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Original paper This study elucidated the molecular mechanism of the notch pathway in vascular health and the role of NjJRBO
as a nutraceutical for the modulation of notch-mediated CD4" Tcell activation in atherosclerotic rats. In this
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TCR-mediated activation and inflammatory milieu.
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cellular subtypes of both the innate and adaptive immune
system. Recent studies reveal that notch modulates various
aspects of atherosclerosis by controlling differentiation,
activation and functioning of different cell types, including
macrophage polarization (5,6) helper T cells and cytotoxic
T-cells, B cells (7). However, notch interactions seem to
regulate the functionality of immune cells in inflammatory
diseases. Numerous studies have revealed that notch
activation in CD4+ helper T cells is initiated by CD28-
mediated TCR signaling in the presumptive absence
of notch ligands (8,9,10,11,12,13). In-vitro and in-vivo

Introduction

Notch signaling is a fundamental cell-cell signal
transduction system that controls several mechanisms
essential for normal cellular development involving cell
differentiation, activation and proliferation. Unlike other
cell signaling pathways, its outcome remains complex
through interactions with other signaling pathways, in
conjunction with itself comprising several receptors
and ligands, which makes its out-turn difficult to predict

1). This 1 ly d d th 11 text 1 hich . ’ Lo
Ehg P atlllsw aéggg e}t]s ; CE;T\I; atse donN otechceint ;r(;lét?())(nsnixz;:h 1icts studies have confirmed the differentiation of Th1 cells that

ligands, Delta or Jagged, cause proteolytic cleavage of the ~©SCUIS independently from RBP-J and has demonstrated

Notch intracellular domain (NICD) by presenilin (2). The that Nptch triggers Th1 polarization through non-ganqmcal
intracellular fragment is then translocated to the nucleus signaling, which involves Notch1-dependent activation of
which interacts with the transcriptional repressor, RBP- the NF-«B pathway (.14)'. .

J , converting it to a transcriptional activator (3) Notch/ Mature T-cell activation requires the engagement of
RBP J_regulate the transcription of genes including basic- the T-cell receptor (TCR) by antigen presented through

MHCs present on the surface of APCs. Also, a second
helix- loop helix (b-HLH) transcription factors like hairy . . . ’ )
and enhancer of split 1 (Hes1) which in turn regulates cell co-stimulatory signaling through CD28-B7 mediated

differentiation (4). The contribution of Notch signaling to interaction 1s required for its susta}ned activation and
the molecular mechanism underlying atherosclerosis is functioning. Both TCR and CD28-mediatedsignalstogether

limited. The early cellular events related to atheromatous resplt in the yigorous proliferation of T 1ymphocy tes and
plaque formation triggers complex immune responses, ultm_lately drive them to produce effector cytokines that
which eventually results in the activation of several mediate immune responses (15). Usually IL-12 and IFN-y
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polarize CD4" T cells to the Th1 cell phenotype. Thl cells
express its lineage-specific transcription factor T-bet and
secrete the signature cytokine IFN-y, which provides
protection against intracellular pathogens (16). Th2 cells
involved in asthma and allergic reactions are induced by
IL-4 and require the transcription factor GATA3 to secrete
cytokines IL-4 and IL-13 (17).

TCR-mediated activation forms the fundamental
process of the adaptive immune system and has been
studied for decades. Engagement of the TCR complex is
a prerequisite factor for the initiation of several signaling
cascades, including the Inositol triphosphate (IP,)-Ca*'-
nuclear factor of activated T cells (NFAT) pathway, Ras
extracellular signal-related kinase (ERK)-AP-1 pathway,
protein kinase C (PKC) 6-IkB kinase (IKK)-nuclear factor
NF-«xB pathway (15). Following T-cell activation, PKC-9,
which is a serine/threonine protein kinase, gets recruited to
the immunological synapse (18). It plays a significant role
in activating a range of signaling cascades, leading to the
transcriptional regulation of T cells (19,20,21,15). Once
activated, PKC phosphorylates a serine residue located in
the membrane-associated guanylate kinase domain of the
CARMA1 protein(22). CARMAL is also called CARDI11,
which is a scaffold protein considered as a hallmark of IKK/
NF-xB activation. CARMAI1 constitutively associates
with the plasma membrane and is recruited into lipid rafts
following TCR stimulation (15). Subsequent recruitment
of BCL10 and MALT1 results in the formation of the
active CARMAI1-BCL10-MALT1 signaling complex
(23). This promotes NF-kB to translocate to the nucleus,
thereby initiating the transcription of genes required for
T-cell activation (24,25,26). Notch ligands regulate Thl
differentiation via signaling mediated through Notch
receptors. Furthermore, Thl cells produce its signature
cytokine, IFN-y, to promote the clearance of inflammatory
antigens (27,28,29). CD4"T-cell differentiation into Thl
and Th2 effector cells is driven by the master transcription
factors T-bet and GATA3, respectively.

The increased understanding regarding how diet affects
disease, along with higher healthcare costs, has evoked
interest in food as a tool for the prevention of disease and
health enhancement. Rice is the staple food variety of
south India and is well-known for its medicinal properties.
Among the studied ones, ‘Njavara’ (Oryza sativa L.,) is a
staple medicinal rice that is endemic to south India, forms
an essential part of the ‘Panchakarma’ (30) treatment
procedure called as Njavarakhizhi and serves as an immune
booster to relieve inflammatory ailments. Edible oil
extracted from the germ and inner husk of rice, known as
Rice bran oil (RBO), contains beneficial components like
gamma-oryzanol, tocotrienols, B-complex vitamins and
B-sitosterol (31). Several studies demonstrated that intake
of rice bran oil (RBO) resulted in a decrease in plasma
level of total cholesterol (TC) and low-density lipoprotein
(LDL) in hyperlipidemia subjects (32,33,34,35). In
addition, previous studies confirmed that consumption of
a diet with NJRBO resulted in a decrease in atherosclerotic
complications by regulating genes involved in metabolism
(36) and in the modulation of inflammatory responses
in hypercholesterolemic rats (37). Although evidence
demonstrates the involvement of T cells in atherosclerosis
and the significance of Notch signaling in its regulation,
targeting Notch using therapeutic strategy in the form of

dietary interventions like NjRBO in atherosclerosis has
not been directly investigated. Herein, the study highlights
the beneficial effects of NjJRBO in modulating notch in the
regulation of effector T-cell responses in experimentally
induced atherosclerosis.

Materials and Methods

Extraction of Njavara rice bran oil

100g of stabilized Njavara rice bran (purchased
from Njavara Eco farm, Palakkad, Kerala) was defatted
using 800 ml of the petroleum diethyl ether solvent (60-
80°C)(Merk Millipore) in a Soxhlet extractor for 16 hr.
The extract was later evaporated on a rotary evaporator
(Laborota 4000-Heidolph) at 70°C to remove the solvent
and the crude extract obtained was used as Njavara rice
bran oil (NjRBO) for the studies.

Animal experiments

Adult male Sprague—Dawley rats (150-200g) which
were bred in the Department animal house, were used for
the study. They were provided with controlled temperature
(24-26°C), humidity (55-60 %) and photoperiod (12 h
light—12 h dark cycle). Standard diet formula based on AIN-
93M maintenance diet (38), containing 590g cornstarch,
200g casein, 15% soyabean oil and 10g a-cellulose fiber/
kg diet, were fed to rats. Choline, cysteine, minerals
and vitamins were added and tap water was provided ad
libitum. All experiments were conducted as per the current
institutional guidelines of the animal ethics committee
(IAEC-KU-7/2015-"16-BC-AH (31)).

Experimental design

The animal grouping was as follows. Rats were divided
into 4 groups of 6 rats each.
Group I: Normal (Standard diet given)
Group II: High-fat diet (HFD comprising 1.5% cholesterol
and 0.5% choline)
Group III: HFD +NjRBO (100mg/kg body weight)
Group IV: HFD +Atorvastatin (10mg/kg body weight)
Njavara rice bran oil (NjJRBO) crude extract was mixed
along with AIN-93M standard diet formulations and given
along with diet at a concentration of 100mg per kg body
weight of animals.

Standard drug Atorvastatin at a dose of 10mg per Kg
body weight was administered along with the standard
diet. The duration of the study was 60 days.

Isolation of CD4"T cells

CD4'T lymphocytes were isolated from spleen single
cell suspensions by the FITC-conjugated CD4" T-cell
negative selection kit ( Cat no: Catalog #19642, Stem Cell
Technologies) by Easy-Sep purple magnet. Briefly, the
spleen or lymph node was disrupted in the recommended
medium consisting of PBS supplemented with 2 % Fetal
Bovine Serum (FBS, Cat no: F2442, Sigma Aldrich) and
ImM EDTA (Sigma Aldrich). Aggregates were removed
from the cell suspension by passing through 70 um mesh
nylon strainer and centrifuged at 120 x g for 10 minutes.
The supernatant was removed and re-suspended the cells
at 5x10"nucleated cells/ml in the recommended medium.
CD4'T cells were further purified by immunogenic
negative selection.
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Enzyme-Linked Immunosorbent assay

The presence of CD28, IFN-y, and IL-4 was determined
by Enzyme-Linked Immunosorbent Assay (ELISA) using
specific antibodies. Briefly, CD4T cells were added to
the microtiter plate cells. After incubation at 37°C for 2
h, the samples were washed to remove unbound particles.
Secondly, IL-4(Cat no: ab 11524, Abcam), IFN-y (Cat
no: sc-57208, Santa Cruz) and CD28 (Cat no: ab 243228,
Abcam) primary antibodies were added and incubated for
2hr. After 2hr, a secondary antibody IgG conjugated with
HRP(Cat no: ab 7097, Abcam) was added and incubated
for another lh at 37°C. Finally, the substrate solution and
stop solution were added and the reaction developed was
measured with an ELISA reader at 450 nm. Results were
expressed in OD units/mg protein.

Reverse transcription polymerase chain reaction (RT-
PCR analysis)

Total RNA was extracted from isolated CD4'T Cells
using Trizol reagent (Cat no: 93289, Sigma Aldrich)(39)
and its concentration was determined using nanodrop.
cDNA was synthesized from the corresponding RNA
using kits (Cat no: AB1453A, Thermo Scientific) as per
the manufacturer’s instructions. A volume of Sug of the
total RNA was used as a template in a reaction mixture
comprising dNTPs, RNase inhibitors, Oligo DT and
Reverse transcriptase. The reaction mixture was gently
centrifuged and incubated for 5 min at 25°C followed
by 60 min at 42°C for reverse transcription to take place.
The reaction was stopped the following heating at 70°C
for 5 min. cDNA synthesis was accomplished using PCR

Table 1. List of primers for RT-PCR.

Thermocycler (Eppendorf). Polymerase Chain Reaction
(PCR) was performed to determine the gene expression
of Notchl, PKC-6, CARMAI1, B- actin using a thermal
cycler. cDNA 50-100ng was amplified using primers
specific for Notchl, PKC-6, CARMAI1, GAPDH and
B-actin following manufacturer’s instructions. RT-PCR
products were electrophoresed on 1.5% agarose gel and
Ethidium bromide (EtBr) stained bands were visualized
and quantified using gel documentation system (Bio-
Rad) by the densitometric method. B-actin and GAPDH
was used as internal standard and signals were expressed
relative to their intensity in each sample.

Quantitative real time PCR (q-PCR)

RNA was extracted from CD4'T cells using TRIZOL
reagent (Cat no: 93289, Sigma Aldrich) following
(39). cDNA was synthesized and q-PCR reactions were
performed in a reaction volume of 20ul consisting of 4ul of
cDNA, 1ul of forward (F) and reverse primer (R) each and
10ul of 2x using SYBR green Real-time PCR 185 kit (Cat
no: A46112, Thermo Fisher Scientific) method following
manufacturer’s instructions. qPCR reaction was run in an
Eppendorf Mastercycler after a pre-incubation at 95°C for
10 min followed by 40 cycles of denaturing at 95°C for 20
sec and annealing at 59°C for 15 sec. Expression levels
were quantified using the comparative Ct (ACt) method
using the formulae:

ACT = CT (a target gene) — CT (a reference gene).

Where ACt is the difference between the mean Ct value of
triplicates of the sample and of the endogenous reference
control.

S. No Primer names Primer sequences (5’-3”)
1 Notchl FP 5'-CTGCAGTGACAACATTGATGACTGTGCC-3'
' Notchl RP 5'-ACACTGACACTCGAAAGAGCCCAGTGTG-3".
5 PKC-0 FP 5'-CAATG GCCTT CTTAA GATCA AAA-3’
PKC-6 RP 5'-CCTGA GAGATC GATGATC ACATAC-3’
CARMALI FP 5'-TTGTGGGAGAATGTGGAGTGT-3’
3 CARMALI RP 5'-TGCCCCTTGGTATGTAGAATG-3'
4 GAPDH FP 5'-AACCACAGTCCATGCCATCAC-3’
' GAPDH RP 5'-TCCACCACCCTGTTGCTGTA-3’
5. B-actin FP 5’-GGCTGTATTCCCCTCCATCG-3’
B-actin RP 5’-CCAGTTGGTAACAATGCCATGT-3’

Table 2. List of primer sequences for qPCR.

S. No Primer names Primer sequences (5’-3”)
! Notch1!' FP S'CACCCATGAC-CACTACCCAGTT3’
' Notch 1'¢ RP 5'CCTCGGACCAATCA-GAGATGTT3’
5 Hesl FP 5'-ACCGGACAAACCAAAGACAGCCTCTG-3'
Hesl RP 5'-CTGCAGGTTCCGGAGGTGCTTCACTG-3'
3 Bcl-10 FP 5'-GTTGTTCGTGGCTCC ATCTG-3'
’ Bcl-10 RP 5'-ACAGATGAAGTGCTGAAACTTAG-3'
4 MALT-1 FP 5'-CATGTTTGAGACCTTCAACAC-3'
MALT-1 RP 5'-CCAGGAAGGAAGGCTGGAA-3'
5 T-bet FP 5'-CGGCTGCATATCGTTGAGGT -3’
' T-bet RP 5'-GTCCCCATTGGCATTCCTC -3’
6 GATA3 FP 5'-TCATTAAGCCCAAGCGAAGG -3’
GATA3 RP 5'-GTCCCCATTGGCATTCCTC -3’
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Immunofluorescence

Cells (5x103%cells per chamber) were seeded into culture
slides (Axigen). The next day, cells were rinsed with ice-
cold PBS and fixed with 4% paraformaldehyde (Merk
Millipore) for 10 min at room temperature, followed by
permeabilization with 0.1% Sodium Citrate plus 0.1%
Triton X-100 (Merk Millipore). The cells were further
subjected to immunofluorescence staining with Notchl
(Cat no: sc-376403, Santa Cruz) (1:500) antibody for 2
h at room temperature. The cells were then washed with
cold PBS three times for 3 min each and incubated with
FITC-labelled secondary antibody (1:800) (Cat no: 7074,
Cell signalling Technology) at room temperature for 1 h.
Nuclei were counterstained for 5 minutes with S mM DAPI
(Cat no: D9542, Sigma Aldrich). The cells were examined
by fluorescence microscopy. Images were acquired using
a (Zeiss, Life technologies) microscope.

Western blotting

Isolated CD4" T cells were lysed with the Protein
Extraction Reagent (Merk, Millipore) at room temperature.
After lysis, the cell debris was removed via centrifugation
at 15,000 rpm for 10 min at 4°C. Supernatants were
electrophoresed on SDS-10% polyacrylamide gel at 140
V for lhr at room temperature. Proteins (10-50ug) were
resolved and transferred to nitrocellulose membranes
(Millipore) at 100 V for 1.5 h. After blocking the f non-
specific sites, the membranes were treated with primary
antibody (1:1,000 anti-rat CD25 (Catno: Cat#PA5-117480,
Invitrogen)and CD28 (Cat no: Cat no: ab 243228 Abcam)
at 4°C overnight, followed by incubation with secondary
antibody (1:2000 anti-rat IgG; Cat no: ab 6734, Abcam)
for 1 h. The bands were detected using the enhanced
chemiluminescence (ECL) detection reagents(Pierce™
ECL Western Blotting Substrate, Cat no: 32109).

Statistical analysis

Results were expressed as mean with standard error
of mean using the statistical program SPSS/PC+, version
17.0 (SPSS Inc). Statistical evaluation was performed
using one-way ANOVA, and the significance of results
was analyzed using Duncans's test of P < 0.05.

Results

Njavara rice bran oil (NjRBO) decreases T-cell
receptor (TCR) activation by lowering CD28 and
CD25 expression

CD25 surface marker was detected to analyze the
activation of CD4" T cells. It was found that HFD increased
the expression of CD25 in isolated CD4" Tcells. Whereas
dietary administration of NjRBO could mitigate the effect
by lowering its protein level expression as detected by the
western blot method (Fig 1A). CD28 is a co-stimulatory
receptor expressed by activated CD4" T cells and its
coordination with TCR 1is essential for T-cell activation,
differentiation and survival, making the CD28 pathway a
key checkpoint for controlling T-cell responses (40,41).
CD4" T-cell co-receptor signaling molecule CD28 protein
expression was demonstrated by the ELISA method on
isolated CD4" T cells. Results showed that the mean levels
of CD28 levels in T lymphocyte fraction in the control
group was 0.408 units/mg protein; In HFD supplemented
group, CD28 levels were elevated (0.9649 units/mg

protein) than in the control. Whereas Njavara rice bran oil
(NjJRBO) down-regulated (Mean value of 0.523 units/mg
protein) (Fig. 1C) resulted in a marked decrease in its co-
receptor activity. This change was further confirmed using
western blot analysis, as shown in Fig. 1B.

mRNA expression of notch components Notchl,
Notch1'® and Hes1 were altered by NjRBO

To investigate the involvement of Notch signaling in
peripheral T-cell activation and polarization, the mRNA
expression levels of Notch 1, its intracellular cleaved
fragment Notch1!© and thymic differentiation factor, Hes
1 in CD4*T cells of normal and atherosclerotic rats were
measured by RT-PCR and g-PCR. As shown in Fig 2,
compared with the control group, mRNA expression in
the atherosclerotic HFD group increased significantly for
Notch | (mean value 19.20 £ 1.643, p<0.05), Notch1('©)
(2.21+0.22,p<0.05)and Hes1(2.32+£0.189, p<0.05). Upon
NjRBO supplementation revealed that lower expression
of Notchl (9.11 £ 1.32, p<0.05), Notch1'® (0.600 + 0.12,
p<0.05) and Hes1 (1.18 £ 0.22, p<0.05) compared to high-
fat diet treated group. Hence, data showed that lowered
Notchl, intracellular cleaved fragment Notchl!® and
Hesl expression was associated with supplementation
of NjRBO in atherosclerotic rats. This showed a more
effective response than atorvastatin treatment.

Njavara rice bran oil (NjJRBO) decreases PKC-0
mRNA expression in CD4" T cells

In T-lymphocytes, PKC theta forms a connecting link
for T-cell antigen receptor (TCR)-triggered activation of
mature T cells (44). The results from the 1.5% agarose
gel electrophoresis experiment revealed that PKC-0
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Figure 1. A Immunoblot result showing the protein expression of
CD25 in whole-cell lysate by western blotting. Expression of GAPDH
was monitored to ensure uniform protein loading in all lanes. B Im-
munoblot of CD28 protein levels (representative immunoblot from
three independent experiments) in CD4" T-cell fraction, quantification
of immunoblot band intensities for CD28 (normalized to GAPDH, n
=3). C CD28 (Cluster of Differentiation 28), co-stimulatory signaling
protein expression was quantified on CD4" T cells using the ELISA
method. Measurements were done in triplicate, expressed as units per
mg protein. Group I - Normal, Group II - HFD, Group III - HFD +
NjRBO, Group IV - HFD + Atorvastatin. Values expressed as mean+
SEM in each group. a- Significant difference when compared with
group I at p<0.05. b- Significant difference when compared with
group II at p<0.05, c- Significant difference when compared with
group IV at p<0.05
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Figure 2. The expression of Notch 1, Notch1'“and Hes! is inhibited
upon NjRBO oil supplementation A Gel image of the RT-PCR result
of Notch 1 was analyzed in splenic CD4" T lymphocytes and the ar-
bitrary units were measured to evaluate the mRNA expression with
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as normaliza-
tion control B Relative mRNA expression of Notch1'® and Hesl in
CD4" T cells quantified using real-time PCR. Group I- Normal, Group
[I- HFD, Group III-HFD + NjRBO, Group IV- HFD+ Atorvastatin.
Values expressed as mean+ SEM in each group. a- Significant diffe-
rence when compared with group I at p<0.05. b- Significant difference
when compared with group II at p<0.05, c- Significant difference
when compared with group IV at p<0.05.

was present at a higher level in activated T cells in HFD
given group compared to NjRBO treated group, where
its expression was diminished. (Fig 4). B-actin was used
as a positive control.

Njavararice bran oil (NJRBO) alters T-cell signalosome
complex CARMA-1/Bcl-10/MALT-1 and lowers NF-
KB mediated activation in CD4* T lymphocytes

PKC-dependent signaling pathway comprises the triad
of CARMALI (scaffolding protein), Bel-10 (small linker
protein), and MALT-1 (an effector protein), also known
as the CBM signalosome. The scaffold protein caspase
recruitment domain-containing membrane-associated
guanylate kinase protein-1 (CARMA-1) is a signaling
protein that constitutes an essential component in TCR
signaling in CD4" T-lymphocytes (45). We investigated
the role of CBM signalosome components Bcl-10/MALT-
I/CARMA-1 in splenic lymphocytes by analyzing its
expression through reverse transcriptase-polymerase
chain reaction (RT-PCR) and gq-PCR. RT-PCR showed
lower density bands of CARMA-1 upon NjRBO (5.296
+ 0.47) consumption than in the HFD group (26.34 +
0.343). Relative gene expression of MALT-1 and Bcl-10
as assessed through fold change and showed a decrease
upon oil consumption (Fig 5A and Fig 5B). Nuclear
localization of the ,65 NF- kB component is important
in the progression of the disease. NF-«kB translocation
was studied by the ELISA technique in both cytosolic
and nuclear fractions of T-cells. NF-kB was expressed
in the nuclei of CD4" T cells of the HFD of the HFD-
treated group, but a decreased expression was shown upon
treatment with NjRBO (Fig 5C). Hence our results suggest
that T- cell signalosome component expression in CD4+T
cells correlated closely with NF-kB expression and this
activation could be decreased by NjRBO.

Njavara rice bran oil (NjRBO) regulates the expression
of T-bet and GATA-3 mRNA in CD4+Tcells and its
correlated cytokines IFN-y and IL-4

CD4* T cells are divided into the Thl lineage

characterized by the production of cytokines IFN-y and
TNF-o; and in contrast, Th2 cells based on the secretion of
cytokines 1L-4, IL-5, IL-13, and IL-10 (46). Quantitative
RT-PCR (gqRT-PCR) was used to demonstrate the relative
expression levels of T-bet and GATA-3 mRNA in T cells.
As shown in Fig 6A, CD4* Tcells of HFD expressed higher
levels of T-bet mRNA (0.512 + 0.025) than of controls
(0.129 £ 0.045) (P < 0.05) and lower levels of GATA-3
mRNA (0.091 £+ 0.012) than of controls (0.321 + 0.02)
(P < 0.05) (Fig 6B), resulting in a much higher T-bet/
GATA-3 ratio in HFD treated groups compared to controls
(P < 0.05). Whereas NjRBO could alter this by showing
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Figure 3. Representative images of immunofluorescent images stai-
ning for notch receptor (Notchl) in isolated CD4+T cells. DAPI stai-
ning is indicated in blue and notch staining is indicated in green. Scale
bar =60pum.
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Figure 4. Expression analysis of protein kinase C 6 (PKC-0) in iso-
lated T lymphocytes by RT-PCR. Total RNA was isolated from cell
samples and reverse transcribed using random hexamers as primers
and the product was run for PCR with PKC- 0 specific primers.
B-actin is used as a control. Groups were Group I- Normal, Group
[I- HFD, Group IlII- HFD + NjRBO, Group IV- HFD + Atorvastatin.
Values expressed as mean+ SEM in each group. a- Significant diffe-
rence when compared with group I at p<0.05. b- Significant difference
when compared with group II at p<0.05, c- Significant difference

when compared with group IV at p<0.05.
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down-regulated expression of Thl specific transcription
factor T-bet and an up-regulation in GATA3 expression.
T-bet mRNA expression in CD4" Tcells was significantly
correlated with its respective cytokine IFN-y secretion
(Fig 6C) (P < 0.05), which showed an increased protein
level in HFD treated group. There was a significant down-
regulation observed in cases with NjRBO treatment
(1.74+0.23). IL-4 cytokine is selectively expressed by
Th2 cells, hence mounting a model for Th2-specific gene
expression. In order to determine whether NjRBO could
alter IL-4 mediated differentiation and expansion of Th2
cytokine-producing in cells, protein levels were assessed,
which showed an increase in its production (0.993 £0.03)
compared to the diseased (0.344+0.023) (Fig.6D).

Discussion

To the best of our knowledge, the findings in this study
are novel as it highlights the need for the effectiveness
of Njavara rice bran oil dietary intervention as an
effective anti-atherogenic treatment option by regulating
inflammatory notch-mediated T-cell adaptive response.
Notch signaling has attractive potential as a therapeutic
target candidate in atherosclerosis and the precise roles
of the various notch members in T-cell development and
activation need to be explored and should be utilized for
novel treatment strategies. This novel signaling pathway
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Figure 5. A Expression of CARMA1/Bcl10/MALTI in isolated T
lymphocytes by PCR. Total RNA was isolated from cell samples
and reverse transcribed with primers specific for CARMAI. Values
normalized to B-actin used as control. B Real time quantitative PCR
showing mRNA levels of Bcl10/MALTI. Real-time q-PCR was per-
formed with the SYBR GREEN PCR master mix. The amounts of
Bcl10/MALTI transcripts were normalized with GAPDH as control.
The data are reported as the mean +SD of four independent experi-
ments. C NF-Kf translocation rate was quantified in the CD4+T lym-
phocyte cytosolic and nuclear fraction by ELISA. Groups were Group
I- Normal, Group II-HFD, Group I1I- HFD +NjRBO, Group IV- HFD
+ Atorvastatin. Values expressed as mean+ SEM in each group. a- Si-
gnificant difference when compared with group I at p<0.05. b- Signifi-
cant difference when compared with group II at p<0.05, c- Significant

difference when compared with group IV at p<0.05.
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Figure 6. Th1/Th2 markers were quantitated by real-time PCR and
ELISA techniques. A T-bet and B GATA 3 mRNA were measured via
qPCR. Protein expression of cytokines C IFN-y and D IL-4 measured
by ELISA. Group I - Normal, Group II - HFD, Group III - HFD +
NjRBO, Group IV -HFD + Atorvastatin. Values expressed as mean+
SEM in each group. a- Significant difference when compared with
normal at p<0.05. b- Significant difference when compared with HFD
at p<0.05, c- Significant difference when compared with Atorvastatin

at p<0.05.

has been extensively studied in T-cell development,
its activation, and effector functions. TCR stimulation
activates naive CD4" Tcells and causes its differentiation
into multiple subsets of T-helper (Th) cells characterized
by their specific cytokine profile(47,48). Even Though
therapies that tend to activate/regulate notch signaling
were known to improve T-cell-mediated immune response,
the efficacy and safety of this approach need to be much
studied. Herein the protective effects of NjJRBO were
evaluated by observing notch-regulated T-cell activation
pathway components and related protein and mRNA
expression.

Stimulation of TCR promotes the surface expression
of the transmembrane alpha chain of the IL-2 receptor
(CD25) on T cells (49). CD25, a surface marker of CD4*
T-cells, is upregulated upon T-cell activation and serves as
a therapeutic target in inflammation. A prior investigation
into the immunomodulatory properties of NJRBO in CD4*
T cells demonstrated its ability to inhibit T-cell proliferation
by showing a decreased expression of CD25 on activated
CD4" T-cells. Its protein expression was analyzed by
western blotting which showed a considerable decrease
upon supplementation with NjRBO compared to the
HFD-treated group. Peripheral T-cell activation requires
T-cell engagement with its co-receptor CD28, which is
controlled by T-cell specific kinase, PKC-0. Previous
studies describe PKC-0 as playing an essential role in
activating the classical NF-«xB signaling cascade (50). As
previously reported, studies have confirmed that full-length
CD28 expression is detected in activated T lymphocytes
(51). In line with the above evidence, we demonstrated
that both CD28 and PKC-6 protein expression in T cells
showed a considerable increase upon HFD exposure
which was mitigated by NjRBO. In the present study,
though both atorvastatin and RBO significantly caused the
reversal in inflammatory notch-regulated T-cell activation,
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NjRBO supplementation caused a considerable decrease
which was more pronounced that atorvastatin which
may be intolerant to some patients. Hence these results
revealed that despite the beneficial effect of atorvastatin
in ameliorating dysregulation of T-cell functions, NjRBO
treatment as a dietary nutraceutical caused a profound
decrease in T-cell activation markers and the concomitant
decrease in PKC-0 in the development of atherosclerosis.

We aimed to determine the Notch receptor activation
during TCR-mediated signaling by monitoring Notch1 and
its cleaved fragment, Notch1'® expression at mRNA levels.
There are numerous studies suggesting that Notch1 has an
obligatory role in CD4'T cell lineage induction (52,53).
Elevated expressions of Notchl and Notchl' could be
linked to notch signaling. Hence in conclusion, we have
determined that our results from gene expression studies
and immunofluorescence imaging of Notch receptor,
Notchl revealed that a lowered expression pattern was
shown upon NjRBO administration. In line with the
above findings, then we evaluated whether Hesl mRNA
expression was induced following in-vivo notch signaling
and revealed that expression levels of the Notch1-regulated
genes Hes1 were up-regulated in the isolated splenic CD4*
T cells samples of high-fat diet (HFD) as determined
by qPCR. In CD4" T-cells, Notchl can also become
activated following receptor stimulation to generate the
NICD, which migrates to the nucleus and induces gene
transcription of effector genes of the pathway, Hesl1. Since
Hesl transcriptional induction by the NICD controls
critical aspects of thymic T-cell differentiation (54,55), our
g-PCR results demonstrated that NjJRBO administration
resulted in decreased T- cell receptor-mediated induction
of Hes1 gene.

The CBM signalosome complex plays a major
pathophysiological role in T- lymphocytes and in adaptive
immunity. T-cell activation requires the assembly of a
signaling module composed of three proteins, CARMAL,
Bcl10, and MALTI1(56). So, we determined whether
NjRBO treatment might mitigate the inflammatory
effects of the CBM signalosome complex composed of
CARMA-1, Bcl-10, and MALT-1 proteins within CD4*T
cells. Using quantitative RT-PCR, a finding that is reflected
at the mRNA level was demonstrated, showing that the
CBM signalosome can be considered as a treatment target
by NjRBO, and the potential exists for exploring its food-
based dietary approach as a novel treatment option for the
prevention of atherosclerosis.

Next, we studied whether this protection correlated
with levels of Thl and Th2 specific transcription factors
and inflammatory cytokines and that are strongly
implicated in the pathogenesis of atherosclerosis. Naive
T-helper (Th) cell differentiation towards Thl or Th2
cells is regulated by the transcription factors T-box
expressed in T-cells (T-bet) and GATA-binding protein-3
(GATA-3) (57-58). T-bet and IFN-y factors which are
well-known Thl-specific inflammatory markers showed
the most significant reduction (p < 0.05) upon treatment
with NjRBO. The cytokine milieu produced by activated
CD4" T cells is one of the crucial determinants for fate
decision into different effector Th subtypes. An increase in
Th1 differentiation followed by a concomitant decrease in
Th2 cytokine production and differentiation was observed
in the diseased high-fat diet (HFD) group. NjRBO oil
supplementation maintained the cytokine levels by

increasing 1L-4 cytokine production and up-regulating
Th2 immune response by elevated GATA3 at the protein
level.

Conclusion

To date, no dietary nutraceuticals interfering with the
Notch signaling are approved for inflammatory diseases
like atherosclerosis. Based on the present preliminary
investigations regarding this to the first of'its kind, our study
proposed that modulating the Notch signaling through
NjRBO could offer a new therapeutic option in reducing
the disease severity. NJRBO exerts potent regulatory effects
in modulating notch-mediated T-cell activation by down-
regulating several notch pathway components associated
with atherosclerosis. Hence, the present study reinforces
the use of NjRBO as an alternative natural hypolipidemic
agent useful for the management of risk factors associated
with atherosclerosis.
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