48 hours, (ICs, = 70.0 ng/mL), whereas
after 72 hours, only the highest dose was able to reduce cell
viability (ICy, = 203.5 ug/ mL) (Fig. 1A). The PC-3 viability was
significantly inhibited by JPE after 24 hours and 48 hours at
the 500 ug/mL concentration (ICs, = 219.9 and 154.6 ug/mL,
respectively) (Fig. 1B). After 72-hour exposure, all doses
were able to significantly reduce the PC-3 cell viability (IC5, =
144.3 ug/mL) (Fig. 1B). These results suggest that the effica-
cy of JPE treatment could be related to the androgen respon-
sive status of human prostate cancer cells, as shown by the
early response of LNCaP at lower doses of JPE, and the less
sensitive late response of PC-3 cells.

JPE shows a distinct hormone dependent effect
on the NF-<B signaling in human prostate
cancer cells

In order to determine the anti-inflammatory potential of JPE
in human prostate cancer cells, the protein levels of different
molecules related to the NF-«xB pathway were quantified (Fig.
2 and 3). NF-xB and TLR-4 were markedly reduced after 24
hour of exposure to JPE in LNCaP cells (Fig. 2). Increased
IkBa levels were observed after exposure to JPE (125 and
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250 ug/mL), as well as an increase in the B form (250 pg/mL),
demonstrating the ability of JPE to modulate NF-kB inhibitors
(Fig. 2). TNF-a levels decreased only after exposure to the
JPE highest dose (250 ug/mL) (Fig. 2). Contrary to what was
expected, COX-2 levels were similar to the control levels or
were increased in LNCaP cells after exposure to different
JPE doses (125 and 250 pg/mL) (Fig. 2).

The PC-3 cell exposure to JPE induced an increase in NF-
kB levels at both doses tested (250 ug/mL and 500 pg/mL).
Furthermore, both NF-xB inhibitors (IxBa and IxBp) de-
creased, when exposed to the highest JPE dose (500 pg/mL);
the same occurred with TNF-o.. Similar to what was seen in
LNCaP cells, JPE induced an increase in COX-2 levels (Fig.
2). Regarding TLR-4, only the 250 ug/mL dose reduced the
levels of this receptor.

The present results indicate that the JPE effects on the
NF-xB pathway were different in the PC-3 cell line, when
compared to the effects seen in the LNCaP cells, pointing to
a greater resistance of the androgen-independent cell pheno-

type.

JPE treatment can stimulate mechanisms
related to cell death by apoptosis

Western blotting results demonstrated that JPE treatment
may stimulate cell death via apoptosis. In both cell lines, the
presence of JPE reduced the BCL-2 anti-apoptotic protein
levels (Fig. 2 and 3). Furthermore, the 250 pug/mL dose stim-
ulated the increase of the BAX pro-apoptotic protein in both
LNCaP and PC-3 cells. Taken together, these results suggest
that JPE can act as a pro-apoptotic agent in human prostate
cancer cells, but more data are needed to confirm this possi-
ble action mechanism.
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15 0.8 Figure 2. JPE effect on the proteins
expression related to the inflamma-
tory process and cell death. Repre-
sentative membranes demonstrating
the effect of different JPE doses (125
and 250 pg/mL) on LNCaP cells. The
numbers on the bands indicate a fold-
change of the protein level when com-
pared to the control group. p-actin was
used as endogenous control. The ex-
periments were repeated at least three
times with consistent results. JPE,
jaboticaba peel extract; TLR-4, Toll-like
receptor 4; BCL-2, B-cell lymphoma 2.
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Figure 3. JPE effect on the proteins
expression related to the inflamma-
tory process and cell death. Repre-
sentative membranes demonstrating
the effect of different JPE doses (250
and 500 pg/mL) on PC-3 cells. The
numbers on the bands indicate a fold-
change of the protein level when com-
pared to the control group. p-actin was
used as endogenous control. The ex-
periments were repeated at least three
times with consistent results. JPE,
jaboticaba peel extract; TLR-4, Toll-like
receptor 4; BCL-2, B-cell lymphoma 2.

Table 1. Gene panel-based on human cancer inflammation and immunity from PCR-array data

Gene Fold change log2FC Gene Fold change log2FC Gene Fold change log2FC
ACKR3 5.76 2.53 CXCL9 0.24 —2.06 IL6 1.83 0.87
BCL2 0.65 -0.62 CXCR1 2.76 1.46 CXCL8 0.97 -0.04
BCL2L1 0.73 —0.45 CXCR2 257 1.36 IRF1 1.02 0.03
CcXcL11 0.73 —0.45 CXCR3 2.05 1.04 KITLG 0.80 -0.32
ccL2 0.95 -0.07 CXCR4 3.21 1.68 MICA 2.10 1.07
CcCL20 1.53 0.61 CXCR5 1.08 0.1 MIiCB 1.36 0.44
ccLz1 1.84 0.88 EGF 1.18 0.24 MIF 1.69 0.76
cCL22 0.38 -1.40 EGFR 1.03 0.04 MYD88 1.05 0.07
CcCL28 1.06 0.08 FASLG 1.40 0.49 NFkB1 0.79 -0.34
cCL4 1.13 0.18 FOXP3 1.62 0.70 NOS2 2.32 1.21
CSF2 1.13 0.18 GBP1 0.81 -0.30 PDCD1 4.87 2.28
CcCL5 3.27 1.71 GZMA 7.21 2.85 SPP1 2.78 1.48
CCR1 9.21 3.20 GZMB 4.32 2.1 STAT1 0.72 -0.47
CCR10 0.88 -0.18 HIF1A 0.96 -0.06 STAT3 0.76 —-0.40
TLR2 0.88 -0.18 HLA-A 1.46 0.55 TGFB1 0.86 -0.22
CCR2 1.52 0.60 HLA-B 2.55 1.35 TLR3 1.26 0.33
CCR4 5.78 2.53 HLA-C 1.15 0.20 TLR4 1.26 0.33
CCR7 3.49 1.80 IDO1 0.53 -0.92 TNF 1.38 0.46
CCR9 0.94 -0.09 IFNG 3.23 1.69 TNFSF10 0.67 -0.58
CD274 0.74 -0.43 IGF1 3.50 1.81 TP53 1.74 0.80
CSF1 1.22 0.29 IL10 2.95 1.56 VEGFA 3.26 1.70
CSF3 0.50 -1.00 IL12A 0.54 -0.89
CTLA4 1.25 0.32 IL12B 12.98 3.70
cxcLt 0.21 -2.25 IL13 4.54 2.18
CXcL10 0.59 -0.76 IL15 1.77 0.82
CXcL12 1.59 0.67 IL17A 4.67 222
mMyc 1.59 0.67 IL1A 242 1.28
CXcL2 0.31 -1.69 IL1B 0.57 -0.81
CXCL5 0.56 -0.84 IL23A 1.73 0.79
PTGS2 0.56 -0.84 IL4 11.30 3.50
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JPE treatment modulates the expression of
cancer immunology-related genes

PCR array of PC-3 cells revealed the effect of JPE treatment
on the expression of genes related to cancer immunology.
Out of the 84 analyzed genes (Table 1), 25 showed increased
expression (fold change [FC] > 2) after JPE treatment, while
only 4 showed decreased expression (FC < 0.5) following
JPE treatment. Such results indicate that JPE treatment af-
fected the expression of ~35% of the plate’s selected genes,
revealing its potential to affect the referred processes. From
PCR array data we created a PPI network, which allowed us
to visualize links between the analyzed genes and possible
additional interactions (Fig. 4). The annotated network re-
veals a strong clustering of genes related to cytokine-cytokine
receptor interaction, which is the most enriched KEGG path-
way among our differentially expressed genes (Supplemen-
tary Table 1).
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DISCUSSION

The results presented herein revealed that JPE inhibited the
growth of androgen dependent and independent prostate
cancer cells, being the androgen-dependent cell line more
sensitive to the jaboticaba extract effects. It is noteworthy that
JPE exposure induced a pro-apoptotic response in prostate
cancer cells. The gene expression data from PCR-array
showed that the androgen independent phenotype can be an
obstacle to JPE action, since different gene sets, involving
pro-inflammatory response and angiogenesis were upregu-
lated. However, another subgroup of genes, involved in me-
tastasis inhibition mechanisms, was also regulated by JPE,
suggesting specific chemokine-related targets to be investi-
gated.

Bioactive compounds act on the carcinogenesis process
mainly through the induction of cellular defense systems,
which include detoxifying and antioxidant enzymatic systems,

HLA-C

HLA-A

GBP1

cCL21

Figure 4. Jaboticaba peel extract
treatment effects on the expres-
sion of cancer immunology related
genes. Network annotates protein-pro-
tein interactions predicted on STRING
database for the PCR array analyzed
genes. Nodes represent proteins and
edges the predicted interactions. Color
of nodes represent gene’s log2FCs
and gray nodes represent additional
interactions. Confidence score = 0.8,
additional interactions = 10.
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as well as the inhibition of inflammatory and proliferative
signaling pathways, which leads to cell cycle delay or pro-
grammed cell death [20]. Hence, the natural phytochemicals
present in the diet can exert their antitumor effects through
mechanisms at different cellular levels that vary from direct
modulation of gene expression to epigenetic and post-tran-
scriptional alterations [21].

In the present study, we evaluated two different cell lines,
showing distinct growth rates and molecular characteristics,
specially related to AR reliance. Whereas LNCaP has a mu-
tation for AR (T877A), PC-3 cells are AR null and exhibit an
aggressive phenotype when compared to LNCaP. Our results
showed that JPE exerted an early and sustained anti-prolif-
erative effect on LNCaP cell growth associated with a potent
anti-inflammatory action. On the other hand, an opposite
trend was observed in PC-3 cells, which showed a late JPE
response in cell growth, probably due to the metabolizing
process of bioactive compounds, as well as an upregulation
of pro-inflammatory markers after 24 hours. A previous study
from our group also verified an opposite response in LNCaP
cells exposed to piceatannol, a bioactive compound in pas-
sion-fruit, when compared to androgen-independent ones
[10]. Piceatannol inhibited LNCaP growth at 24 hours of ex-
posure even with the lowest dose, whereas PC-3 and 22Rv1
cells needed to be exposed for 72 hours to achieve the same
response of LNCaP [10]. The same authors reported that
cell cycle arrest induced by piceatannol extract was probably
due to direct interaction with p53 in LNCaP cells, but not in
22Rv1 [10]. Similarly, an anthocyanins-rich extract from po-
tato inhibited LNCaP and PC-3 proliferation and differentially
induced cell death in both cell lines, showing that bioactive
compounds can achieve similar results by different pathways
[22]. Accordingly, combined phytochemicals can show dif-
ferent effects when compared to purified ones. Eskra et al.
[23] showed that black raspberry extract itself and its isolated
phytochemicals (anthocyanin cyanidin-3-rutinoside and pro-
tocatechuic acid) did not affect prostate cancer cell growth
(LAPC-4, LNCaP, C4-2, 22Rv1, VCaP, and PC-3). However
their metabolites (ellagic acid and urolithin A) did so at high
concentrations. The same authors emphasized that instability
and low access of bioactive compounds and metabolites hin-
der tissue exposure and may not be enough to prevent can-
cer [23]. The results herein confirmed anti-proliferative JPE
effect in PCa, but this is probably cell-context dependent.

The interaction between the bioactive compounds and
the prostate could be due to the fact that its responsiveness
might be dependent on the AR status [24]. Polyphenols are
commonly reported as anti-androgenic due to their ability to
interact with AR and its transactivators [24]. Therefore, finding
an anti-cancer compound able to modulate the cell response
in an androgen-dependent condition is a fundamental aspect
to the development of new chemopreventive drugs. The
strong anti-inflammatory response observed in LNCaP cells,
after JPE exposure, lead us to suggest that androgen reli-
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ance could be a key factor that makes this cell line more sus-
ceptible to bioactive compound action. The literature already
reported that NF-«B is a target of jaboticaba compounds,
both those found in the whole fruit extracts or in its by-prod-
ucts [25]. Here, we identified that JPE decreased the protein
levels of TLR4, NF-kB, NF-kB inhibitors and TNF-o. in LNCaP
cells. It is known that the stimulation of TLR4 in the prostate
epithelial cells leads to upregulation of NF-xB, TGF-p1, and
VEGF, creating an inflammatory and pro-tumoral environment
[26,27]. The inihibition of TLR4 and NF-xB-mediated signal-
ing pathways by quercetin, one of the main JPE constituents,
inhibited invasiveness capacity of human colon cancer Caco-
2 cells through matrix metalloproteinase (MMP)-2 and MMP-
9 decrease [28]. Similar effects were also observed in human
lung cancer cells [29]. Interestingly, different authors have
pointed out that phenolic compounds such as anthocyanins
and flavonoids are also considered to be anti-androgenic due
to their ability to downregulate AR expression, by inhibiting
the receptor activity and decreasing the tumor biomarkers
linked to the androgenic disease status such as prostate-spe-
cific antigen and human kallikrein 2 [30,31]. Taken togeth-
er, our results suggest that the combined phytochemicals
present in JPE were able to affect or disrupt the signaling
between the NF-xB mediators in the LNCaP cells, indicat-
ing that the androgen dependent feature, in prostate cancer
models, is crucial for the anti-cancer role of the polyphenolic
compounds.

The beneficial effects of bioactive compounds on human
health have been largely attributed to their anti-oxidant and
anti-inflammatory role [32] and, contrary to what was expect-
ed, JPE intensified the PC-3 cell inflammatory response.
Considering these conflicting facts, we decided to analyze
the expression of a panel of genes related to cancer, inflam-
mation and immunity. To the best of our knowledge, this is a
pioneer study that uses real time PCR array to access possi-
ble jaboticaba targets in PCa. JPE treatment resulted in gene
modulation related to cytokine-cytokine receptor interaction,
together with the upregulation of pro-inflammatory, pro-angio-
genic, immunostimulatory and immunosuppressive genes in
PC-3 cells. Also, a set of genes related to angiogenesis and
metastasis (CCL22, C-X-C motif chemokine ligand [CXCL]1,
CXCL2 and CXCL9) were down-regulated by JPE. Although
the molecular mechanisms are unknown, these findings
suggest that JPE can induce a protumor immunity activity in
PC-3 cells, enhancing proinflammatory and proangiogenic
genes in PCa. One possible explanation for these results
could be associated with the estrogenic activity of polyphe-
nols via estrogen receptor alpha (ER-a) and beta already
reported in different studies [33-35]. The ER-a. expression is
upregulated in castration-resistant prostate cancer (CRPC)
and contributes to tumor progression by increasing inflamma-
tion and metastasis dissemination [36]. PC-3 is a CRPC cell
line and expresses ER-a in the membrane and the nucleus
[37], which could allow JPE constituents to interact with this



receptor and promote a pro-inflammatory reponse, however,
our findings are not focused on this specific aspect. The pres-
ent results suggest a potential adverse interaction between
JPE, thus more studies are necessary to identify possible
relationships between polyphenols and estrogen receptors in
advanced PCa.

Based on western blotting results, JPE interfered in the
protein balance related to cell death, especially in PC-3 cells,
probably by lowering apoptosis inhibition, as seen in the BCL-
2 decrease and BAX increase. Until the present moment,
only two studies have reported the pro-apoptotic role of the
jaboticaba extracts on cancer cell lines [19,38]. Wang et al.
[38] observed a decreased survivin expression, an anti-apop-
totic protein, associated with activating caspase 3-mediated
Bit cleavage in oral carcinoma cells (HSC-3) after exposure
to the jaboticaba seed extract. High doses (500 and 1,000
ug/mL) of jaboticaba peel extract also induced cell death by
apoptosis in colon cancer cells (HT-29), when compared to
other anthocyanin-rich extracts from the myrtaceae family
species [19]. Furthermore, early and late apoptotic cells sig-
nificantly increased after the treatment with jaboticaba peel
extract; however, this study did not investigate the mecha-
nisms and proteins involved in this process [19]. Taking into
consideration, purified bioactive compounds, such as antho-
cyanins, they can stimulate cell death by the regulation of
BCL-2, BAX and p53, as a consequence of AR inhibition in
prostate cancer cells [39]. Reddivari et al. [22] also demon-
strated that rich-anthocyanin potato extract induced caspase
3-dependent apoptosis in LNCaP cells by PARP cleavage
cells, whereas in PC-3 a caspase-independent pathway
seems to be activated. Apoptosis is a complex mechanism
that in PCa is intrinsically related to both hormone depen-
dence and many other factors such as NF-xB and TNF-a
modulation [40]. Our data showed pro-apoptotic potential of
JPE in PCa cells with a distinct genetic background. However
more studies are necessary to determine the specific path-
way that promoted cell death or if this action was a direct or
indirect consequence of the inflammatory regulation.

In conclusion, the results herein confirmed that JPE is a
NF-xB pathway inhibitor, especially in androgen-dependent
cells. Also, the JPE effects on PCa prevention seem involve
different action mechanisms that are still unclear, mostly if the
immune response and cell death are considered, which need
further validation. The present data certainly pave the way
for new studies involving jaboticaba by-products, but also
warn the indiscriminate use of natural products during cancer
progression, especially in CRPC. Finally, we also show that
the antitumor effect can be enhanced in an androgen-depen-
dent end of period. This was reflected, to a greater of lesser
extent, in both the suppression of cell viability and anti-inflam-
matory response.
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