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Abstract: Problem statement: Flavonoids and related polyphenols, have been kntowpossess
cardioprotective, anti-tumor, anti-inflammatory tiaallergic and anti-viral activities. Previous dies
have shown that flavonoid, quercetin significantlgwnregulates expression of pro-inflammatory
cytokines in cultured cells via modulation of RE-and p38MAPK signaling pathways. In the current
study, we hypothesize that quercetin exerts ar-Httivity by differential modulation of pro-and
anti-inflammatory cytokine expression in normal P8& Approach: Cultures of PBMC received
either different concentrations of quercetin (14M) or media alone. The anti-HIV effects of
quercetin was evaluated in anvitro infection model by quantitaing the HIV-1 LTR gengpression
by quantitative Real Time PCR, HIV-1 p24 antigemduction by ELISA and viral infectivity by
MAGI cell assayResults: Our results showed that quercetin significantlydeegulates p24 antigen
production, LTR gene expression and viral infetyivin a dose dependent manner (548d) as
compared to HIV infected untreated control PBMQsttlier, we reported that quercetin significantly
downregulated the expression of the pro-inflammatgtokine, TNFe. with concomitant upregulation
of anti-inflammatory cytokine IL-13 as determineyg imeasurement of gene expression and protein
production. A higher level of IL-13 is known to ibit TNF-a production and also HIV-1 infection.
Thus, differential modulation of pro-and anti-imfianatory cytokines could be one of the possible
mechanisms for the anti-HIV effects of querceti@onclusion: Better understanding of the
mechanisms underlying the anti-HIV effects of ge¢irc may help to develop a new neutraceutical
agent useful in the treatment of HIV-1 infectedjeats in conjunction with conventional therapeutic
regimens.
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INTRODUCTION These beneficial effects of flavonoids have been
attributed to their antioxidant and anti-inflamnrgto
Discovery of effective and less toxic antiviral properties.
agents is a high priority in the search for morfeative Quercetin, one of the polyphenolic flavonoids, is
therapies against HIV. Flavonoids comprise a larg&known to have effects on a variety of inflammatory
class of low molecular weight polyphenolic composind processes and immune functiBrid. Tumor Necrosis
ubiquitously distributed in food plants. Flavonoidi®e  Factor (TNF)e is a major pro-inflammatory cytokine
enriched in certain vegetables, fruits, seeds anthat regulates the growth, proliferation, diffeiation
beverages (e.g., tea and wine) and are regarded asand viability of activated leukocytes. Previousdits
class of semi essential nutrients for humans. Bieta have shown that quercetin suppresses BNiRduced
intake of flavonoids is highly variable, with estitton  |L-8 and MCP-1 expression in cultured human synovia
ranging from 28! to more than 500 mg da&?. celld™. Likewise, several studies have demonstrated
Flavonoids display a diverse array of biologicdkets the inhibitory effects of quercetin on the expressof
including antioxidant, anti-inflammatory and antitor  inflammatory cytokines by cultured célfs”. Recent
activities with no apparent toxic side effects efl$®®.  study reported in HMC-1 human mast cell line has
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indicated that quercetin effects on inflammatoryELISA kit as per manufacturer's instructions
cytokines are mediated through the modulation of NF (Zeptometrix, Buffalo, NY) and cell pellets wereeds
kB and p38 MAPK signaling pathwa}8. Previously, for RNA extraction and analyzed by gRT-PCR for LTR
we have also demonstrated the inhibitory effects ofyene expression.
quercetin on TNF& production in normal Peripheral
Blood Mononuclear Cells (PBMCs) and this effect isQuantitative Real Time PCR (QRT-PCR): RNA from
mediated by downregulation of MB and kB, cell pellets was extracted using RNAeasy mini kit
Moreover, our laboratory has also shown that quierce (Qiagen, GmbH, Germany) followed by CcDNA
inhibits HIV-1 entry co-receptor CCR5 in normal Synthesis using high capacity reverse transcriptase
PBMC in a dose dependant marﬁ‘?ér cDNA kit (Appl|8d Bio systems, Foster Clty, CA,
Although, earlier reports showed the antiviral USA) to perform gRT-PCR. Relative abundance of
activity of quercetin, the pharmacological actioh o €ach MRNA species was assessed using SYBR green
quercetin on inﬂammatory Cytokines and the undagy master mix from Stratagene using Mx3000P instrument
mechanisms are not sufficiently investigated.Which detects and plots the increase in florescence
Therefore, we hypothesize that quercetin exerts antversus PCR cycle number to produce a continuous
HIV activity by differential modulation of pro-arehti- ~ measure of PCR amplification. To provide precise
inflammatory cytokine expression in normal PBMCs. quantification of initial target in each PCR readtithe
In the current study, we report the inhibition ofv«L ~ amplification plot is examined at a point duringe th
replication and virus infectivity by quercetin imnmal ~ early log phase of product accumulation. This is
PBMC as evaluated by HIV-1 p24 antigen production,accomplished by assigning a fluorescence threshold
HIV-1 LTR gene suppression and MAGI cell assay and@Pove background and determining the time point at
the mechanism may involve suppression of proWwhich each sample’s amplification plot reaches
inﬂammatory Cytokine (TNR}), with a reciproca| threshold (deﬁned as the threshold CyCle numbﬂ'ﬁ]r

upregulation of anti-inflammatory cytokine, IL-13. Differences in threshold cycle number are used to
identify the relative amount of PCR target contdine
MATERIALSAND METHODS within each tub$?. Relative mRNA species expression

was quantitated and expressed as transcript
Cell culture: Normal Peripheral Blood Mononuclear accumulation index (TAl =2“"), calculated using the
Cells (PBMC) were isolated by density gradientcomparative €method.
centrifugation process from HIV-1, HIV-2 and hefiati
B seronegative donor leukopacks as described ehglie MAGI Assay to measure HIV-1 infectivity: To
us®. PBMC (3x10° cells mL™®) were cultured in RPMI observe the effects of quercetin on HIV-1 infedgivin
1640 medium (Invitrogen, Grand Island, NY) containi PBMC, we used the MAGI cell assay. This assay was
10% fetal bovine serum, penicilin 100 U mL intended to quantitatively measure virus infecyift.
streptomycin 100 mg mt and 2 mM L-Glutamine The MAGI (multinuclear activation of a galactosidas

(Gibco-BRL, Gaithersburg, MD) at 37°C in 5% €O indicator) cells are HelLa derived cells stably
incubator. transfected with CD4 and a reporter construct

consisting of the p-galactosidase gene (which is

HIV-1 111B infection: HIV-1 I1IB, CXCR4-tropic, X4  modified to localize to the nucleus) driven by a
virus strain (Cat #398) was procured through NIHtruncated HIV-1 LTR. Expression of tifiegalactosidase
AIDS Research and Reference Reagent Progran§iene is Tat-dependent such that an incoming vinust m
PBMCs (X10° cells mL™Y) were infected with HIvV-1 ~Produce active Tat protein to drive expression haf t
IIIB virus at a concentration of $ TCIDsmL™ cells  reporter. MAGI cells (410" cells well) were plated in a
for 3h as described by the supplier. Cells wereheds 24 well plate and were treated in duplicate wit 1.
and cultured in the presence of quercetin (S|gmace” SUSpenSlqn of PBMC’s that were infected Wlth
Aldrich, St. Louis, MO) at concentrations ranging HIV-1 1lIB virus and subsequently treated with
between 0-50 pM for 7 days at 37°C in 5% ,CO duercetin (5-50 uM). A total of 200 pL of DMEM
incubator. These concentrations selected foirthétro  supplemented with 10% FCS, 100 U thipenicillin,
studies are similar to levels found in plasma oo 100 pg mL* streptomycin, 0.25 ug mt.fungizone and
subjects that have ingested 150 or 300 mg 0800 ug mLC* glutamine containing DEAE-Dextran at a
quercetiffl. The culture supernatants were harvestedoncentration of 15mg mt was added to the MAGI
and stored at-70°C until further analysis for HI\p24  cells and infected cells were incubated for 3 datys
antigen protein production by commercially avaié@abl 37°C, 5% CQ Cells were fixed and stained with 5-
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120

bromo-4-chloro-3-indolyl-D-galactopyranoside (X-§al

and blue cells were counted as infected cells. = e

Stimulated cytokine gene expression and protein o
secretion: PBMCs (%*10° cells mL™") were stimulated : e

with Phorbol Myristate Acetate (PMA) (5 ng fit). and ‘

cd&* ionophore (50 ng ml) for 24-96 h and 53 .
simultaneously treated with quercetin (1-50 pM)o-Pr .

inflammatory cytokine, TNFe and anti-inflammatory p=0.000006
cytokine, IL-13 gene expression was studied by qRT- -_
PCR after 24 h of stimulation, whereas protein itreated Quercetin  Quercetin  Quercetin  Quercetin
secretion was determined in cell culture supernatay control 5 M D ot
ELISA after 96 h of stimulation. TNR-and IL-13  Fig 1a: Effect of quercetin on LTR gene suppressio
protein secretion was quantitated using a comnlgrcia in PBMC infected with HIV-1 1IIB

available ELISA kit obtained from Bio Source Note: Effect of quercetin on LTR gene suppression in RBM

: . ) infected with HIV-1. PBMC (81 cells mL?) infected with
International (Camarillo, CA) as per manufacturer's HIV-1 IlIB were treated with quercetin 0-50 puM fa@r days.

instructions. Cells were harvested, RNA was extracted and reverse
transcribed followed by quantitative real time P@R LTR

. . gene. Relative expression of mRNA species was legch
Statistics: Experiments were performed at least three using the comparative;@ethod. The data represents the means

times and the values obtained were averaged. Data a  * SE of 3 independent experiments. Statisticaliiigmce was
represented as Mean + SE. Comparisons between two calculated by students °t"test

groups were conducted using Student’s paired t-test
Differences were considered significant at05, B

p<0.06
<0.0
with two-tailed test. Data analysis was performethw 5 5
the Statistical Program, Graphpad prism softwara (L = 5 p<0.05
Jolla, CA). 2 s p<0.03
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O + -

Uninfected Untreated - Quercetin Quercetin Quercetin Quercetin

Ln

L

o

oL I Y IS
(=]

I
ng ml
o

—
(=)

Quercetin inhibits HIV-1 LTR gene expression in congol  congol - SuM I0WM - 25uM - s0uM
PBMCs: In the present study, the anti-HIV activity of Fig. 1b: Effect of quercetin on p24 production BNPC
flavonoid, quercetin was evaluated using ianvitro infected with HIV-1 11IB
infection model in PBMCs. Data showed in Fig. 1 Note: Effect of quercetin on p24 production in PBMC ictied with
shows the effect of quercetin on HIV-1 LTR gene {jé\;éaPB_qu(ifrlgt_crfllg r5ncl)-’l) 'i\;llfigieg V(\;i;hsl*lg/érlllﬁa\?{g;e
. . . . wi u in 0-50 p \% ubation,
suppression in _FBMC infected W't_h HIV-1. PBMC supernatants were collected and analyzed for Hp24 antigen
(3x10° cells mL™*) were cultured with and without levels by ELISA. The data represents the means 0SH
quercetin at different concentrations for 7 dayerahe independent experiments. Statistical significanes walculated

. i by students “t” test
HIV-1 llIB infection. Cells were harvested, RNA was y students ttes

extracted and reverse transcribed to obtain cDNAQuercetin inhibits HIV-1 p24 antigen production in
which was used further to quantitate LTR genePBMC: Further we performed measurement of HIV-1
expression by QRT-PCR. Results obtained werg24 protein levels from cell culture supernatanys b
transformed to obtain Transcript Accumulation IndexELISA. Data showed in Fig. 1b shows HIV-1 p24
(TAI) and plotted as % LTR expression with quenceti antigen levels in culture supernatants of PBMCateid
treatment. Our data shows that quercetin signifigan With HIV-1 and cultured with or without querceting
downregulated LTR gene expression in a dos 0 um concentrations. A dose dependent decrease in

dependent manner at concentrations of 5 IV-1 p24 protein production was observed upon
P ““ﬂeatment with quercetin at varying concentrationhd

(17%, p = 0.069), 10 uM (40%, p = 0.014), 25 UM g ng mI?), 10 uM (25.7 ng mT:; p<0.004), 25 UM
(72%, p = 0.0005) and 50 uM (88%, p = 0.000006)16.9 ng mC:; p<0.05) and 50 pM (12.1 ng mi
compared to HIV infected untreated control culturesp<0.03) compared to HIV infected untreated control
(100%) (Fig. 1a). cultures (29.8 ng mit).
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Lo 46 sy b - P02 o,
- = F - p<0.01 .
s~ D|~ E z p<0.0001
L33 S . 1o R -
A. Uninfected Control =
B. Infected Control - 0

19
i = =020
a » f p=008
= 40
€. Quercetins uM E 30 - p=005 Control | 3 10 25 30
D. Quercetin 10uM 5 20 p=004 Quercetin conc. (M)
E. Quercetin25 uM ZD Lg l . i i .
F. Quercetin50 uM N R T e e T Fig. 3a: Effect of quercetin on pro-inflammatory
control  contol  SUMC 10 25.M 500 cytokine, TNFe gene expression
Fig. 2: Effect of quercetin on HIV-1 [lIB virus p=0.003

infectivity in PBMC by MAGI cell assay
Note: Effect of quercetin on MAGI cell assay. MAGElls
(4x10* cells wel™) were treated with 100 pL cell suspension
of PBMCs that were infected with HIV-1 llIB virusnd =
subsequently treated with quercetin (5-50 uM) araibated
for 3 days at 37°C, 5% GCCells were fixed and stained with
5-bromo-4-chloro-3-indolyl-D-galactopyranoside (&5 and
blue cells were counted as infected cells. The depeesents
the meanst SE of 3 independent experiments. Statistical
significance was calculated by students “t” test

Control 1 5 10 25 50

Quercetin conc. (uM)

Quercetin inhibits HIV-1 virus infectivity in PBMC
by MAGI cel assay: We also measured HIV-1 cytokine IL-13 gene expression
infectivity using the MAGI assay that allows detent Note: Effect of quercetin on stimulated TNF-and IL-13 gene

of HIV-1 after a smgle_ viral repllc:_;mon cycle in expression in PBMC. PBMCs a0 cells mLY) were
supernatant of quercetin treated infected PBMC stimulated with PMA (5 ng mt) and Caionophore

cultures. Our results showed a decrease in number o (50 ng mCY for 24 h and simultaneously treated with
HIV-1 infected cells as represented by the decrkase quercetin (1-50 pM). Cells were harvested, RNA was

Fig. 3b: Effect of quercetin on anti-inflammatory

number of blue cells with increasing concentratiofis m::a‘:tegi a”Sda rZ‘r’%rsl’f_lt;a”Efr'%%d f‘(’e':]‘;W:f gﬁsﬁm
quercetin. Percentage of HIV-1 infected cells ail®, expreﬂsgiog' of l),nRNA Spec(ief'(TA)l)gwas carl)culatedwglsxhe

25 and 50 pM concentrations of quercetin wer 43 comparative @method. The data represents the means + SE of
(p = 0.2, NS), 33% (p = 0.08, NS), 19% (p = 0.05J a 3 independent experiments. Statistical significanees
10% (p = 0.04) respectively compared to the 46%hén calculated by students “t” test

HIV-1 infected untreated control (Fig. 2). On the contrary, IL-13 gene expression was

Differential modulation of pro-and  anti- significantly upregulated in the quercetin (1-50 uM
inflammatory cytokine by quercetin in PBMC: treated cultures compared to untreated cudture
Previously, we have reported that quercetin inkibit (Fig. 3b).
expression of pro-inflammatory cytokine TNF-n To substantiate gene expression results, we
normal PBMC via modulation of the KB systerft®. measured cytokine protein secretion from culture
In the current study, we investigated whether ceténc ~ Supernatants stimulated with PMA and treated with
exerts differential effect on expression of prod amti-  duercetin (1-50 puM) for 96h. Data showed in Fig. 4a
inflammatory cytokines in normal PBMC. PBMCs shows that quercetin at 5 uM (200 pg Thip = 0.026)
were stimulated with PMA and calcium ionophore andand 10 pM (189pg mit, p = 0.016) significantly
simultaneously treated with quercetin (1-50 uM)2d¢  inhibited secretion of TNfe- cytokine, while 25 pM
96 h. After 24 h incubation, cells were harvested t and 50 uM quercetin treatment resulted in complete
determine pro-inflammatory cytokine, TNFand anti- inhibition of TNF-a secretion compared to untreated
inflammatory cytokine, IL-13 gene expression by gRT cultures. Interestingly, IL-13 protein secretion swa
PCR. Result indicates that quercetin downregulatedignificantly upregulated (p<0.001) in a dose deleern
TNF-a gene expression by PBMCs in a dose dependemhanner in the concentration range of 1-50 uM of
manner in the concentration range of 10-50 uM (B#&).  quercetin (Fig. 4b).
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- Ll expression of pro-inflammatory cytokine, TNFwith a

0] & =032 concomitant  upregulation of anti-inflammatory
600 cytokine, IL13. The differential modulations of pand
Ly B \‘\.\ anti-inflammatory cytokines play a major role ireth
% 400 \ p=0.026 . . . .
& o \ p=0.016 infection and pathogenesis of HIV disease.
200 —— p=0.009 Previous studies from our laboratory demonstrate
100 \. - that quercetin differentially regulates gamma ifetem
e & & @m0 (IFN-y) and IL-4 expression in PBMEX. Further, we
Quercetin conc. (M) have also shown that flavonoids from grape seed

extracts downregulates the expression of HIV-1yentr
Fig. 4a: Quercetin downregulates TNF- protein  co-receptors, CCR2b, CCR3 and CCR5 in normal

secretion in PBMC PBMC4?®, which suggests that flavonoids can interfere
with the binding of the virus to the cell receptord,
113 p=0.0001 thus can prevent HIV entry into the normal lymphtecy

In addition, the findings from this study suppostal
demonstrating the ability of quercetin to modulate
variety of inflammatory cytokines and their roleHiV
infection. HIV-1 infection and virus replication er
regulated by a complex network of cytokines sedrete
by a variety of cells. TNIr is one of the major pro-
oot © | & W & inflammatory cytokines that significantly upregeat
Quercetin conc. (uM) HIV-1 production in Monocytes-Derived Macrophages
(MDM) through the activation of NKB signalind”.
Fig. 4b: Quercetin upregulates IL-13 protein séoret On the other hand, IL-13 exerts anti-inflammatory
in PBMC activity by inhibiting production of pro-inflammatp
Note: Effect of quercetin on TNE-and IL-13 protein secretion in  cytokines such as TN&- and inhibits HIV-1
PBMC. PBMCs (310° cells mL") were stimulated with  productioff®’. Previous studies have reported that IL-13
PMA (5 ng mLY) and C&ionophore (50 ng mL) for 96 h  acts on macrophages before and after HIV-1 infactio
and bsirtnultanel(t)usly treatedtwi:h quercetil? (tl-gggjhﬂerd and blocks the completion of reverse transcription,
e e e et et inhibits virus production and reduces he infecshof
levels. The data represents the means + SE ofépertlent (€ progeny viriorl8™. Further, IL-13 is also known to
experiments. Statistical significance was calcdatey  suppress TNREr induced activation of NKB,
students “t” test Activation Protein-1 and apoptosis, which descriltes
immunosuppressive and anti-inflammatory effé®ts
DISCUSSION Our results showing significant downregulation of
TNF-a by quercetin could probably be attributed to
Flavonoids represent a group of phytochemicalgncreased levels of IL-13. These findings sugdest in
that are known to offer significant health benefi's addition to downregulation of HIV entry co-recefstor
humans. Flavonoids have been recognized to exely quercetin, differential modulation of pro-andtian
antibacterial and antiviral activity, anti-inflamioay, inflammatory cytokines expression could be the
antiangiogenic and antiallergic effects, analgesicpotential mechanisms for the anti-HIV activity of
hepatoprotective, cytostatic, apoptotic, estrogemd quercetin.
antiestrogenic properti&d®. Quercetin is the most
ubiquitous flavonoid in nature that exhibits a wide CONCLUSION
range of biological activities arising mainly froits
antioxidant property and ability to modulate selera Quercetin displays a diverse array of biological
enzymes or cell receptors. The current study shbats  effects, which is mainly attributed to its antioait and
quercetin exerts significant anti-HIV activity by anti-inflammatory properties. Elucidating the malkec
inhibiting HIV replication and reducing virus infiadty ~ mechanisms of quercetin-induced anti-HIV effectsyma
in PBMCs as measured by HIV-LTR gene expressionhelp to develop novel flavonoid-based neutraceltica
p24 antigen production and MAGI cell assay. Furtheragents useful in the treatment of HIV infection.
we also report that quercetin downregulates thdurthermore, these studies may provide new
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information and impetus for developing a potential9.
clinical trial of quercetin as an adjunct nutritédn
supplement, along with the existing antiviral
therapeutic regimen, in the treatment of HIV infext
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