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Naturally occurring polyphenolic antioxidants modulate IgE-mediated mast cell
activation
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SUMMARY

Reactive oxygen species (ROS) are known to modulate activities of a host of kinases, phosphatases
and transcription factors. Rutin and chlorogenic acid (CGA) are the major polyphenolic
antioxidants present in the small molecular fraction of smokeless tobacco leaf extracts, as
ascertained by reverse-phase high-pressure liquid chromatography (HPLC) and mass spectrometry.
Levels of intracellular ROS in resting versus antigen-immunoglobulin E (IgE)-challenged murine
mast cells were measured at 510 nm by fluorescence-activated cell sorting (FACS) using carboxy-
dichlorofluorescein (DCFH-DA). Enhanced ROS production was observed in IgE-sensitized mast
cells following antigenic challenge. Rutin and CGA reduced ROS levels in antigen—IgE-activated
mast cells. Concomitantly, they also profoundly inhibited histamine release by these activated mast
cells. In contrast, rutin and CGA augmented the inducible cytokine messages, i.e. interleukin (IL)-
10, IL-13, interferon-y (IFN-y), IL-6 and tumour necrosis factor-o (TNF-o) in IgE-sensitized mast
cells following antigen challenge. This study indicates that tobacco polyphenolic antioxidants that
quench intracellular ROS, differentially affect two effector functions of antigen—IgE-activated mast
cells. This model system may be employed to determine the molecular target of polyphenols. The
potential role of these polyphenolic antioxidants on IgE-mediated allergy in vivo depends on a

balance of their differential effects on mast cell activation.

INTRODUCTION

Reactive oxygen species (ROS) are mainly derived
via mitochondria’s cytochrome ¢ during aerobic respiration,
via reduced nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase cytochrome b558 during phagocytic
defence, and via reactive metabolites of xenobiotics by
cytochrome P450.'° In contrast, antioxidants obtained from
food and nutrient supplements scavenge reactive oxygen
species. Thus, redox homeostasis is controlled by maintaining
certain thresholds of ROS because of to steady-state generation
and extinction of ROS by various cytochrome systems and
antioxidants. Lymphocytes and effector leucocytes undergoing
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differentiation and activation in the milieu of radicals may be
subjected to either normal or undue levels of oxidative stress.
Multiple ROS such as hydrogen peroxide (H,0,), superoxide
anions, and hydroxyl radicals are generated during normal
physiological processes. There has been increasing evidence
that H,O; plays a crucial role in signal transduction of T and B
cells, and other cell types.®'! Thus, it was proposed that ROS
might serve as a second messenger for a myriad of signal
transduction events.'>!3

Mast cells modulate immunoglobulin E (IgE)-mediated
inflammatory responses by two well-known effector functions:
degranulation of prestored inflammatory mediators versus
cytokine gene expression. Epidemiological studies indicate that
elevated IgE production and lesions of type I immediate
hypersensitivity are associated with cigarette smokers.'®!”
Tobacco polyphenols are implicated in potentiating IgE
production.'® However, it is not known whether these
polyphenols also exert a direct effect on IgE-mediated mast
cell activation. Because intact polyphenols may be more
abundantly present in non-pyrolysed smokeless tobacco, we
therefore ascertained the existence of such entities in smokeless
tobacco leaves. Next, we proceeded to determine whether
antioxidants concomitantly modulate degranulation as well as
cytokine gene expression of antigen—IgE-activated mast cells.
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In this study, two natural occurring polyphenolic anti-
oxidants in non-pyrolysed, smokeless tobacco products were
identified. Rutin and chlorogenic acid (CGA) effectively
scavenged ROS, and profoundly inhibited histamine release
by antigen-IgE-activated mast cells, while concomitantly
upregulating mRNA of a host of cytokines. This model system
may be employed to elucidate molecular targets of polyphenols
during mast cell activation. The possible effect of tobacco
polyphenols on IgE-mediated allergy in vivo may depend on a
balance of modulating two distinct effector functions of mast
cells.

MATERIALS AND METHODS

Reagents and chemicals

Rutin (quercetin-3-rutinoside; 3,3",4,5,7-pentahydroxyflavone-
3-rutinoside),3-[[6-O-(6-deoxy-a-L-mannopyranosyl)-b-p-glu-
copyranosyl]oxy]-2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-
4H-1-benzopyran-4-one, MW 610-5), and chlorogenic acid
(CGA, 3-caffeoylquinic acid), M.W. of 354, were obtained
from Sigma, St Louis, MO. N-acetylcysteine (NAC) was
obtained from Sigma. Dinitrophenol (DNP)-specific IgE and
DNP-bovine serum albumin (BSA) was prepared as
described.'® Antigen—IgE complexes were prepared by incubat-
ing 100 ug DNP-BSA and 100 pg IgE per ml phosphate-
buffered saline (PBS) at room temperature (r.t.) for 30 min.
TRI Reagent® for total RNA extraction was obtained from
Molecular Research Center Inc. (Cincinnati, OH).

Cell lines

Mast cell subline-9 (MC/9), obtained from ATCC (Rockville,
MD), is derived from the fetal liver of (B6xA/J) Fl,
resembling mucosal mast cells.”® Conditioned medium was
prepared as followed. BALB/c spleen cells were stimulated with
25 ug/ml concanavalin A (Con A) at 5x10° cells/ml in
Dulbecco’s modified Eagle’s minimal essential medium
(DMEM), supplemented with 5x 107> M 2-mercaptoethanol,
an additional 2 mmL-glutamine, 10% heat-inactivated fetal calf
serum (FCS) at 37° for 48 hr in a 10% CO, incubator.
Supernatants were harvested by centrifugation and sterilized by
0-22 um filtration. Residual Con A was removed by passing
conditioned medium through a G-50 column.

Purification and characterization of tobacco leaf extract

Research loose-leaf chewing tobacco, 1S1 (nicotine at 0-76%
dry weight), was obtained from the University of Kentucky
Tobacco and Health Research Institute. Crude smokeless
tobacco extract (STE) was prepared as follows: Leaves were
ground in water at 45% (w/v), supernatant was collected
following centrifugation at 11 951 g, and filtered through
0-22 pm. The protein was determined at 1-4 mg/ml of STE by
Micro BCA. STE was dialysed against membrane of MW cut-
off of 1000. The volume of the dialysable small molecular
fraction of STE (SM-STE, MW <1000) was then lyophilized
and re-adjusted to the volume of the initial extract. This
material was further subjected to analytical reverse-phase high
pressure liquid chromatography (RP-HPLC) in 0-1% trifluor-
oacetic acid (TFA) and acetonitrile (ACN) gradient from 20%
to 70% within 45 min on a C18 column by a Dynamax Rainin’s
HPLC Method Manager System. Molecular weights of these
naturally occurring small molecules were determined by a

SCIEX-API 100 mass spectrometer (Perkin Elmer, San
Francisco, CA) based on ionic spray and subsequent time-of-
flight (TOF) mass determination of the ionized molecular
species. Identification of MW of the natural products was aided
by the software program: Dictionary of Natural Products CD-
ROM Ver. 7.2 (Chapman & Hall/CRC, Boca Raton, FL).
Single species of natural compounds exhibiting unique mass for
polyphenols were ascertained in the database. Identification of
CGA was further substantiated by chromatography. Parallel
runs of polyphenol standards exhibited identical spectrum.

Measurement of ROS

Carboxydichlorofluorescein diacetate (DCFH-DA) for mea-
suring intracellular redox was obtained from Molecular Probes
(Eugene, OR). DCFH-DA is a nonpolar compound that is
converted into a membrane-impermeable non-fluorescent polar
derivative (DCFH) by cellular esterase after incorporation into
cells. The trapped DCFH is rapidly oxidized to fluorescent 2',7’
dichlorofluorescein (DCF) by intracellular hydrogen perox-
ide.?! Cells at 1 x 10%ml were incubated overnight with IgE and
polyphenols at 37° in a 10% CO, incubator and washed. Equal
number of cells were then distributed in aliquots in fresh
medium, and challenged with 100 ng/ml DNP-BSA from 1 to
24 hr. Antigenic challenge was stopped by washing in fresh
medium. Cells were counted and 1x10° cells were then
resuspended in 1 ml 1x PBS with DCFH-DA at a final
concentration of 10 pum. Cells were incubated for 15 min at 37°,
washed twice, and resuspended in 1 ml 1x PBS for flow
cytometry analysis. Emission of the trapped, oxidized DCF in
these mast cells pretreated with or without polyphenols was
then analysed at 510 nm on a FACScan (Becton Dickinson,
Mountain View, CA).

Histamine release

Mast cells (1 x 10°) were sensitized with IgE at 2 pig/ml in the
presence of different concentrations of rutin, CGA or NAC
overnight. Cells were washed, resuspended in Tyrode’s buffer
(135 mm NaCl, Smm KCI, 1 mm MgCl,, 1-:8 mm CaCl,,
5-:6 mm glucose, and 20 mm HEPES, pH 7-4), and challenged
with 100 ng/ml DNP-BSA for 30 min at 37°. Two hundred
microlitre supernatants were then taken from the duplicate
samples and levels of histamine were determined against the
standard curve according to a quantitative histamine radio-
immunoassay kit obtained from Biomerica Inc. (Newport
Beach, CA).

RNase protection assay for cytokines

Levels of cytokine messages of polyphenol-treated mast cells
were determined by RNase protection assay (RPA) with
RiboQuant™, mCK-1 kit (for interleukin (IL)-4, IL-5, IL-10,
IL-13,1L-15,1L-9,1L-2,IL-6, interferon-y (IFN-vy)),and mCK-3
kit (for tumour necrosis factor-f§ (TNF-p), leukotriene-p (LTp),
TNF-a, IL-6, IFN-v, transforming growth factor-p1 (TGF-B1)
and TGF-B2) from PharMingen (San Diego, CA). Mast cells
were cultured overnight in T-75 flask at 1 x 10%m] conditioned
medium in the presence of IgE at 2 pg/ml with or without rutin or
CGA. Cells were then harvested and challenged with DNP-BSA
at 100 ng/mlfor 15 min, 1 hr,and4 hrat37°. Cells were pelleted,
total RNA extracted with TRI Reagent®. Cytokine messages
were calibrated with housekeeping genes as standard by a
Phospholmager (Molecular Dynamics, Sunnyvale, CA). Units
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of expression were computed by dividing the intensity of the
individual band over that of L32 gene in the respective lane. This
minimized variations due to different amount of RNA loading
from each RNA preparation.

RESULTS

Ascertainment of free tobacco polyphenols in smokeless
tobacco extract and their capacity to scavenge ROS

It is not known whether polyphenols exist in free form in non-
pyrolysed smokeless tobacco extract.?? Thus, we first analysed
the spectrum of small molecules present in tobacco leaf extract.
Supernatants were obtained after spinning at 11 951 g of a
water extract of tobacco leaves, and further dialysed at the
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membrane MW cut-off of 1000. Figure 1(a) shows a complex
elution profile of crude SM-STE, equilibrated in 0-1% TFA and
eluted with a gradient of acetonitrile from 20% to 70% in
45 min by analytical RP-HPLC on a C18 column. As shown in
Fig. 1(b), the crude SM-STE displayed multiple small mole-
cules ranging from MW of 139-630, and the molecular species
of 353 and 610 correspond to CGA and rutin, respectively.
Next, hydrophilic materials eluted around 3 min (Fig. 1a) from
the first analytical HPLC purification were collected, and were
further subject to another round of analytical RP-HPLC. As
shown in Fig. 1(c), the purified material was resolved into a
single peak around 3 min. As shown in Fig. 1(d), this purified
material was again determined to be CGA by mass spectro-
metry.

We proceeded to determine whether pure tobacco poly-
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Figure 1. Purification and characterization of non-pyrolysed, naturally occurring polyphenolic antioxidants in tobacco leaf extract.
(a) Profile of SM-STE by RP-HPLC. SM-STE with MW of 1000 cut-off were prepared as described in Materials and Methods. One

hundred pl of SM-STE were subjected to RP-HPLC (0-1% TFA;

ACN 20% to 70% in 45 min) on a C18 column by a Dynamax

Rainin’s HPLC Method Manager System. (b) Ionogram of SM-STE. M.W. of SM-STE was determined by a SCIEX-API 100 mass
spectrometer (Perkin-Elmer) based on ionic spray and subsequent TOF mass determination of the ionized molecular species. (c)
Second RP-HPLC of hydrophilic substance obtained from initial purification from (a). (d) Mass determination of CGA in the purified

peak of the second round of RP-HPLC from (c).
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Figure 2. Inhibition of ROS production in antigen—IgE-activated mast
cells by polyphenolic antioxidants. MC/9 mast cells (1 x 10%) were
incubated with 2 pg/ml IgE along with rutin and CGA at 1-160 pg/ml
overnight (a, dose responses). Cells were washed, and challenged with
100 ng/ml DNP-BSA from 1 to 24 hr post-antigenic challenge (b,
kinetics). Cells were washed, viability determined by trypan blue and
1 x 10° cells were then incubated with DCFH-DA at 10 pu final, and
emission at 510 nm determined. Histograms of oxidized DCF for the
rutin/CGA-treated group versus control at 2 hr post-antigenic
challenge, including the medium and baseline controls were depicted
(c, FACS diagram).

phenols commercially obtained could modulate endogenous
ROS levels of mast cells. Constitutive superoxide anion
production was detected in mast cells.”®> ROS measurement
in mast cells was performed by uptake of reduced fluorescent
indicator, DCFH-DA, which is known to be oxidized by
H,0,.2! The resultant oxidized DCF was then determined at
510 nm. Tobacco polyphenols can scavenge inducible levels of
ROS in antigen-IgE activated mast cells. As shown in Fig. 2(a),
dose-dependent inhibition of ROS levels in antigen-IgE
activated mast cells was observed. Levels of ROS were
significantly dampened by rutin/CGA at 80-160 pg/ml. No
cytotoxicity was observed in activated mast cells treated with
antioxidants at different dosages. Figure 2(b) shows that ROS
levels rose in IgE-sensitized mast cells 1 hr post antigenic
stimulation, peaked around 2 hr and were maintained even
after 24 hr post-stimulation. Treatment of antioxidants
dampened ROS production by mast cells from 1 to 4 hr after
antigenic challenge, and ROS levels in antioxidant-treated mast
cells were recovered 8 hr post antigen challenge. Figure 2(c)
shows, in detail, the changes of ROS levels at 2 hr post-
antigenic stimulation. Resting mast cells exhibited constitutive
basal levels of ROS. Levels of ROS in mast cells were
augmented approximately 1 log of magnitude at 2 hr post-
stimulation. Enhanced levels of ROS as a result of antigen-IgE
activation were abrogated by pretreatment of tobacco poly-
phenols.

Effect of rutin and CGA on histamine release by antigen—
IgE-activated mast cells

Because mast cell degranulation is a central event of antigen—
IgE-activated mast cells, we determined whether treatment of
tobacco polyphenols affected this process. Mast cells were
sensitized overnight with IgE at 2 ug/ml in the presence of
different concentrations of rutin and CGA, and then
challenged with 100 ng/ml DNP-BSA. As shown in Fig. 3(a),
histamine release by antigen-challenged mast cells was
significantly inhibited when mast cells were preincubated
overnight with 40 pg/ml rutin and CGA, and more than 90%
of histamine release was inhibited by rutin/CGA at 160 pg/ml.
Because NAC, a sulph-hydryl-reducing agent, acts as an
antioxidant by directly replenishing endogenous glutathione,**
we compared the dosage responses of rutin versus NAC. As
shown in Fig. 3(b), about 67% and 90% of histamine release by
antigen—IgE-activated mast cells were inhibited by NAC and
rutin at 80 pg/ml, respectively. Approximately, 80 and 90% of
histamine release were inhibited by NAC and rutin at 160 pg/
ml.

Early cytokine gene expression in antigen-IgE activated mast
cells is upregulated by rutin and CGA treatment

It is well documented that multiple cytokine genes are
expressed in mast cells upon antigen—IgE challenge.>® There-
fore, we evaluated whether polyphenols modulate cytokine
gene expression in antigen-IgE activated mast cells. First, the
effect of polyphenols on kinetics of cytokine gene expression
was examined. As shown in Fig. 4, IFN-y mRNA was detected
in mast cells 15 min after antigen challenge, and its level peaked
at 1 hr, and declined at 4 hr post-stimulation. Polyphenols did
not affect basal IFN-y gene expression; moreover, treatment of

© 2000 Blackwell Science Ltd, Immunology, 100, 471-480
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Figure 3. Effect of polyphenolic antioxidants on histamine release by antigen—IgE-activated mast cells. Mast cells were sensitized with
2 ug/ml IgE in the presence of different concentrations of rutin/CGA for 24 hr in duplicate cultures. Cells were washed, resuspended in
Tyrode’s buffer (135 mm KCl, 1 mm MgCl,, 1-8 mm CaCl,, 5:6 mm glucose, and 20 mm HEPES, pH 7-4), and incubated with 100 ng/
ml DNP-BSA for | hr at 37°. Two hundred pl supernatant was then taken from the duplicate cultures. Levels of histamine were
determined against the standard curve according to a quantitative histamine RIA kit obtained from Biomerica Inc. (Newport Beach,
CA). Approximately 30% histamine was released in supernatants (350 +70 ng/10° cells) of antigen-IgE activated control mast cells.
Four such experiments were performed for different doses of antioxidants.

rutin/CGA augmented IFN-y mRNA twofold at during early
and 1 hr optimal induction following antigen challenge.

Next, the effect of different dosages of rutin and CGA on
cytokine gene expression was assessed in mast cells at 1 hr
following antigen challenge. As shown in Fig. 5(a), the basal
levels of cytokine mRNA in mast cells treated with rutin and
CGA alone were comparable to those treated with IgE or
medium control. In contrast, IL-10, IL-13 and IFN-y were
upregulated in antigen-challenged mast cells. Furthermore a
dose-dependent increase of cytokine mRNA for IL-10,
IL-13, IFN-y was observed in antigen-challenged mast cells
preincubated with rutin or CGA from 10 to 160 pg/ml.
Densitometric measurement (Fig. 5b) revealed about 200-—
300% increase for IL-10 mRNA at the optimal doses of
polyphenols, a 50-250% increase for IL-13, and a 250-300%
increase for IFN-y. Noticeably, there was less RNA loading in
Lane 7 (the group treated with 160 pg/ml CGA) of Fig. 5(b),
but upon standardization with the housekeeping gene as an
internal control, units of cytokine gene expression remained the
highest as shown in the centre panel of Fig. 5(b).

Likewise, as shown in Fig. 6(a), cytokine mRNA for TNF-a,
IL-6, and IFN-y were similar in cultures incubated with medium
alone, or treated with IgE, or rutin/CGA. Induced cytokine
messages in antigen-challenged mast cells were further augmen-

© 2000 Blackwell Science Ltd, Immunology, 100, 471-480

ted by pretreatment of rutin and CGA. Desitometric measure-
ment (Fig. 6b)revealed about 200% increase of mRNA for TNF-
o at the optimal doses of polyphenols, a 200-300% increase for
IL-6, and a 200-250% increase for IFN-y.

DISCUSSION

The salient observations of this study are: (i) tobacco
polyphenols, rutin and CGA were detected in non-pyrolysed,
small MW fraction of SM-STE; (ii) increase of intracellular
ROS was observed in mast cell line following antigen challenge
of IgE-sensitized mast cells and polyphenolic antioxidants
dampened levels of ROS in antigen-IgE-activated mast cells;
(iii) tobacco polyphenols inhibited histamine release, but
upregulated mRNA for multiple cytokines including, inter-
leukin (IL)-10, IL-13, IFN-y, IL-6 and TNF-o in antigen-IgE
activated mast cells. Thus, this study showed that polyphenolic
antioxidants differentially modulate two important effector
functions, histamine release and cytokine expression of
antigen-IgE activated mast cells.

Naturally occurring polyphenols, i.e. CGA and rutin
(quercetin-3-rutinoside), present abundantly in fruits, tea and
red wine,”*?’ are also present in tobacco leaves as shown in this
study. Polyphenols are known to exert three major antioxidant
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Figure 4. Time-course of IFN-y gene expression in polyphenolic antioxidant-treated, antigen-IgE activated mast cells. Levels of
cytokine messages of antioxidant-treated mast cells were determined by RNase protection assay with RiboQuant™, mCK-1 kit from
PharMingen (for IL-4, IL-5, IL-10, IL-13, IL-15, IL-9, IL-2, IL-6, IFN-y). Similar kinetics for various cytokine messages was noted,
and IFN-y was shown. Mast cells were cultured in T-75 flask at 1 x 10°%ml with 2 ug/ml IgE overnight in the presence of different
concentrations of rutin/CGA overnight. Cells were washed twice with Tyrode’s buffer, resuspended in conditioned medium, and
challenged at 37° with DNP-BSA at 100 ng/ml at different time-points. Cells were then pelleted, total RNA extracted and cytokine
messages calibrated with housekeeping gene as standard by a Phospholmager (Molecular Dynamics). Units of expression were
computed by dividing the intensity of the individual band over that of L32 gene in each respective lane. Mean and SEM of
densitometric readings of two similarly performed experiments are presented.

activities: scavenging ROS, chelation of transitional metal and
induction of phase Il detoxifying enzymes.?® Thus, they are
strongly implicated to play a role in chemoprotection for
inflammatory diseases and cancers.”* ! CGA, an ester of
caffeic acid and quinic acid, exerts anti-inflammatory effect,
reduces the mutagenic and genotoxic effects of cigarette tar and
protects against DNA damage in mice.>>** Rutin, present in
tea, fruit juices, and leaves of Ginkgo biloba, is known to break
the oxidative chain reaction initiated by oxidized low-density
lipoproteins (LDL), and is chemoprotective for coronary heart
diseases.** These two components were previously shown
conjugated to a variety of degraded or denatured proteins in
cigarette smoke condensates resulting from pyrolysis.*? Herein,
we ascertained that CGA and rutin also naturally exist in a free
form in non-pyrolysed smokeless tobacco extract, and which
act as antioxidants for directly scavenging ROS generated by
antigen—IgE-activated mast cells (Figs 1 and 2). Their quinonic
intermediate metabolites may also activate antioxidant genes;
i.e. the genes for DT-diaphorase, and glutathione peroxidase
that further ensure the reduced intracellular redox.?*>>

ROS are small diffusible molecules generated by normal cells
as side products of electron transfer reactions or environmental
stress. Oxidized, ester-free fluorescein, DCF, from DCFH-DA,
detected at 510 nm, mainly reflected endogenous levels of H,O,
generated caused by oxidative stress in mast cells (Fig. 2).
However, DCFH-DA does not directly measure levels of
superoxides and hydroxyl radicals.?! Although H,O, is more
stable, compared to other oxygen metabolites, it is possible that

superoxides required for producing H>O,, or the hydroxyl
radicals whose formation depends on pre-existing H,O, via
Fenton reactions,*® may also be pertinent species for signal
transduction. The role of the respective ROS or reactive nitrogen
species (RNS) in this model may be further tested with a
scavenger for the respective ROS/RNS.

Redox homeostasis may play a role in modulating
physiological/pathological states of many cell types.® >3
Oxidative stress is known to activate Src kinases in lympho-
cytes and neutrophils.>'%3” P21R® and protein kinase C
(PKC) that contain vicinal sulph-hydryl groups can be
activated directly by ROS,'"3¥%° while phosphotyrosine
phosphatases are inactivated by oxidative stress.>***! Our
observations support a role of ROS in modulating effector
functions of mast cells. We propose that release of prestored
mediator and de novo cytokine gene expression are mediated by
PKC and mitogen-activated protein kinase (MAPK) pathways,
respectively,*”** and these two pathways are differentially
influenced by polyphenol treatments.

PKC activation plays an important role in mast cell
degranulation.***** We propose that polyphenols inhibit
PKC activation and henceforth histamine release. Constitutive
superoxide production in cryostats of mast cell granules was
detected via deposits of 3,3’-diaminobenzidine (DAB)-Mn>*/
Co?* > whose formation depended in turn on the presence of
oxygen and intact oxidases. Thus, it appears that granules may
serve as the reaction centre for generating ROS, which then
permeate or diffuse to the adjacent cytosol and other

© 2000 Blackwell Science Ltd, Immunology, 100, 471-480
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Effect of antioxidants on cytokine gene expression of
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Figure 5. Dosage responses of IL-10, IL-13, and IFN-vy in antigen-IgE-activated mast cells treated with polyphenolic antioxidants.
The procedure was similar to that described in the legend to Fig. 4. RiboQuant™, mCK-1 kit from PharMingen was employed and
cytokine messages determined at 1 hr post-antigen challenge. (a) A representative autoradiogram. (b) Mean and SEM of

densitometric reading of three similarly performed experiments.

subcellular compartments. Different PKC isoforms were
known to be directly activated in response to H,O, stimuli.*
H,O, detected by DCFH-DA, trapped in the cytosol of
antigen-IgE activated mast cells, may therefore activate
cytosolic PKC directly. Consequently, scavenging ROS by
polyphenolic antioxidants inhibit mast cell degranulation
(Figs 2 and 3). This observation is in line with others: (i)
ROS generated by mercuric chloride treatment enhanced
histamine release by antigen-IgE activated mast cells, and
desferrioxamine or catalase reversed enhanced histamine
release;* (i) semiquinone oxidants enhanced mast cell
degranulation.*®

In contrast, MAPK pathway and its downstream activator
protein 1 (AP-1) transcription factor are considered important
for cytokine gene expression in mast cells.***4748 The
observations shown in Figs 4 and 6 prompt the hypothesis
that polyphenol treatment of antigen-IgE activated mast cells
leads to enhanced MAPK and AP-1 activation. Elevated
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intracellular glutathione may offer more protection to the
active vicinal sulphur catalytic centres of stimulatory CD45
than that of inhibitory phosphatases.®*'4%*° Cumulatively, the
outcome prolongs half-lives of phosphorylated Lyn and Syk
and downstream MAPK activation. Effector MAPK then
leads to activation of Elk-1 transcription factor that is required
for c-fos expression and AP-1 activation.’'>*> Thus far, there is
one study showing that overexpressed PKCfB1 but not other
isoforms plays a role in augmenting IL-2 messages in antigen—
IgE-activated RBL-2H3.5 Herein, we showed that polyphe-
nols potentiated expression of a wider variety of cytokines
(Figs 4-6). It is possible that downregulation of PKCB1 by
antioxidants may be readily compensated by sustained
activation of the MAPK and/or downstream transcription
factors caused by antioxidants. For example, antioxidants may
further ensure the supply of reduced form of redox factor-1
(Ref-1) that plays a critical role in maintaining the binding
activities of AP-1.*% Because the active form of AP-1 is an
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Figure 6. Dosage responses of TNF-a, IL-6 in antigen-IgE activated mast cells treated with polyphenolic antioxidants. The procedure
was similar to that described in the legend to Fig. 4. RiboQuant™, mCK-3 kit from PharMingen (LT, TNF-a, I1-6, IFN-y) was used
and cytokine messages determined at 1 hr post-antigen challenge. (a) A representative autoradiogram. (b) Mean and SEM of

densitometric readings of three similarly performed experiments.

integral constituent of nuclear factor of activated T cells
(NF-AT) complexes, as demonstrated in mast cells,” interac-
tions of NF-AT and AP-1 were documented as crucial for
cytokine gene expression in mast cells and other cell
types. 474852

Mast cells have been well documented as expressing a
spectrum of cytokines, which mediate both inflammation and
defence.”® T helper 2 (Th2) cytokines IL-10, IL-13, Thl
cytokine IFN-y, and inflammatory cytokines, TNF-a, IL-6
were inducible upon immunological challenge, and were
further augmented by tobacco polyphenols (Figs 5 and 6).
IL-4 expression in our measurement was weak and variable
despite immunological challenge concomitant with polyphenol
stimulation (data not shown). The consequence of cytokine
production by a polyphenol-modulated mast cell in the
inflammatory lesion depends in turn on its interactions with
other cell types, and the outcome is likely complex. Thus, [FN-
v and IL-13 produced by mast cells can positively or negatively
influence mast cell functions via other cell types. Nitric oxide
(NO) produced by IFN-y-activated macrophages in turn can
inhibit IgE-mediated mast cell degranulation.’” IFN-y can
indirectly also inhibit mast cell activation by downregulating
IgE production. In contrast, IL-13 can enhance IgE production
and IgE-mediated mast cell activation.*®

Development of the immune competence is constantly

affected by antigenic selection, costimulatory signals as well as
the metabolic microenvironment determined by status of
nutrition and habitual uses of substances whereby selection
and costimulation of lymphocytes take place. Evidence from
both basic and clinical studies suggests an important role of
pyrolysed tobacco polyphenols in IgE-mediated immediate
hypersensitive diseases in cigarette smokers.'®'” On the other
hand, intact polyphenols from smokeless tobacco may be
chemoprotective against mast cell degranulation, while upre-
gulating cytokine genes expression. Herein, we provide a model
to examine the role of natural occurring polyphenolic
antioxidants, readily available through food or consumption
of smokeless tobacco, on antigen—IgE-activated mast cells.
Thus, polyphenols obtained from various sources may act
similarly to modulate two important effector functions of mast
cells, i.e. degranulation versus cytokine gene expression. The
potential outcome of intake of polyphenols through different
sources on IgE-mediated allergy depends on a balance of these
two effector functions, and the molecular targets of poly-
phenols in the respective pathway need to be ascertained.>*
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