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Abstract

NFkB is a key regulator of genes involved in cell activation and proliferation. Activation of NFkB has been
implicated in prostate and breast cancer development and growth. Quercetin, a flavonoid from onion, diallyl disulfide
(DADS) an organosulfur compound from garlic and nimbolide, a tetranortriterpenoid from neem leaf have been shown
to anticancer activities in various cancers. All the above compounds decreased the prostate and breast cancer cell
viability. The IC-50 value of PC-3 cells of Quercetin was 100 uM; DADS was 40 pM and IC-50 value of breast cancer
cells such as MCF-7, MDA-MB-231 cells were 4 uM and 6 pM, respectively. Therefore, for further studies 50 and
100 uM quercetin, 20 and 40 uM DADS, were selected for prostate cancer treatment. 2 and 4 uM/ml nimbolide
concentrations for MCF-7 cells and 4 and 6 uM/ml for MDA-MB-231 breast cancer cells were considered for further
study. PC-3 cells were treated with quercetin/DADS; MCF-7/MDA-MB-231 cells were treated with nimbolide. NFkB
protein expression was studied by western blot. Protein expressions of IKKa and IKKB were also studied on DADS
treated PC-3 cell line and nimbolide treated both breast cancer cell lines by western blot. Protein expression of IKKa
and IKKB were also studied on DADS treated PC-3 cell line and nimbolide treated both breast cancer cell lines by
western blot. Quercetin/DADS decreased the expression of NFKB on PC-3 cells. DADS significantly decreased IKKa,
IKKB and NFkB expressions on PC-3 cells. Nimbolide also significantly decreased the protein expressions of IKKa,
IKKB and NFkB in both breast cancer cell lines. Therefore, the present investigation showed down regulation of nuclear
factor kappa B factor expression in androgen independent prostate cancer cells by quercetin or DADS. Nimbolide also
did the same on estrogen positive and negative breast cancer cell lines. The data will be discussed with Akt and MAPK

signaling regulation on prostate and breast cancer cell lines.
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Introduction

Nuclear transcription factor kappa B (NFkB) is a ubiquitous and
evolutionarily conserved transcription factor that is activated in
response to a number of carcinogens and inflammatory stimuli including
cytokines, tumor promotors, and cigarette smoke, environmental
pollutants, ionizing radiation and stress. In resting cells, NF«B is kept
in an inactive state in the cytoplasm as a hetero trimer consisting of p50,
p65 and Ik proteins including IKKa, IKK( and IKBg [1]. In response
to activation signals, the IKBa subunit is phosphorylated at serine
residues 32 and 36 and ubiquitinated at lysine residues 21 and 22 which
target them for proteosome mediated degradation. The p65 subunit is
then phosphorylated and translocated to the nucleus where it binds to
a specific DNA sequence and activation the transcription of over 500
genes involved in immunoregulation, growth regulation, inflammation,
carcinogenesis and apoptosis. The phosphorylation of IkBa is catalyzed
by IxBa kinase (IKK) which consists of three subunits, IKKa, IKKp,
IKKe (also called NEMO). Some natural plant derivatives have been
reported to inhibit NFkB activation through modification of a specific
cysteine residue (Cys'”) in the activation loop of IKKp [2-4].

PI3K is involved in a variety of cellular functions, including cell
growth, proliferation, differentiation, motility, survival, intracellular
trafficking and in prevention of cell death [5,6]. PI3Ks constitute a
lipid kinase family characterized by their ability to phosphorylate
inositol ring 3’-OH group in inositol phospholipids. Class-I PI3Ks are
heterodimers composed of a catalytic subunit (p110) and an adaptor/
regulatory subunit (p85). PI3K is activated by growth factors, which
in turn phosphorylates phosphatidyl inositol (3,4)-bisphosphate (P2)
to form phosphatidyl inositol (3,4,5)-trisphosphate (P3), the latter
anchors Akt/Protein Kinase B (PKB) to the plasma membrane by
binding to its Plecstrin Homology (PH) domain [7]. Activated Akt
dissociates from membrane and phosphorylates a number of proteins
leading to regulation of metabolism (via glycogen synthase kinase-3

(GSK-3), GLUT4), translational control (via p70 S6 kinase and PHAS-
1), and cell survival (via NFxB, fork head family transcription factors,
BAD and caspase 9) [8].

Quercetin (3,3'4'5-7 penta hydroxyl flavanone) is a principle
flavonoid compound of onions, apple, etc and it possesses a wide
spectrum of pharmacological properties. Quercetin inhibits cell growth
and induces apoptosis in various cancer cells [9-16]. Quercetin enhances
TRAIL induced apoptosis in prostate cancer cells via increased protein
stability of death receptor [14].

Diallyl disulfide (DADS) a major organosulfur compound derived
from garlic has been shown to decrease the formation of carcinogen
induced cancers and to inhibit the proliferation of various cancer cells
[17]. The mechanism of action of DADS is associated with activation of
metabolizing enzymes, suppression of the formation of DNA adducts,
antioxidants, regulation of cell cycle arrest, induction of apoptosis and
differentiation, histone modification and inhibition of angiogenesis and
invasion.

Nimbolide, a tetranortriterpenoid isolated from the leaves and
flowers of neem tree has attracted recent research interest due to its
anti proliferative and apoptosis inducing effects on a panel of cancer
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cells [18,19]. Recent studies demonstrated that nimbolide exerts potent
anticancer effects in HepG2 cells by abrogating NF«B activation and its
downstream events such as activation of wnt/f-catenin pathway and
apoptosis evasion [20].

The present aim is to investigate the role of quercetin, DADS and
nimbolide on the regulation of NF«kB expression which is a key regulator
of gene involved in cell activation and proliferation. We studied on both
prostate and breast cancer cell lines, separately.

Materials and Methods

Dulbecco’s modified Eagle’s medium (DMEM), DADS, Quercetin
and the monoclonal P-actin antibody were purchased from Sigma
Chemical Pvt Ltd, USA. Polyclonal antibodies against NFkB were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Nimbolide (Purity 98%) was purchased from Asthagiri Research
Foundation, India. Polyvinylidinedifluoride (PVDF) membrane was
purchased from Millipore, USA. Trypsin-EDTA, Fetal Bovine Serum
(FBS), antibiotics-antimycotics, and Phosphate Buffered Saline (PBS)
were purchased from Gibco, Canada. The secondary antibodies, Horse
Radish Peroxidase (HRP) conjugated rabbit-anti mouse IgG and goat-
anti rabbit IgG were obtained from Genei, Bangalore, India. Enhanced
Chemi Luminescence (ECL) kit was procured from Thermo scientific,
USA. All other chemicals were purchased from SRL chemicals, India.

Cell line and culture

PC-3 cell line, Estrogen dependent (MCF-7) and Estrogen
independent (MDA-MB-231) breast cancer cell lines were obtained
from the NCCS, Pune. The PC-3 cells were grown in RPMI-1640
medium supplemented with 10% Fetal Bovine Serum (FBS-Gibco,
Invitrogen) and maintained in humidified incubator at 37°C with 5%
CO,. Breast cancer cells were grown in T25 culture flasks containing
DMEM supplemented with 10% FBS and 1% antibiotics (100 pg/ml
penicillin and 100 pg/ml streptomycin) upon reaching confluency, the
cells were trypsinized and passaged.

Quercetin, DADS and Nimbolide preparation

They were prepared separately by dissolving the dimethyl sulfoxide
(DMSO) to prepare 1 mM stock solution. From the stock they were
prepared at different micro molar concentration with serum free
medium. In all the preparation the concentration of DMSO never
exceeded 0.01%.

Cell viability

Viable cell either PC-3/MCF/MDA MB 231 cells were measured by
a colorimetric assay composed by solution of a tetrazolium compound
MTT (dimethythiazolyltetrazolium bromide). MTT is bio reacted
by cell into a formazon product that is soluble and the absorbance of
the formazan at 570 nm is measured directly. Cells were seeded at a
density of 5x10° cells/well in a 96 well plate and incubated at 24 h at
37°C in 5% CO,. After attachment the cells were washed with PBS
and then Serum Free Medium (SFM) was added for 6-12 h. The cells
were added into fresh medium containing different concentrations of
quercetin/DADS/Nimbolide in the respective experiments and allowed
to grow for an additional 24 and 48 h after respective treatment. The
medium was removed and washed twice with PBS and 100 pl of 0.5
mg/ml MTT solution was added to each well and incubated for 2-3 h.
After incubation 100 pl of DMSO was added for solubilization of cells
and then kept in dark for 1 h. The intensity of the color developed was
read at 570 nm in an ELISA reader. The cell viability was calculated as
follows.

Absorbance of treated cells

Absorbance of control cells

Triplicate measurements with different quercetin/DADS/nimbolide
concentrations were performed and the concentrations that gave a 50%
reduction in a number of living cells (IC_ ) were estimated.

Western blot analysis

After 24 h treatment period the cells were lysed in RIPA buffer
containing 1% protease inhibitor cocktail and protein concentrations
were determined by Lowry et al. [21]. Cell lysate (50 pg) were
electrophoresed in 12% SDS polyacrylamide gel and then transferred
into PVDF membranes. The membranes were incubated with primary
antibodies against PI3K, pAkt, Akt, IKKa, IKKp, NFkB (1:1000) in
tri buffered saline. After washing the membranes were incubated
with HRP conjuagated anti-mouse IgG (1:5000) or HRP conjugated
Goat-anti-rabbit IgG (1:5000). Protein bands were detected using
chemiluminensence system (ECL kit) and quantified in chemi-Doc
XRS Imaging system, Bio rad (USA).

Statistical anlaysis

The data were analyzed using the SPSS windows students’ version
software. For all the measurement, one way ANOVA followed by Student
Newman-Keuls’ test was used to assess the statistical significance of
difference between control and drugs treated. A statistically significant
difference was considered at the level of p<0.05.

Results
Effect of quercetin on cell viability of PC-3 cell line

To investigate the effect of quercetin induced viability, the human
prostate cancer PC3 cells were treated with various concentrations (25-
125 uM) of quercetin. Quercetin decreased the cell viability gradually
increased the cell viability gradually increased concentration of
quercetin. At48 h, 100 uM concentration of quercetin treatment showed
50% of viable cells. From these results the IC, value of quercetin was
calculated as 100 um concentration. 50 and 100 uM concentration of
quercetin doses were selected (Figure 1).

Effect of DADS on cell viability of PC-3 cell line

50% inhibition was found in 40 pm and hence for western blot
we selected 20 and 40 puM to identify the effect DADS in signaling
molecules (Figure 2).
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Each bar represents the mean + SEM of six independent observations.
“*’represents statistical significance between control Vs quercetin treatment
groups at p<0.05 level using Student’s-Newman-Keul’s test.

Figure 1: Effect of quercetin on PC-3 cell viability.
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Figure 2: Effects of DADS on PC-3 cell viability for 24 and 48 h.
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Figure 3: Effect of nimbolide on cell viability of MCF-7 and MDA-MB-231
cell lines.

Effect of nimbolide on cell viability of MCF 7 and MDA MB
231 cell line

Nimbolide significantly decreased the viability of both the cells
(MCEF 7) (Figure 3) and MDA-MB 231 cells (Figure 4) at 24 h with IC,|
values of 4 uM/ml and 4 uM/ml respectively. Hence, 2 and 4 pM/ml
concentrations for MCF7 cells and 4 and 6 uM/ml concentrations for
MDA-MB 231 cells were considered for western blot studies (Figure 3).

Effect of quercetin on protein levels of PI3K and p-Akt

Protein levels of PI3K and p-Akt were assessed by western blot

analysis. PI3K decreased after quercetin treatment in PC-3 cells (Figure
4). Akt is a cell survival protein. Phosphorylation of serine 473 of Akt
was decreased significantly but not totals Akt. So, p-Akt was normalized
with total Akt (Figure 4).

Effect of quercetin on protein levels of NFkB in PC3 cells

NFkB is involved in cell survival and proliferation of prostate cancer
cells assessed by western blot analysis. In our present study, quercetin
decreases NF«B (Figure 5). Thereby quercetin inhibits cell survival and
proliferation of PC3 cells (Figure 5).

Effect of DADS on protein levels of PI3K and pAkt

Protein levels of PI3K and pAkt were assessed by western blot
analysis. PI3K decreased after DADS treatment in PC-3 cells (Figure
6). Akt is a cell survival protein. Phosphorylation of serine 473 of Akt
was decreased significantly but not totals Akt. So, pAkt was normalized
with total Akt (Figure 6).
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Each bar represents the mean + SEM of three independent observations.
" represents statistical significance between control Vs quercetin treatment
groups at p<0.05 level using Student’'s-Newman-Keul’s test.

Figure 4: Effects of quercetin on PI3K,p-Akt, Akt, Cyclin D1 protein expression
in PC-3 cells.

Quercetin

Control Sm

T e

'MKW -

| NFxB (65 kDa)

HIER F-actin

(Relative intersity)
O = R W E @M~ O

Carntral A0pkd
Cmercetin

100uM

Each bar represents the mean + SEM of three independent observations.
“*’represents statistical significance between control Vs quercetin treatment
groups at p<0.05 level using Student’'s-Newman-Keul’s test.

Figure 5: Effect of quercetin on NfkB and B-Catenin protein expression in PC-3
cells.
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Figure 6: Effect of DADS on PI3K, p-Akt and Total Akt protein expression in PC-3 cells.
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Figure 7: Effect of DADS on IKK, IKK, NFkB protein expression in PC-3 cells.

Effect of DADS on IKKa, IKKp and NFxB expression in PC3
cells

NF«B activation is regulated by AKT signaling pathway. DADS

significantly decreased IKKa, IKKP and NFxB expression thereby
inhibited the AKT and NFkB mediated cell survival (Figure 7).

Effect of nimbolide on protein levels of PI3K and pAkt

Protein levels of PI3K and pAkt were assessed by western blot
analysis. PI3K are intracellular signaling molecules of IGF pathways.
PI3K are central regulator of Akt phosphorylation. The present study
showed that PI3K protein expression decreased after nimbolide
treatment in both the breast cancer cells (Figure 8). Akt is a cell survival
protein. PAkt is constitutively expressed in breast cancer cells. This
combined treatment also inhibits the phosphorylation of Akt. But, the
total Akt level remains unchanged. So, the pAkt was normalized with
total Akt (Figure 9). Nimbolide inhibits the Akt phosphorylation in
MCF-7 and MDA-MB-231 cells. From the above results, it is proved
that nimbolide potentially decreased the pAkt expression and leads to
inhibition of cell proliferation and survival (Figure 9).

Effect of nimbolide on IKKa, IKKp and NFxB expression in
breast cancer cell lines

The IKKa and IKKp enzyme complex is part of the upstream NFxB
signal transduction cascade. NFkB is an important transcription factor
involved in cell survival. Nimbolide (2,4 uM concentrations in MCF-
7 cells and 4,6 uM in MDA-MB-231 cells) significantly decreased the
protein expressions of IKKa, IKK(, and NFkB in both the cell lines
(Figure 10).

Discussion

Previous studies showed that quercetin/ DADS suppressed the
proliferation of prostate cancer cells [15,16,22-24] through cell cycle
arrest and apoptosis. Cancer cells escape normal biochemical systems
regulating the balance between apoptosis and survival. PC-3 cells were
treated with different concentrations of quercetin/DADS. The cell
viability was significantly decreased in 50% at 100 uM quercetin and 40
uM concentration of DADS. So we selected 50 and 100 uM concentration
of quercetin/20 and 40 uM of DADS for the present study.
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Figure 8: Effect of nimbolide on PI3K protein expressions in MCF-7 and MDA-
MB-231 cell lines.

MDA-MB-231
MCF-7
Nimbolide Nimbolide
Control 2uM 4M Control 4uM 6uM

pAKt(60 kDa) ‘-— —‘

Akt (60KDa) _—4
160 - B MCF-7
140 B MDA MB-231
z
e £
= o
<LE
iz
i
g

control 2 4 4 6

Nimbolide (uM)

Each bar represents mean + SEM of three independent observations.
“*’represents statistical significance between control versus nimbolide treatment
groups at p<0.05 level using Student’'s-Newman-Keul’s test

Figure 9: Effect of nimbolide on pAkt protein expression in MCF-7 and MDA-
MB-231 cell lines.

Sastry et al. [25] tested the in vitro cytotoxicity of nimbolide against
a panel of human cancer cell lines and reported IC50 values of that
ranged from 4.17 um to 15.56 pm with an average of 8.31 pm. Roy et
al. [26] investigated the inihibitory effect of nimbolide on the growth
of HL 60, U937 and THP 1-leukemic cells and melanoma B16 cell
lines. Harish kumar et al. [27] worked on BeWo cells. Kavitha et al.
[20] worked on HepG2 cells. However, so far no study has reported the
cytotoxicity effect of nimbolide on breast cancer cell lines. Therefore,
we investigated the cytotoxic effect of nimbolide on breast cancer cell
in a dose and time dependent manner. In the present study, nimbolide

exerted cytotoxic effects on MCF-7 cells with IC,; values of 4.0 uM
and 2.7 uM for 24 and 48 h, respectively. Nimbolide could induce
cytotoxicity not only in MCEF-7 cells but also in MDA-MB-231 cells
with IC_ values of 6.0 uM and 3.2 uM for 24 and 48 h, respectively.
However, MCF 7 cell were more sensitive than the MDA-MB-231
cells. The activation of NF«B typically occurs through site specific
phosphorylation and subsequent degradation of IkB.

PI3K/Akt survival pathway is constitutively up regulated either
due to the loss of function and/or mutations of the tumor suppressor
PTEN, which functions as a negative regulator of PI3K through its lipid
phosphatase activity [28]. In particular, PTEN dephosphorylates the
D3 position of the key lipid second messenger phosphotidyl inositol
3,4,5-triphosphate (PIP3) [28,29]. Our results showed that the protein
expression pAkt was significantly decreased in nimbolide treated cells.
The protein expression of PI3K, an up-stream regulator of Akt, was also
significantly decreased upon nimbolide treatment in both MCF-7 and
MDA-MB-231 cell lines.

Anti-proliferative effects of PI3K are due to its activation of serine/
threonine protein kinase Akt. Quercetin inhibits Akt phosphorylation.
Previous reports also support the present study that quercetin
decreased phosphorylation of Akt and expression of survive in prostate
cancer cells [30,31]. Decrease in PI3K levels is also one of the reasons
for decreased pAkt. In the present study PI3K expression significantly
decreased after quercetin treatment. This argument is supported by
previous studies showed that quercetin is an inhibitor of PI3K [32].
PI3K-Akt and its associated regulatory signaling pathways are potential
targets for therapeutic intervention and molecular based approaches
for management of prostate cancer in humans. By suppressing the
activation of Akt-1, quercetin can promote apoptosis via several
pathways. Thus, quercetin is a potent inhibitor of PI3K/Akt pathway.

Prostate cancer specifically shows biochemical abnormalities related
to Akt that may be important in sustaining tumor growth by preventing
apoptosis and promoting proliferation and angiogenesis [33]. Akt over
expression has been demonstrated in prostate cancer [34]. Complete
activation of the catalytic activity of Akt requires phosphorylation of a
threonine residue at 308 and a serine residue at 473. It is possible that
Akt shows par-tial activation with phosphorylation at the threonine
308 position [35]. Hence, phosphorylation at ser 473 is the key for the
complete activation of Akt. In the present study, DADS significantly
decreased the expression of pAkt in PC-3 cells at 40 M concentration
and also caused a significant decrease in the expression of ser 473
phosphorylated Akt. This is supported by the study conducted by Xiao
et al. [36], in which treatment with diallyl trisulfide, a constituent of
processed garlic mediated Akt inactivation and dephosphorylation
of Bad and its mitochondrial translocation resulting in apoptosis.
In the present study, since there is a decreased expression of AKT
phosphorylation due to DADS treatment, there is also activation of
pro-apoptotic proteins Bad and Bax which will finally lead to apoptosis
in prostate cancer cells. Thus apoptotic effects of DADS are mediated
through inhibition of Akt phosphorylation.

The activation of NFkB typically occurs through site specific
phosphorylation and subsequent degradation of IxB. This allows the
translocation of NFkB into the nucleus to bind the NF«xB -specific
DNA-binding sites and regulates gene transcription. NFkB activation is
regulated by Akt-signalling pathway [37]. NF«B plays an important role
in the apoptotic process [38]. Major target of Akt is the NFkB pathway.
Upon activation by an IkB kinase, NFkB translocates into the nucleus
where it regulates gene expression. Many of its target genes have anti-
apoptotic effects, such as Bcl-2, or regulate the cell cycle, such as c-Myc
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Figure 10: Effects of nimbolide on the protein expressions of IkKa, kKB and NFkB in breast cancer cell lines.
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and cyclin D1. Inhibition of NFkB by other anticancer drug has been
observed in prostate cancer, breast cancer and other cancers [39]. In the
present study DADS inhibits NFxB, IKKa and IKKp protein expression
in prostate cancer cells. Quercetin did the same. In breast cancer cells
also nimbolide inhibits NF«kB, IKKa and IKKp protein expression.

NFkB a major target of Akt, which regulates various cellular process
which leads to cancer cells progression. Thus, the present study proves
that treatment with quercetin/DADS/nimbolide inhibited the NFxB
mediated proliferation and survival of prostate and breast cancer cells.
Our results suggest that quercetin/DADS/nimbolide may be a potential
therapeutic agent for prostate and breast cancer in future. Further in
vitro and in vivo studies on the molecular mechanism are warranted.
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