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UVA irradiation triggers calcium oscillations in mast cells, which are obliterated completely
after sSiRNA down-regulation of NOX2 and associated subunits, consistent with the fact that
mast cells express predominantly NOX2.
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Abstract

Solar UVA radiation (320-400 nm) is known to have immunomodulatory effects, but
the detailed mechanisms involved are not fully elucidated. UVA irradiation has been
shown to induce calcium oscillations in rat peritoneal mast cells due to NAD(P)H
oxidase (NOX) activation, but the specific NOX isoforms have not been identified. In
the present work effects of UVA irradiation were investigated in isolated rat peritoneal
mast cells, in cultured rat mast cell line RBL-2H3, and in mouse bone
marrow-derived mast cells (BMMC). It was found that UVA irradiation by alternate
340/380 nm (3.2-5.6 uW.cm™) or by LED (380 nm, 80 pW.cm™) induced calcium
oscillations in isolated rat peritoneal mast cells, in RBL-2H3, and in BMMC. Such
UVA induced calcium oscillations resembled closely those induced by surface IgE
receptor (FceRI) activation. It was found that RBL-2H3 expressed high level gp91phox
(NOX2), p22ph°x, p67phox, p47ph°x, p40ph°x, Racl, Rac2, moderate level DUOX2, but
did not express NOX1, NOX3, NOX4, or DUOXI1. The specific cellular localizations
of gp91P"** (NOX2), p22P", p47°™* p67°"*, p40P™* and Racl/2 were confirmed by
immunocytochemistry. UVA-induced reactive oxygen species (ROS) production in
RBL-2H3 was completely suppressed by NOX inhibitor diphenyleneiodonium (DPI)
or by antioxidant N-acety-L-cysteine (NAC). siRNA suppression of gp91phox (NOX2),

2ph0x 7phox

p2 , p4 expression inhibited markedly UVA-induced calcium oscillations,
ROS and IL-6 / LTC,4 production in RBL-2H3. Taken together these data indicate that
NOX2 plays an essential role in UVA irradiation-induced calcium oscillations, ROS

and mediator production in mast cells.
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Introduction

Oscillatory increases in cytosolic calcium in different cell types including mast
cells ensure that multiple and specific signals are encoded. Calcium oscillations could
be induced by physiological concentrations of hormones and neurotransmitters'~,
bacterial cytotoxin or IgE**, but also by ultraviolet A irradiation (UVA, 320-400 nm)°.
Of the solar UV radiation, only UVA and UVB (290-320 nm) can reach the surface of
the earth, of which about 95% is UVA”®. Therefore UVA is of particular biological
significance. UVA can penetrate to skin dermis, to be absorbed by endogenous
photosensitizers in dermal fibroblasts, granular leukocytes, endothelial cells and mast
cells'”'2. UVA absorption by endogenous photosensitizers riboflavin, porhyrin, flavin
mononucleotide A, flavin adenine dinucleotide (FAD), B-nicotinamide adenine
dinucleotide (NAD) and [-nicotinamide adenine dinucleotide phosphate (NADP)
elicits photodynamic action and singlet oxygen (‘O,) generation'>"’,

We recently reported that low dose (1-10 pW.cm™) UVA irradiation activates
NAD(P)H oxidase (NOX), to produce reactive oxygen species (ROS), activate
phospholipase C, induce calcium oscillations in rat peritoneal mast cells®. The facts
that NOX inhibitor and antioxidant blocked completely UVA-induced ROS
production and calcium oscillations, that the fluorescence emission spectrum of single
mast cell displayed characteristic peaks of NAD(P)H*'®  all indicated that
UVA-irradiated mast cells produced ROS via NOX activation, although the NOX
isoforms responsible have not been identified’. Here we have extended our previous
work to find that UVA irradiation by both alternate UVA irradiation (340/380 nm,
3.2-5.6 uW.cm™) and by LED irradiation (380 nm, 80 pW.cm™) induced calcium
oscillations not only in rat peritoneal mast cells, but also in cultured rat mast cell line
RBL-2H3 and in mouse bone marrow-derived mast cells (BMMC), which all
resembled closely calcium oscillations induced by IgE receptor (FceRI) activation.
We present strong evidence that such UVA-induced calcium oscillations were
mediated by the activation of NOX2, the isoform that all three types of mast cells
predominantly expressed. The present findings may open up new avenues for

NOX2-focused treatment of solar irradiation-induced skin conditions.
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Material and Methods

Reagents

Anti-dinitrophenyl  (anti-DNP) IgE  monoclonal antibody, catalase,
diphenyleneiodonium chloride (DPI) and N-acetyl-cysteine (NAC) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). DNP-BSA conjugate was purchased from
Alpha Diagnostic (San Antonio, TX, USA). Deoxynucleotide mix (ANTP), RNAase
inhibitor, Taq enzyme and dANTP were from Takara Biotechnology (Dalian, China).
M-MLYV reverse transcriptase was from Promega Corp (Madison, WI, USA). Fura-2
AM and 5-(and-6)-chloromethyl-2’,7’-dichlorodihydrofluorescein diacetate acetyl
ester (CM-H,DCFDA) were purchased from AAT Bioquest (Sunnyvale, CA, USA) or
from Invitrogen (Oregon, USA). Rabbit anti-p22P"*, anti-NOX2, anti-p67"* and
anti-Rac1/2 antibodies were from Abcam (Cambridge, UK). Rabbit anti-p40™™ and
goat anti-p47°" antibodies were from LifeSpan Biosciences (Seattle, WA, USA).
HRP-conjugated goat anti-mouse IgG, HRP-conjugated goat anti-rabbit IgG,
monoclonal mouse anti-f-actin, PVDF membrane and ECL Western blot kit were
from Beijing Kangweishiji (Beijing, China). Rat IL-6 ELISA kit, recombinant mouse
stem cell factor (SCF) and IL-3 were from Invitrogen (Camarillo, CA, USA). Rat
LTC,4 ELISA kit was from Cayman Chemical (Ann Arbor, MI, USA).
Isolation of rat peritoneal mast cells

Rat peritoneal mast cells were obtained as reported® from rat of the
Sprague-Dawley strain (200-400 g). The harvested ascites was centrifuged (100 g,
2x5 min), mast cells were readily identified by their large size, granular structure, and
were re-suspended in Krebs-Ringer buffer before use.
Mast cell culture and IgE sensitization

RBL-2H3 cells obtained from Shanghai Institutes of Biological Sciences,
Chinese Academy of Sciences were grown in minimal essential medium (MEM;
Hyclone) supplemented with 10% FBS (Hyclone), 100 U.ml” penicillin and 100
pg.ml™” streptomycin (GIBCO), in a humidified atmosphere with 5% CO, at 37°C.
Mouse bone marrow-derived mast cells (BMMC) were prepared from femurs of 4- to

8-week-old ICR mice as reported™. Cells were cultured in RPMI 1640 (Hyclone)
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supplemented with 10% fetal bovine serum (FBS) (Hyclone), 100 U.ml" penicillin
and 100 pg.ml” streptomycin (GIBCO), rIL-3 (5 ng.mL™") and SCF (5 ngmL") in a
humidified atmosphere with 5% CO; at 37°C. BMMC were grown for 4 - 6 weeks
before use (> 95% mast cells).

For IgE sensitization, RBL-2H3 cells were plated on 100-mm culture dishes or
in 6-well plates (cell density 10° cells / ml) and incubated with anti-DNP IgE (1
ng.mL™") at 37 °C overnight. Peritoneal mast cells and BMMC were sensitized with
DNP-specific IgE at 100 ng.mL™" for 2 hrs at 37°C.
Calcium measurements and UVA irradiation

Mast cell calcium concentration was measured as reported, either in a DeltaRam
V-PMT-based system (for Figs. 1A, 2, 6D, S3 in the present work) or a DeltaRam X -
CCD-based system (for Figs. 1B, 1C) for individual or multiple cell measurements
respectively'*®. Mast cells were loaded with Fura-2 AM (to a final concentration of
10 uM) in Krebs-Ringer buffer for 30 min at 37°C before attachment to the bottom
cover-slip of a Sykes-Moore perfusion chamber. Perifused mast cells sensitized with
anti-DNP IgE were stimulated with DNP-BSA to trigger calcium increases. Naive
mast cells (not treated with IgE) were irradiated with UVA. The in-system
monochromator (DeltaRam V, PTI
Inc., New Jersey, USA) was used as a UVA light source (alternating at 340 / 380 nm
at 1 Hz). UVA light intensity was increased by changing monochromater slit width
(both in and out) from 2 to 3 or 4 nm (with irradiance from 1.5, to 3.2 or 5.6 uW.cm™
respectively; equivalent to 0.90, 1.92, 3.36 mJ .cm™in 10 min, and to 1.80, 3.84, 6.72
mJ.cm™ in 20 min), with continued calcium monitoring at increased slit-width (note
the decreased noise level). Basal calcium was measured with the slit-width set at 2 nm
(which had no effect on basal calcium concentration), with excitation alternating
between 340 nm / 380 nm and emission at > 510 nm. An LED UVA monochromatic
light source (380 nm, Lamplic, Shenzhen, China) was also used, as an outside UVA
source, to irradiate mast cells from above, with an irradiance of 80 uW‘cm'2 .
Reverse transcription-PCR detection of NOX isoform and subunit expression

Total RNA was prepared using TRIzol reagent (Invitrogen). Total RNA (2 ng)
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was reverse transcribed, the resultant cDNA subjected to polymerase chain reaction
(PCR). Primer sequences and expected sizes of the PCR products are shown in Table
1. Cycle conditions were as follows: preheating at 94°C for 3 min, followed by 30
cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 30 s, then extension at 72°C for 10
min. PCR products were separated by electrophoresis on 1.5% agarose gel and
imaged under ultraviolet light after staining with ethidium bromide. The
house-keeping gene GAPDH was used as internal control.
Immunocytochemical identification of NOX2 and subunits

RBL-2H3 or BMMC were seeded on cover-slips and cultured overnight. Freshly
isolated rat peritoneal mast cells were attached to Cell-Tak-coated cover-slips. Mast
cells were fixed in paraformaldehyde 4% then permeabilized in Triton X-100 (0.2%).
Non-specific binding in permeabilized cells was blocked in normal goat or rabbit
serum. Mast cells were then incubated with primary antibodies rabbit anti-gp91ph°X
(NOX2), anti-p22°™*, anti-p67°", anti-p40P"*, anti-Rac1/Rac2, or goat anti-p47°"
overnight at 4°C. After thorough wash, cells were incubated with secondary
Cy5-conjugated goat anti-rabbit antibody or rabbit anti-goat (for p47°™*) IgG
antibody. Cell nucleus was stained with Hoechst 33342. Fluorescence images were
taken in a laser scanning confocal microscope (Zeiss LSM 510 META), under a 63
X/ 1.40 oil objective.
Measurement of ROS Production

The production of intracellular ROS was measured using the ROS-sensitive
fluorescent probe CM-H,DCFDA. Mast cells (10°mL™) suspended in Hanks
balanced salt solution (HBSS) were incubated with CM-H,DCFDA (final
concentration 5 pM) for 30 min, cells were then washed, re-suspended, and aliquoted
at 150 pL per well. RBL-2H3 in the 96-well plate were placed in a microplate reader
(Infinite® F200 PRO, TECAN), baseline fluorescence was measured (Fy) before
irradiation with the LED UVA light source (80 puW.cm™ for 2 min), DCFDA
fluorescence intensity (F) was then measured at 2 min intervals for 20 min with
excitation / emission wavelengths at 485 / 535 nm respectively. DCFDA fluorescence

intensity after UVA irradiation was then subtracted with baseline cell fluorescence, all
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data points was then expressed as net increase in fluorescence (F-Fy). In experiments
shown in Fig. 6C, such net fluorescence increase was normalized to that of scramble
control-treated mast cells (F/Fsc). For inhibitor experiments, RBL-2H3 cells were
incubated with DPI or NAC for 30 min before CM-H,DCFDA addition.

RNAI down regulation of NOX2 and subunit expression

Small interfering RNAs (siRNAs) and scramble controls were synthesized by
Genema (Shanghai, China). Specific siRNA sequences are shown in Table 2.
RBL-2H3 cells were grown in 6-well plates overnight at confluency of 50-70%.
Mixed siRNA and transfection reagent X-tremeGENE-siRNA in Opti-MEM medium
was diluted (1:10) in growth medium, to obtain a final siRNA concentration of 100
nM. RBL-2H3 cells were treated in this siRNA-containing medium for 6-8 hrs before
further growth in normal medium for a total of 24 hrs. Cell mRNA was then extracted
to measure gene knockdown level by quantitative PCR (Q-PCR) as follows.

Total RNA (100 ng) was reverse transcribed. The resultant cDNA was subjected
to real-time PCR with SYBR Green mix (BioRad), in IQ5 (BioRad). Specific primer
sets were as follows (listed from 5°-3’; forward and reverse, respectively): NOX2,
AGCATCCATATCCGCATTG and CCACTAACATCACCACCTC;  p22°x,
GAGCGGTGTGGACAGAAG and CAGCAGTAAGTGGAGGACAG; p47™™,
GAAGAAGCCAGAGACATACC and CTACGACATCCACCACATC. Reactions
were performed in a volume of 20 pl containing primers (0.5 pM). The PCR protocol
consisted of an initial de-naturation step at 95 °C for 5 min and 40-45 cycles of
de-naturation (95°C for 30 s), annealing (50 °C for 30 s), and extension (72 °C for 20
s), melting curve analyses were performed from 65 to 95 °C (0.5 °C / 15 s). After
completion of PCR, the copy number of the target genes was calculated by plotting
fluorescence intensity against cycle numbers. The expression level of target genes was
evaluated by the ratio of the target mRNA to that of GAPDH.

LTC, and IL-6 ELISA assays

Down-regulation of RBL-2H3 gp91™™* (NOX2), p22P™* or p47""* expression

by siRNA was performed 24 hrs before UVA irradiation. LTC4 and IL-6 in culture

medium were measured by ELISA kits according to manufacturer’s instructions.
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Statistical analysis

Each experiment reported here has been done at least three times on different
days, for peritoneal mast cells also from different animals. Data are expressed as mean
+ SEM and plotted with SigmaPlot. To examine the differences between experimental

groups, Student’s T test was used, with P < 0.05 taken as statistically significant.
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Results
IgE receptor activation induced calcium oscillations in mast cells

To activate or cross-link plasma membrane IgER, rat peritoneal mast cells,
RBL-2H3 and BMMC were first sensitized with anti-DNP-BSA IgE as described in
Methods. In IgE-sensitized mast cells IgE molecules were bound to mast cell plasma
membrane. These cells were loaded with Fura-2 AM, perifused, the IgE molecules
bound to mast cell surface were then cross-linked with antigen DNP-BSA at different
concentrations (Fig. 1A-1C). Such cross-linking stretchs the plasma membrane to
activate intracellular calcium increase. In control peritoneal mast cells without
addition of any DNP-BSA, a steady baseline was observed (Fig. 1Aa). DNP-BSA at
10 pug.L! initiated sparse calcium spikes (Fig. 1Ab). DNP-BSA at 30 pg.L" produced
regular baseline calcium oscillations (Fig. 1Ac). DNP-BSA at 100 pg.L”' resulted in
plateau oscillations (Fig 1Ad), whereas DNP-BSA at 300 pg.L"' induced plateau
oscillations which gradually decayed into a low steady plateau (Fig 1Ae). DNP-BSA
(0.1-100 ng.L™h in IgE-sensitized RBL-2H3 produced similar
concentration-dependent effects (Fig. 1Ba-Be). Senzitized RBL-2H3 showed steady
baseline level calcium in the absence of any DNP-BSA addition (Fig. 1Ba).
DNP-BSA 0.1 pg.L" had little effect (Fig. 1Bb). DNP-BSA 1 pg.L" triggered low
amplitude low frequency calcium spikes, but with a rather long latency (Fig. 1Bc).
DNP-BSA 10 pg.L™" produced in RBL-2H3 regular baseline calcium oscillations (Fig.
1Bd), whereas DNP-BSA 100 pg L' resulted in more robust calcium oscillations over
an elevated plateau (Fig. 1Be). Sensitized BMMC without DNP-BSA crosslinking
showed baseline calcium level (Fig. 1Ca), BMMC stimulated with DNP-BSA at
1-100 pg.L" produced concentration-dependent calcium oscillations, with DNP-BSA
1 pg.L"' showing no effect (Fig. 1Ch). DNP-BSA 10 pg.L™ elicited sparse calcium
spikes (Fig. 1Cc). DNP-BSA 30 pg.L" induced regular baseline calcium oscillations
(Fig. 1Cd) whereas DNP-BSA 100 pg.L™" triggered high frequency oscillations over
an elevated plateau (Fig. 1Ce). These data indicate that in all three mast cell types,
IgE receptor activation induced concentration-dependent generation of calcium

oscillations.
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UVA irradiation induced calcium oscillations in mast cells

UVA irradiation-induced calcium oscillations were reproduced in mast cells (Fig.
2A-2C). When the monochromater slit width was maintained at 2 nm, steady baseline
calcium was observed (Fig. 2Aa). With monochromator slit width increased to 3 nm,
sparse calcium oscillations were observed; once the oscillations occurred, the
oscillations could be maintained at slit width 2 nm (Fig. 2Ab). With the
monochromator slit width increased from 2 to 4 nm, calcium oscillations appeared
with a shorter latency; calcium spikes were regular, and spike amplitude was
enhanced; such oscillations could be maintained for a long time when slit width was
switched to 3 nm (Fig. 2Ac).

Similar to freshly isolated peritoneal mast cells, UVA irradiation induced
calcium oscillations in RBL-2H3 (Fig. 2B). Steady baseline calcium was observed at
monochromator slit width of 2 nm (Fig. 2Ba). Calcium oscillations emerged when slit
width was increased to 3 nm, which persisted when slit width was switched back to 2
nm (Fig. 2Bb). At slit width of 4 nm, the UV A-induced calcium spikes were regular
with enhanced magnitude; those oscillatory spikes persisted when monochromater slit
width was switched to 3 nm (Fig. 2Bc). Therefore UVA irradiance at 3.2-5.6x10°
W.cm™ was able to trigger calcium oscillations in RBL-2H3 (Fig. 2Ba-2Bc). Similar
calcium increases were also found in BMMC. When monochromater slit width was
maintained at 2 nm, a steady baseline calcium was seen (Fig. 2Ca). When the slit
width was increased from 2 nm to 3 or 4 nm, calcium concentration increased, the
latency for calcium increase was longer at slit width of 3 nm than at 4 nm (Fig.
2Cb-2Cc). In BMMC, calcium oscillatory patterns after UVA irradiation were less
profound (than peritoneal and RBL-2H2 mast cells). Taken together, these data
indicate that UVA induced similar irradiance-dependent calcium oscillations in all
three mast cell types.

An external LED UVA source (380 nm) induced similar oscillatory calcium
increases in RBL-2H3 (Fig. 2D). In these experiments, the monochromator slit was
maintained at 2 nm, with steady baseline calcium. Brief irradiation from a LED

source (80 ],LW.cm'2 for 2 min) induced marked calcium oscillations (Fig. 2D).
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Expression and subcellular localization of NOX isoform and subunit in mast cells

Although isolated peritoneal mast cells showed robust calcium oscillations after
IgE cross-linking and UVA irradiation, peritoneal mast cell preparation is a mixture
containing other cell types. Although this will not affect single cell measurements
under the microscope, purified mast cells are needed to detect NOX isoform and
subunit expression, to avoid contamination from other cell types. For such works
RBL-2H3 was used.

Of rodent NOX isoforms (NOX1-4, DUOX1/2) and subunits (p22°™*, p67°",
p477"* p40P"** Rac1/2), RT-PCR experiments revealed high expression of gp91™"™
(NOX2), p22P"* p67°™* pa7°™* p40P™ Racl, Rac2, moderate expression of
DUOX2 in RBL-2H3, but no expression of NOX1, NOX3, NOX4, NOXO1, NOXAI,
or DUOXI; significant expression of each was found in the respective postitive
control tissues or cells (colon, hepatocytes, brain, kidney, thyroid gland)(Fig. 3A).
Colon, hepatocytes, brain, kidney and the thyroid were used as positive control tissues
because they have been reported rather convincingly in the literature to express high
levels of NOXI1/NOXOI/NOXAI1, NOX2/associated subunits, NOX3, NOX4,
DUOX1/2 respectively and we have now confirmed such a consensus. The gp91°™*
(NOX2), p22P™* p67P", pd7™™*  p40P™* Racl, Rac2 were all expressed in
hepatocyte (Fig. 3A). Semi-quantitative analysis of expression levels of NOX1-4,
DUOX1/1, NOXO1, NOXAI, p67°™*, p47°"*, p40P™* Racl, Rac2 in RBL-2H3 and
in positive control tissues are shown (Fig. 3B). The gp91™™™* (NOX2) was expressed
at a ratio of about 10% GAPDH level in RBL-2H3, DUOX2 was just detectable at 1%,
but p22P"%, p677", p47P", p40P"*, Racl, Rac2 all showed expression ratios of >
70% (normalized to GAPDH expression level) in RBL-2H3 (Fig. 3B). As expected,
expression of NOX1, NOX2, NOX3, NOX4, NOXO1, NOXA1, DUOXI, p67"",

7phox Ophox

p4 , p4 , Racl, Rac2 was observed in the respective postitive control rat
tissues colon, hepatocyte, brain, kidney, thyroid, thyroid, colon, colon, hepatocytes
(Fig. 3A, 3B). Interestingly, hepatocytes expressed significant amount of gp91phox
(NOX2) and all associated subunits p22°", p67°", p47°"*, p40P"*, Rac1/2 (Fig. 3A,

3B). The expression levels of p22 P, p67 "', p47 P'** p40P"** Rac1/2 in RBL-2H3
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were higher than in hepatocyte controls (Fig. 3B). NOX2 (gp91°"™) expression in
RBL-2H3 was slightly lower than in hepatocytes (Fig. 3B).

The subcellular localization of gp91P"™

(NOX?2) and subunits was examined by
immunocytochemistry (Fig. 4). The catalytic subunit gp91°"* (NOX2) and regulatory
subunits p22P"%, p67""%, p47P% p40P"* Racl/2 were readily detected in peritoneal
mast cell (Fig. 4Aa-4Af). Mast cells were easily distinguished from other cell types by
their granular structure (indicated by green arrows). NOX2 (Fig. 4Aa) and p22P™*
(Fig. 4Ab) were found concentrated in a ring around the cell nucleus, as well as
p67°"* (Fig. 4Ac), p47°"* (Fig. 4Ad), p40P™™* (Fig. 4Ae), and Racl/2 (Fig. 4Af). Note
the lack of presence of NOX2 and subunits in the nucleus (Fig. 4Aa-4Af), and the
lack of similar spatial distribution in non-mast cells (Fig. 4Aa-Af). Such profound
difference was particularly well-demonstrated in the case of Rac1/2 due to their strong
expression in non-mast cells (Fig. 4Af).

In RBL-2H3, gp917"* (NOX2)(Fig. 4Ba), P22"" (Fig. 4Bb), p67°™* (Fig. 4Bc),
p47°"* (Fig. 4Bd), p40°"* (Fig. 4Be), Racl/2 (Fig. 4Bf) were all present in a ring
around the nucleus, this region being wider than found in peritoneal mast cells (Fig.
4Bc-4Bf), but P22°"* (Fig. 4Bb) and p40°"* (Fig. 4Be) were also present in the
nucleus. Note the particular puncta pattern and high nuclear to plasma ratio of P22P hox
(Fig. 4Bb), and low nulcear to plasma ratio of p40°™* (Fig. 4Be).

Similar peri-nuclear presence of gp91°"™* (NOX2) was verified in BMMC (Fig.
4Ca), the presence of p47"™* and Rac1/2 in BMMC were also found (Fig. 4Cb, 4Cc).

The above data together indicate that gp91phOX (NOX2), p22ph°x, p67ph°X, p47ph°X,
p40ph°", Racl, Rac2 were all expressed both at the mRNA and protein levels in all
three mast cell types. Although DUOX2 mRNA was detected in RBL-2H3, DUOX2
protein was not detected by immunocytochemistry in either peritoneal mast cells or in
RBL-2H3 (not shown), indicating that DUOX2 function may not be vitally important
in mast cells.

Vital role for NOX2 in UVA irradiation-induced calcium oscillations, ROS and

cytokine production in mast cells

CM-H,DCFDA-loaded RBL-2H3 (10°mL™")(in 96-well plate) without UVA
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irradiation showed a steady level of baseline ROS, but when irradiated with LED
UVA (380 nm at 80 pW.cm™, for 2 min) generated significant amount of ROS
(compared with control) (Fig. 5). UVA irradiation (from -2 min to 0 min) induced
significant ROS production at min 2, which continued to increase, to reach a plateau
level at min 8, and remained at this plateau level until the end of the experiment (Fig.
5). UVA irradiation-induced ROS production was blocked almost completely when
RBL-2H3 were previously incubated with NOX inhibitor DPI (50 uM) or with
antioxidant N-acetyl-cysteine (NAC, 2 mM) for 30 min (Fig. 5), but extracellular
addition of catalase had no effect on intracellular ROS generation (Fig. S1). Further,
UVA alone did not induce any ROS in the absence of RBL-2H3 cells (Fig. S1). These
data indicated that both NOX activation and probably ROS was needed for maximal
ROS production, suggesting a possible positive feedback loop.

The expression of gp91™™™ (NOX2), p22P"*, p47°"* mRNA was down regulated
by interfering RNA (siRNA). For such experiments, RBL-2H3 were incubated with
specific siRNA at 100 nM (see Methods). Subsequent real-time quantitative PCR
revealed that gp91™™™ (NOX2), p22P™*, p47°" mRNA expression was reduced to
33%, 11%, 23% of scramble controls (P < 0.01) (Fig. 6A). After such siRNA
treatment, gp91P"™* (NOX2), p22P"*, p47™* protein expression in RBL-2H3, as
assessed by Western blot, was decreased to (26.32 + 3.56) %, (56.08 = 7.10) %,
(56.25 £ 4.56) % of scramble controls respectively (P < 0.05) (Fig. S2).
Immunocytochemistry further confirmed down regulation of NOX2, p22ph°X and
p47"™* proteins in RBL-2H3. In scramble control-transfected RBL-2H3, NOX2,
P22PhX - p47Pho% were readily detected. NOX2 and P47™™* were present in the
RBL-2H3 cell outside the nucleus, whereas P22P"* was found also in the nucleus in a
puncta pattern, similar to that shown in untreated control RBL-2H3 cells seen in Fig.
4. But after specific siRNA treatment against NOX2, P22P" P47P"* expression, the
fluorescence signal was markedly reduced in each case, further confirming that not
only mRNA but also protein expression was down-regulated (Fig. 6B).

In RBL-2H3 cells where gp91™™™ (NOX2), p22P', p47"™* expression was

down-regulated by siRNA treatment, UVA irradiation-induced ROS generation was
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reduced markedly in comparison with scramble controls (Fig. 6C). In these
experiments, ROS production in scramble control cells were taken as 1, and ROS
generation in specific siRNA-treated cells was normalized towards this reference
point. Both baseline (time zero) and UVA-irradiation-induced ROS generation was
reduced significantly after siRNA transfection of RBL-2H3 cells. The baseline ROS
was (60.02 £+ 0.02)%, (53.21 £ 0.21)%, and (79.04 £+ 0.09)% of scramble control (Fig.
6C). UVA irradiation-induced ROS production was markedly reduced at all time
points in siRNA-treated RBL-2H3 cells. At 6 min after UVA irradiation, for example,
ROS production was reduced to (42.17 £ 0.17) % after siRNS-NOX2 treatment,
whereas ROS production was reduced to (29.73 + 0.15) % after siRNA-P22P™*
treatment, and ROS production was decreased to (28.11 + 0.11) % of scramble control
after siRNA-P47"™* treatment (Fig. 6C). Such reduced ROS production was
maintained until the end of the experiment (Fig. 6C).

In RBL-2H3 with siRNA-down regulated gp91°™* (NOX2), p22°"*, or p47°"*
expression, UVA from either monochromator or LED source failed to induce
significant calcium oscillations, whereas time-matched scramble control-treated
RBL-2H3 still showed robust calcium oscillations after UVA irradiation (Fig. 6D). It
was found that UVA irradiation of the scramble control-treated RBL-2H3 cells
produced calcium oscillations at a slit width of 4 nm (Fig. 6Da-6Dc). But in
RBL-2H3 cells whose expression of gp91™™™ (NOX2), p22™*, p47""* was
down-regulated by siRNA, UVA irradiation produced no obvious calcium oscillations
(Fig. 6Df-6Dh). In the case of NOX2 or p47"™* down regulation, some blunt
fluctuations remained, but no calcium spikes occurred (compare Fig. 6Da with 6Df,
Fig. 6Dc with 6Dh). In the case of p22°"* down regulation, a complete flat line was
found (compare Fig. 6Db with Fig. 6Dg). But in all cases no hallmark calcium spikes
were found (Fig. 6Df-6Dh). Similarly, UVA irradiation from an LED source (380 nm
at 80 uW.cm™) induced calcium oscillations in scramble control-treated RBL-2H3
(Fig. 6Dd, 6De), but after down regulation of NOX2 and p47°" expression, LED
UVA irradiation produced only flat baseline calcium (Fig. 6Di, 6Dj). Such NOX2

down-regulation experiments proved unambiguously the pivotal role for NOX2 in
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UVA-induced ROS generation and calcium oscillations in RBL-2H3 mast cells. In
sharp contrast, it may be noted, the addition of extracellular catalase (at 400 U.mL™)
had no effect on UVA-induced calcium oscillations (Fig. S3).

In RBL-2H3 with siRNA-disrupted expression of gp91™* (NOX2), p22°"*,
p47""* respectively, UVA irradiation (LED, 80 pW.cm™ for 2 min)-induced IL-6 and
LTC, release was reduced significantly, in comparison with scramble controls (Fig.
6Ea, 6EDb). In scramble control-treated RBL-2H3 cells, UVA irradiation induced IL-6
release was increased from 1.00 £ 0.10 to 2.71 = 0.17 (N = 3) (Fig. 6Ea). Such UVA
stimulation was decreased to 1.94 + 0.16, 1.31 = 0.03, and 1.38 + 0.19 after
down-regulation of NOX2, p22°"* and p47°™* expression respectively (Fig. 6Ea). In
scramble control-treated RBL-2H3 cells, UVA irradiation induced LTC, release was
increased from 1.00 £+ 0.04 to 3.65 £ 0.12 (N = 3) (Fig. 6Ea). Such UVA stimulation
was reduced to 1.45 £ 0.27, 1.41 £ 0.37, and 1.24 £+ 0.11 after down-regulation of
NOX2, p22P™* and p47°"* expression with specific siRNA respectively (Fig. 6Eb).
Comparatively, UVA irradiation-induced LTC, release was more susceptible to siRNA
down regulation of NOX2, p22P"* and p47°"* than UVA irradiation-induced IL-6
release. This may reflect the fact that IL-6 was released after activation of nuclear
gene expression, whereas LTC,; was released after PLA2-mediated release of

arachidonic acid from plasma membrane phospholipids.
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Discussion

In the present work we have shown that UVA irradiation induced cytosolic
calcium oscillations in fresh isolated peritoneal mast cells, cultured RBL-2H3 and
mouse BMMC. UVA-triggered calcium oscillations were very similar to those
triggered by IgE receptor (FceRI) activation in all three types of mast cell. Reverse
transcription-polymerase chain reaction revealed high level expression of gp91P"*
(NOX2), p22P"* | pd7P"* p67P"% | p40P'** Racl/2, moderate expression of DUOX2,
but no expression of NOXI1, 3, 4, DUOXI1, NOXOI1, and NOXA1 in RBL-2H3.
Immunocytochemistry confirmed the subcellular distribution of gp91°™* (NOX2),
p22PIOX  pa7Phox e 7PhOx  hA(0PhOX  Rac1/2 in fresh isolated peritoneal mast cells, in
RBL-2H3, of NOX2, p47""* and Racl/2 in BMMC. UVA irradiation-induced ROS
generation was blocked by NOX inhibitor DPI and antioxidant NAC in RBL-2H3.
Down regulation by siRNA of gp91™™* (NOX2), p22™* p47""* expression
effectively suppressed UVA irradiation-induced calcium oscillations, ROS, IL-6 and
LTC4 production in RBL-2H3. All these indicate that NOX2 mediated UVA
irradiation-induced calcium oscillations and other functional changes in mast cells.

In the present paper we have extended our previous work in the following
respects. We have confirmed that other than the freshly isolated rat peritoneal mast
cells, UVA irradiation (alternating at 340 / 380 nm) also triggered calcium oscillations
in cultured rat mast cell line RBL-2H3 and in mouse bone marrow-derived mast cells.
Further, we have extended our previous work in that an outside continuous UVA
source (LED) at 380 nm was able to trigger calcium oscillations in RBL-2H3. Since
both RBL-2H3 and BMMC are more or less homogenous, the complications
associated with mixture peritoneal mast cell preparations are now overcome. The
present work identified NOX2 as responsible for UVA-induced calcium oscillations
therefore it would be interesting in the future to examine whether other isoforms
especially the monomeric NOX5 when expressed ectopically in a non-NOX
expressing cell line would result in calcium oscillations after UVA irradiation. In such
future works, the exact location of the responsible UVA-absorbing and 'O,-generating

chromophore(s) within or without the NOX protein could be identified.
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Activation of high affinity IgE receptor (FceRI) in mast cell leads to the release
of multiple pro-inflammatory mediators by degranulation, phospholipids metabolism,
and by increased gene expression, to release histamine, proteases, arachidonate
metabolites, chemotactic factors, and cytokines>'. The mast cell-line RBL-2H3 has
both mast cell and basophil characteristics, and shows typical FceRI mediated
signaling®. The FceRI cross-linking or cell surface stretching triggered mast cell
activation and calcium oscillations is a gold standard for testing mast cell function
This typically involves an IgE-binding or sensitization step, and a subsequent antigen
cross-linking step. In the present work, different concentrations of DNP-BSA were
used to activate mast cell and calcium oscillations were seen in all three mast cell
types: peritoneal mast cells, RBL-2H3 and BMMC (Fig. 1). DNP-BSA from 10-100
ng.L " induced calcium oscillations, concentrations commonly used for stimulating
mast cells (10-200 pg.L ™) 228,

As the major solar UV component on the surface of the earth, UVA is the most
biologically relevant. UVA has typical immunomodulatory effects and mast cells are

important in this process”'’.

Exogenous photosensitizer plus high dose UVA
de-granulate rat mast cells, low doses of UVA inhibit antigen or compound
48/80-induced mast cell degranulation'>*°. Although UVA pre-treatment inhibits
secretagogue-stimulated histamine release from human mast cell line HMCI and from
human skin mast cells'**'*% UVA at different doses (50 kJ.m™, 15 J.cm™) could
trigger sizable histamine release from rat peritoneal and human skin mast cells

1233 'UVA irradiation induces a cation-selective non-inactivating ion

respectively
current in RBL-2H3 or rat peritoneal mast cells’*. We have found that low dose UVA
irradiation activates NOX, sequentially to produce ROS, phospholipase C activation,
and calcium oscillations in rat peritoneal mast cells’. In the present work, UVA
irradiation from a monochromator (DeltaRam V, Photon Technology International
Inc.) alternating at 340/380 nm induced similar calcium oscillations in peritoneal mast
cells, RBL-2H3, and BMMC (Fig. 2A-2C), similar to an LED source (380 nm) in
RBL-2H3 (Fig. 2D). The dose range required to do so was 3.2 and 5.6 uW.cm™ for

the monochromater, and was 80 pW.cm™ for the LED. Such doses are similar to that

23-25
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reported in the literature for histamine release from rat peritoneal mast cells (50 J.m?,
33). It should be noted that in terms of latency, LED source induced faster response in
the present work.

It has been proposed before that a major ROS source in non-phagocytic cell is
NOX?™. This source has been confirmed before in UV A-irradiated rat peritoneal mast
cells®. The mast cell line RBL-2H3 mimicked peritoneal mast cells in UVA-induced
ROS generation and calcium oscillations (Figs. 2, 5). In the present work RBL-2H3
was found to express highly gp91P"™ (NOX2), p22P", p47°™* and p67™", Racl,
Rac2 and moderately DUOX2. The gp91°™* (NOX2) and p22P", p47°"* and p67°">*,
Racl/2 were all expressed outside the nucleus in peritoneal mast cells, RBL-2H3 and
BMMC (Figs. 3, 4). The p22™™* and p40P" were also conspicuous in the nucleus in
RBL-2H3 (Fig. 4B). Reverse transcription-polymerase chain reaction detected low
level DUOX2 mRNA in RBL-2H3, but DUOX2 immunocytochemistry revealed no
detectable signal (not shown). The lack of DUOX2 protein instead of mRNA in mast
cells could indicate that DUOX2 expression is regulated transcriptionally in
RBL-2H3.

Besides the mast cell and the hepatocyte, other cell types also typically express
NOX isoforms. Colon epithelial cells predominantly express NOX1 and associated
subunits NOXO1 and NOXA1%°. Pancreatic stellate cells express NOX1, NOX2,
NOX4"". Differentiated 3T3-L1 adipocytes express NOX4, to mediate free fatty acid
(palmitate)- and glucose-stimulated monocyte chemotactic factor gene expression™.
Intracellular NOX4 expression in the thyrocyte may be associated with thyroid
carcinogenesis or estrus cycling®. Human cardiac fibroblasts express NOX4 and
NOXS5 to mediate pathological cardiac fibroblast activation™’. Both endothelial cells
and keratinocytes express NOX1, NOX2, NOX4*'"*2, whereas some authors found all
NOX1-5 are present in human smooth muscle cell”’. At least NOX1 activity is found
in human lymphocytes*. DUOX2 is highly expressed in the thyroid, but also
expressed in salivary glands, respiratory tract epithelial cells, uterus, and
gallbladder**®. Although only subunits p22P"** and p40P™* were found in the nucleus

in RBL-2H3 (Fig. 3), human NOXI1-5 have all been reported to be conspicuously
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present in the nucleus of human vascular endothelial cells®.

All NOX isoforms mediate ROS production’**. LED UVA
irradiation-induced ROS increase in RBL-2H3 mast cells (Fig. 5) shows a time profile
similar to other cell types such as the keratinocyte®. UVA irradiation induced ROS
production and calcium oscillations in RBL-2H3 were both completely blocked by
antioxidant N-acetyl-cysteine and by NOX inhibitor diphenyleneiodonium chloride
(DPI) (Fig. 5), similar to peritoneal mast cells’. Down regulated expression of NOX2,
p22P"°% pa7Pho% by SiRNA (Fig. 6A, 6B) resulted in marked suppression of UVA
irradiation-induced ROS generation (Fig. 6C), calcium oscillation (Fig. 6D), IL-6 and
LTC4 production (Fig. 6E).

Mast cell is a major source of allergic and inflammatory eicosanoids and
cytokines*’”’. UVA activated NOX2 to produce ROS, which could then activate
phopholipase Cy to induce calcium increases (Fig. 6E, and®). Increased calcium then

activates cytosolic phospholipase A, (PLA,) to mediate arachidonic acid release®*"*%,

eventually leading to LTC, synthesis and release via the 5-lipoxygenase pathway”®>>.
LTC, release could further activate mast cell LTC,4 autoreceptor in a positive feedback
loop to intensify further LTC, release™. Increased calcium by activating transcription

factors such as NF-kB induces IL-6 synthesis and release®' >’

, in the present work
probably with the following sequence of events: UVA — 'O, - NOX2 — ROS — PLCy —
calcium oscillations — [PLA2 activation — LTC4 / NF-xB — IL-6] (Fig. S4).

UV irradiation generally does not trigger calcium oscillations in other normal
cell types. Other than the mast cell, the cancerous epithelial cell line HeLa has been
reported to show calcium oscillations after UV irradiation, but at higher irradiance:
300 milliWatt.cm™ (with un-specified UV spectrum range), but whether NOX is
involved in UV-induced calcium oscillations in HeLa cells is not known®. Such
difference in UV dosage indicates that it is much easier for UVA to induce calcium
oscillations in mast cells, it could also mean that UVA-induced calcium oscillations in
mast cells are probably more physiological, being associated with IL-6 / LTC,

production (Fig. 6E), than in HeLa cells, where UV-induced calcium oscillations have

been found to be associated with cell death™.
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In conclusion, NOX2 is identified in the present work to be the NOX isoenzyme
responsible for UVA irradiation-induced ROS generation, triggeration of calcium
oscillations and mediator production in mast cells. It will be interesting in the future
to determine whether it is possible to reconstitute UVA-induced NOX2 production of
ROS in a cell-free system, to determine whether and how 102 is involved in
UVA-induced NOX2 activation, and to clarify how ROS oxidatively activate the mast

cell PLCy to trigger calcium oscillations.
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Figure legends
Figure 1. IgE receptor crosslinking triggered calcium oscillations in mast cells.

Rat peritoneal mast cells (A), cultured RBL-2H3 (B), or mouse BMMC (C) were
sensitized as described with anti-DNP IgE, loaded with Fura-2 AM, perifused, then at
time indicated by the horizontal bars, DNP-BSA at indicated concentrations was
added. (A): Isolated rat peritoneal mast cells sensitized with anti-DNP IgE at 100
ng.mL" for 2 hrs. DNP-BSA perifused at 0 (a). 10 (b). 30 (c). 100 (d). 300 pug.L" (e).
(B): RBL-2H3 sensitized with anti-DNP IgE (1 pg.mL™) overnight. DNP-BSA
perifused at 0 (a). 0.1 (b). 1(c). 10 (d). 100 ug.L™ (e). (C): BMMLC sensitized with
anti-DNP IgE at 100 ng.mL'1 for 2 hrs. DNP-BSA perifused at 0 (a). 1 (b). 10 (c).

30 (d). 100 pg.L™" (e). Calcium measurements were done in the PMT-based system in
(A), and in the CCD-based system in (B, C). Calcium tracings in panel (A) each were
obtained from one individual cell, tracings in panels (B) and (C) were obtained from
several cells. All calcium tracings shown are representative of N (as indicated)

independent experiments.

Figure 2. UVA irradiation induced calcium oscillations in mast cells.
Fura-2-loaded rat peritoneal mast cells (A), cultured RBL-2H3 (B, D), or mouse
BMMC (C) were perifused, the monochromater slit-width was increased from 2 to 3
or 4 nm as indicated by the horizontal bars (A-C), or slit width was maintained at 2
nm but irradiated with an LED source (D). Calcium tracings in each panel (obtained
from one individual cell in the PMT-based system) are representative of N (as
indicated) independent experiments. UVA power for monochromater (alternating
340/380 nm) slit width 2, 3, 4 nm were 1.5, 3.2, 5.6 pW.cm™ respectively. LED power
was (380 nm, 80 pW.cm™).

Figure 3. RT-PCR detection of NOX mRNA expression in RBL-2H3. Mast cells
and positive control tissues or cells were processed, RT-PCR products separated on
1% agarose gel and quantitated. Representative gel images of NOX isoform mRNA

from RBL-2H3 and positive control tissues (colon, hepatocytes, brain, kidney, thyroid)
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were presented (A), with GAPDH mRNA served as internal control. Data from 3 or 4
independent experiments were analyzed, normalized to that of GAPDH, and
expressed as mean + SEM (B). Note that representative original images shown in
panel (A) were from 4 different experiments: (1) RBL-2H3 NOX2, p22P™* p67™",
p47P"* p40P"* Racl, Rac2; (2) RBL-2H3 NOX1, NOX3, NOX4, DUOX1, DUOX2,
NOXOI1, NOXAI; (3) Hepatocyte NOX2, p22P™* p67°™* pd7P™* pd0P"™ Racl,
Rac2; (4) Colon NOX1, NOXO1, NOXAT; Thyroid DUOX1, DUOX2; Brain NOX3;
Kidney NOX4.

Figure 4. Immunocytochemical detection of NOX isoforms or subunits gp91°P"
(NOX2), p22°M* p67P"™ pa7P"** p4a0P"™ Racl/2 in mast cells. Rat peritoneal mast
cells (A), RBL-2H3 (B), or mouse BMMC (C) were processed as described in
Methods. Primary antibodies against NOX2 (a), p22°" (b), p67°™* (c), p47"" (d),
p40°™* (), Rac1/2 () in panels (A) and (B), against NOX2 (@), p47°"* (b), Rac1/2 (c)
in panel (C), Cy5-conjugated secondary antibody were used (red). Mast cell nucleus
was stained with Hoechst 33342 (blue). In each panel (A-C) the first roll are merged
fluorescence images and second roll merged fluorescence and bright field images.
Arrows (green) in panel (A) indicate peritoneal mast cells. Confocal images were
taken in a laser scanning confocal microscope (Zeiss 510 META), with the following

excitation wavelengths: Cy5 at 633 nm, Hoechst 33342 at 405 nm.

Figure 5. UVA irradiation-induced ROS generation was blocked by NOX
inhibitor DPI or by antioxidant NAC in RBL-2H3 cells. RBL-2H3 loaded with
CM-H,DCFDA were aliquoted to 96-well plate, placed in a microplate reader,
baseline fluorescence (F0) measured, then irradiated with LED light (380 nm, 80
uW.cm?) for 2 min, DCFDA fluorescence then measured was subtracted with
baseline level and plotted. Control cells were not irradiated with LED. In separate
groups of mast cells, NOX inhibitor DPI (50 uM) or anti-oxidant NAC (2 mM) were
added 30 min before UVA irradiation. DCFDA fluorescence intensity was presented
as mean + SEM, N = 3. Asterisk (*) indicates P < 0.05.
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Figure 6. UVA irradiation-induced calcium oscillations, ROS and cytokine
production in RBL-2H3 were inhibited after siRNA down-regulated expression
of NOX2, p22°" or p47°"* (A) Real-time polymerase chain reaction (PCR)
detection of NOX2, p22P" or p47°"* mRNA expression. SC: scramble control.
Target gene expression was normalized to that of GAPDH. Asterisk (*) indicates P <
0.05. (B) Immunocytochemical detection of NOX2, p22P"* p47"™* SC: scramble
control. Anti-NOX2, anti-p22P"**, anti-p47""* primary antibodies and Cy5-conjugated
secondary antibody were used (red). Mast cell nucleus was stained with Hoechst
33342 (blue). Confocal images were taken in a laser scanning confocal microscope
(Zeiss 510 Meta), with the following excitation wavelengths: Cy5 at 633 nm, Hoechst
33342 at 405 nm. (C) UVA-induced ROS generation. SC: scramble control. RBL-2H3
were loaded with CM-H,DCFDA, and irradiated with an LED source (380 nm, 80
uW.cm?, 2 min). Fluorescence ratios (F/Fsc) were normalized to that of scramble
controls and presented as mean + SEM. Asterisk (*) indicates P < 0.05, N = 3. (D)
UVA irradiation-induced calcium oscillations. RBL-2H3 treated with scramble control
(Da-De) or target siRNA (Df-Dj) against NOX2, p22P"* and p47°"** were loaded with
Fura-2 AM, perifused and then UVA irradiated as indicated by the horizontal bars, by
a monochromater (Da-Dc, Df-Dh) or by an LED source (Dd, De, Di, Dj). Calcium
tracings shown were obtained from a PMT-based calcium measurement system and
each are representative of N independent experiments (N numbers as indicated). (E)
UVA irradiation-induced IL-6 and LTC4 production. At 24 hrs after transfection with
siRNA, RBL-2H3 were irradiated with UVA (80 pW.cm™, 2 min) and grown for a
further 24 hrs, medium IL-6 (Ea), LTC4 (Eb) were measured by ELISA and presented

as mean = SEM. SC, scramble controls. Asterisk (*) indicates P < 0.05, N = 3.
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Table 1
Sequence of PCR primers used to amplify NOX isoforms and subunits

Product

Gene Forward sequence Reverse sequence size (bp)
NOX2 ATGGAGGTGGGACAATACA CAGACTTGAGAATGGAGGC 313
NOX1 ATGGCA TCCCTT TAC TCT GA CATTGT CCCACATTGGTC TC 530
NOX3 TTTGGGCCCTGTGGTCTTGTATG AGTCTCCTGAGGCTCGGATGTGT 264
NOX4 CCCTAGCAGGAGAACAAGA AACAAGCCACCCGAAAC 372
DUOX1 ATACGAAGACAGCGTCATCCC GCGGCACATAGTGAGCAAAA 392
DUOX2 ACCTGGTCTTCAAATCGTCC CCACATTCTTGGTCATCCCT 387
p22Phex TCTATTGTTGCAGGAGTGCTCATC T TTG GTAGGTGGCTGCTTGATG 338
p47Phex CCTTCATTCGCCACATCG CATCATACCACCTGGGAGC 237
P67 TAT TCC ACC ACC TCC TAA CTC GCT GGGTAGCATCATAACTG 497
P4QP"* GGTCTGCGTGCTGATGGA CCAGTTGGTAGTGTCCTCGTC 358
NOXO1 TCCAAGACACCCAGTATCAGC CAGGCTATGAATGGCAAGG 464
NOXAL1 ATCCCTGATGACCACAACTCG TGGCACATTCCTCCATACACTC 435
Racl CCTGCCTGCTCATCAGTTAC AATCGTGTCCTTATCATCCCT 329
Rac2 ATGGAGCCGTGGGCAAGA TAGCGAGAAGCAGATGAGGAACA 211
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Table 2
SiRNA sequence

Target gene

siRNA sequence (5’ to 3”)

NOX2
(gp917™)

CCUGGAAACUACCUAAGAUTT; AUCUUAGGUAGUUUCCAGGTT

CCCAGAUGCAAGAAAGAAATT; UUUCUUUCUUGCAUCUGGGTT

CCUCCUAUGACUUGGAAAUTT; AUUUCCAAGUCAUAGGAGGTT

p22phox

ACUCUAUUGUUGCAGGAGUTT; ACUCCUGCAACAAUAGAGUTT

GAGCGGUGUGGACAGAAGUTT; ACUUCUGUCCACACCGCUCTT

GACUCCCAUUGAGCCUAAATT; UUUAGGCUCAAUGGGAGUCTT

p47phox

CACCUCUUGAACUUCUUCATT; UGAAGAAGUUCAAGAGGUGTT

CCAUCGAGGUCAUUCAUAATT; UUAUGAAUGACCUCGAUGGTT

GCCAACACUAUGUGUACAUTT; AUGUACACAUAGUGUUGGCTT

scramble control

UUCUCCGAACGUGUCACGUTT; ACGUGACACGUUCGGAGAATT
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