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Glutathione Conjugation and MRP1-Mediated Efflux Inhibit Nitrolinoleic
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ABSTRACT: Recent data has shown that nitrolinoleic acid (LIN@n electrophilic derivative of linoleic
acid, has several important bioactivities including antiinflammatory, antiplatelet, vasorelaxatiergsand

a novel potent ligand of PPAR-transcription regulating activities. Moreover, LN formed in abundance

in vivo at levels sufficient to mediate these bioactivities. In order to investigate the role of glutathione
conjugation and MRP1-mediated efflux in the regulation of PRARpendent LN@signaling, regioisomers

of LNO, were synthesized and characterized. Analysis by 1D an#2&nd3C NMR revealed that the
LNO, preparation consisted of four, rather than two, nitrated regioisomers in approximately equal
abundance. At physiologic pH and intracellular glutathione levels, £ W@s rapidly and quantitatively
converted to glutathione conjugates (LWESG) via Michael addition. MRP1 mediated efficient ATP-
dependent transport of LN©SG. Using a PPRE-containing reporter gene transiently transfected into
MRP-poor MCF7/WT cells, we verified that the LN@ixture was a potent activator of PPARIependent
transcription. However, expression of MRPL1 in the stably transduced MCF7 derivative, MCF7/MRP1-
10, resulted in strong inhibition of LN&induced transcription activation. Taken together, these results
suggest that glutathione conjugation and MRP1-mediated conjugate transport can attenudi®abiity

and thereby play important roles in the regulation of cellular signaling by .NO

The peroxisomal proliferator-activated receptd(PPARy) Recent evidence has suggested that the electrophilic,
is an important nuclear receptor that regulates many cellular nitrated derivatives of linoleic acid, nitrolinoleic acid (LNO
functions such as lipid homeostasis, adipocyte differentiation, are important lipid mediators of several biological processes
and inflammatory signaling14). Upon ligand binding, such as antiinflammatiori8), antiplatelet activity 14), and
PPARy facilitates heterodimerization with the retinoid X vasorelaxation X5, 16). Furthermore, recent studies have
receptor (RXR), recruitment of transcriptional coeffectors, shown that LNQis a potent activator of PPARdependent
and binding of the complex to PPAR responsive elements transcription indicating that LN©and other nitrated lipids
to regulate gene expressidbi(7). PPARy is the target for  such as nitrooleic acid (OA-N{Pcould prove to be important
the thiazolidinedione drugs used in the treatment of diabetesendogenous ligands for PPAR17, 18). Indeed, LNQ and
(8), and many studies have demonstrated PPABpendent  OA-NO, are found in plasma and red blood cells at levels

transactivation by lipid metabolite®€12). However, the  syfficient to mediate activation of PPARIependent tran-
most important endogenous ligands for PBARre still scription (L6, 17, 19).

unknown. We speculated that LNO-like 15-deoxyA'?prosta-
glandin 3 (15-d-PGJ), another electrophilic lipid activator
f This work was supported by NIH Grant CA 70338 (C.S.M.) and of PPARy previously studied in our laborator2@, 21)—is

T32 ES007331 (R.L.A.). - . . . .
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of Biochemistry, Wake Forest University School of Medicine, Medical that can be removed_ by the efflux tr?‘”SPF’rtera MRP1.
Center Boulevard, Winston-Salem, NC 27157. Tel: (336) 713-7218. Moreover, we hypothesized that GSH conjugation and MRP1
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LNO,—SG, glutathione conjugates of LNOMRP1, multidrug resis- WT) and MRP1-expressing (MCF7/MRP1-10) MCF7 de-
tance (or resistance-associated) protein 1 (ABCC1); MS, mass spec-ivatives, we demonstrate that GSH conjugation of LLNO

trometry; OA-NQ, (9 or 10)-nitro-9eis-octadecenoic acid (nitrooleic - ; i i
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EXPERIMENTAL PROCEDURES

Synthesis and NMR Analysis of LNOhe synthesis of
LNO, was modified from a previously published sour.&)(
Mercury(ll) chloride (3.8 g, 14 mmol), phenylselenyl bro-
mide (2.6 g, 11 mmol), and sodium nitirite (0.75 g, 11 mmol)
were added to a solution of linoleic acid (3 g, 11 mmol,
Nu-Chek Prep, Inc., Elysan, MN) in tetrahydrofuran:aceto-
nitrile (1:1, 70 mL) at room temperature under nitrogen. After
stirring for 4 h, the mixture was filtered and the solvent
removed under vacuum. The resulting residue was dissolve
in tetrahydrofuran (70 mL), and hydrogen peroxide (12.6
mL of a 30% solution, 110 mmol) was added with continuous
stirring at 0°C (ice bath). After 20 min, the solution was
allowed to warm to room temperature; this crude mixture
was extracted with hexane 200 mL), and the combined

Alexander et al.

electrospray source operating in the positive ion mode and
with the same parameters listed above. For daughter ion
analysis of LNQ—SG, the collision energy was 24 eV.
HPLC/ESI/MS/MS analysis of LN®-SG was accomplished

as above: for multiple reaction monitoring chromatograms,
the precursor iom/z 633 (LNO,—SG) was selected and
scanned for daughter ions at'’z 558, 504, and 457 as
discussed in the text.

LNO,—SG Formation: Synthesis and KinetitNO; (40

OIuM) was reacted with 2 mM GSH in 0.1 M sodium
Y

hosphate buffer (pH= 7.5) for 1 min at 25°C. For
structural analysis, a 2@l sample of the reaction was
injected for HPLC/ESI/MS/MS as described above. For
analytical and preparative HPLC, reactions were separated
using a C18 column (Beckman, Ultrasphere ODgn 4.6

x 250 mm): chromatography was done at 0.6 mL/min with

organic extracts were washed with saturated sodium chloride.1 oo solvent A (50% methanol, 0.05% TFA) for 5 min
The solvent was eva_porated under vacuum an.d the crudegiowed by a linear gradient to 100% solvent B (100%
product suspended in hexane:ether:acetic acid (70:30:1’methanol, 0.05% TFA) over 15 min and held at 100% solvent

v:v:v). The products were purified by silica gel (#@30

B thereafter. Elutions were monitored at 274 nm. These

mesh) column chromatography using hexane:ether:acetic acicynalyses verified that the 1 min reactions described above
(70:30:1, viviv) as the solvent system. Fractions were yqgited in complete conversion of LN@luting at 27 min)

analyzed on silica gel 60 plates (7230 mesh; EM Science,

to LNO,—SG (eluting at 22 min). For kinetic analysis, the

Gibbstown NJ) developed twice in hexane:ether:acetic acid gpsorpance was measured every second between 245 and

(70:30:1, v:v:v). Lipid products were visualized by bty
and by 0.6% potassium dichromate in 55% sulfuric acid
spray with charring. Fractions containing pure LN®
~0.5) were combined, concentrated to gi¢ g of LNG
(30% vyield), and stored at20 °C.

'H NMR spectra were recorded on a Bruker DRX-500
spectrometer using a BBO or TBI probe equipped with
axis gradients and processed with XWINNMR 3.6. All
acquisitions were carried out at 251 °C. All spectra were
referenced to the residual solvent peak of d-chlorofotith (
7.26 ppm and*C 77.00 ppm). 10H and*3C experiments

295 nm on a DU 7400 UVvisible spectrophotometer
(Beckman Coulter, Fullerton, CA). Reaction progression was
monitored as increasing absorbance at 245 nm with conjugate
formation. To obtain the pseudo-first-order rate constant,
data were fitted to the equation

A=A, — (A, — Age
whereA,, A., andA, are absorbances at timig ¢qualst, oo,

and 0, respectively. The second-order rate conskaniyas
calculated fromk;.

were collected using standard Bruker parameter sets. The Radiolabeled LN@-SG was purified by preparative

gradient selected 2D COSY, HMQC, and HMBC experi-
ments were collected with 512 points in F1 and 2048 in F2.
The 2D data were processed to 10241024 points using
standard apodization functions in both dimensions.
HPLC/ESI/MS/MSFor direct infusion, LNQ was resus-
pended in methanol to a final concentration ofi/d. The
sample was injected directly into a Micromass Quattro Il
mass spectrometer equippediwdt z spray source and triple

HPLC (above) from reactions (1 min, 2%C) in 0.1 M
sodium phosphate (pH 7.5) containing 200 LNO, and
50 uM total GSH (including [glycine-2H]-GSH; final
specific activity~2.5 uCi/nmol).

Cell Lines and CultureCell lines used were parental
MCF7 cells (MCF7/WT, MRP1-poor) and the derivative,
MCF7/MRP1-10: a cell line stably transduced with a MRP1
expression vector as described previougg)( Cells were

quadrupole analyzer. The instrument was operated in thegrown in Dulbecco’s modified Eagle medium (DMEM)

negative ionization mode with the capillary voltage set to

supplemented with 10% fetal bovine serum (FBS) atGy

3.87 kV, the sampling cone set to 19 V, and the desolvation 5% CQG..

temperature set to 200C. For daughter ion analysis, the
collision energy was 19 eV. For analysis of the GSH
conjugate of LNQ (LNO,—SG), HPLC/ESI/MS was uti-
lized. HPLC was with a Hewlett-Packard 1100 equipped with
a Discovery BIO Wide Pore g 3 uM, 15 cm x 2.1 mm

Formation of LNQ—SG in CellsCells (2x 108/100 mm
dish) were treated with M LNO, for ¥, h in Hanks
buffered saline solution (with Mg, Ca, and glucose; Invit-
rogen). At the end of this incubation, cells were immediately
washed three times in Hank’s solution and lysed in 1 mL of

(Supelco, Bellefonte, PA). The mobile phases consisted of methanol/acetic acid (99.9/0.1). Insoluble debris was pelleted

50% methanol, 50% water, 0.1% acetic acid (solvent A),

from the methanol extract by centrifugation (12608 min,

and 100% methanol, 0.1% acetic acid (solvent B). Samples4 °C) and the supernatant stored on dry ice until analysis by

(25uL) taken directly from the LN@and GSH (see below)
(Sigma-Aldrich, St. Louis, MO) reaction were chromato-
graphed at 20QuL/min before entering the electrospray

source. HPLC separation began at 100% solvent A (5 min),

followed by a linear gradient to 100% solvent B (20 min),
which was then held at 100% solvent B for 10 min.
Approximately 12% of the HPLC eluate was diverted to the

mass spectrometry.

MRP1-Mediated Transport StudigsTP-dependent uptake
of 3H-LNO,—SG into inside-out membrane vesicles isolated
from MCF7/WT (MRP1-poor) and MCF7/MRP1-10 (trans-
duced, MRP1 expressing) cells was accomplished as de-
scribed previously 22, 23). Results reported as ATP-
dependent uptake were calculated by subtracting transport
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in the presence of nonhydrolyzable ATP analogue, AMP- 304
PCP, from transport observed in the presence of ATP. A
PPAR/-Dependent Transcription Actition AssaysCells
were plated at a density of 1.5 x 1 cells per well in
six-well dishes and grown for 24 h at 3C, 5% CQ. Cells
were then transfected with Ag of PPREX3-TK-LUC 9)
plasmid or 1ug of CMV-LUC (24) plasmid with or without
0.2 ug of pcDNA3-PPAR (25) (kindly supplied by Dr. V.
Krishna K. Chatterjee, Department of Medicine, University
of Cambridge). The PPREx3-TK-LUC plasmid includes three
PPAR responsive elements (PPRE) inserted upstream of a
thymidine kinase promoter controlling transcription of the
firefly luciferase gene. The control CMV-LUC plasmid
contains the cytomegalovirus (CMV) promoter driving
transcription of the firefly luciferase gene. For some experi-
ments, cells were cotransfected with g&)l as a control odo ‘253 d ;do' *330“ A ';dE) 20
for potential variations in transfection efficiency. Cells were
transfected using Superfect reagent (Qiagen, Valencia, CA). m/z
Twenty-four hours after transfection, the cells were treated 577
with 3 uM LNO; or vehicle control in 3 mL of Optimem B
(Invitrogen) for 1 h, at which time medium was replaced
with Optimem minus LNQ@ Transfected cells were harvested
24 h after the start of induction (with LNQor vehicle).
Luciferase activity was determined using the Promega
Luciferase Assay kit (Promega, Madison, WI) and a Turner
TD-20/20 luminometerj3-Galactosidase activity was deter-
mined spectrophotometrically using th&galactosidase
enzyme assay system (Promega).

RESULTS

Synthesis and Analysis of LMQUJtilizing a previously
published method to nitrate oleic acid7) and a newly
developed silica gel-based column chromatographic method,
we synthesized and purifiel g of LNG, (synthetic yield
~30%). HPLC, U\~ visible spectroscopy (extinction coef-
ficient =10 100 cm* M~1 at 306 nm in 2% 1 M NaOH in m/z
MeOH), ESI/MS/MS (Wz = 324, negative ion mode), and  Ficure 1: Mass spectrometry analysis of LNOA 125 pmol
thin-layer chromatography analysis confirmed a highly sample of LNQ was injected directly into the MS operating in
purified preparation of LNQ(97%). Direct infusion of LN@ negative ion mode. Panel A shows the parent peak an¥2qM
into the mass spectrometer operating in the negative ion modez_#]m";‘:&'\ﬁafe'l_'ﬁg? gaﬁ]ghter lons of the parent peak including
revealed one major peak awz 324 (Figure 1A), and '
collision-induced dissociation resulted in daughter ions 1D and 2D COSY NMR enabled unambiguous assignment
including one atwz 277 indicative of the denitrated anion of protons to allylic and vinyl positions (C8C14, Figure
of LNO; [(M — HNO,) — H] (Figure 1B). 3) as summarized in Table 1. The most downfield peaks were

In contrast to a previous reportly), NMR analysis assigned to the vinyl protong to the nitro group: the
revealed a mixture of four, rather than two, regioisomers of resonances at 7.08 and 7.02 corresponded to | and E type
nitration. As shown byC NMR and 3C APT, four LNO,, respectively. Due to overlap of thel NMR spectra,
resonances were observed between 150 and 152 ppm (Figuréhesef vinyl protons were grouped together as H{E3)

2) which—based upon predicted chemical shifts and studies and E (16-12). From 1D'*H NMR, integration of these peaks
with nitrated oleic acid{9)—correspond to the four alterna- revealed a 50:50 proportion of the 1423) and E (16-12)
tive nitrated vinyl carbons, C9, C10, C12, and C13 (Figure isomer groups. These data, together With spectra showing
3). A quadrupling of alkene peaks is also seen in the 120 to similar peak heights of the four isomers (Figure 2), strongly
140 ppm region (Figure 2): these peaks were assigned tosuggest that the four regioisomers are present-agual
the un-nitrated vinyl carbons. The quadrupling effect was abundance.

also seen for the carbonyl carbons at 179.8 ppm (not shown). Formation and Analysis of LNG-SG. After confirming
These data provide strong evidence for the presensce of foutthe structure of LNQ we tested its ability to form conjugates
regioisomers of LN@ which were named as follows: with GSH under physiologically relevant conditions. Indeed,
external (E) designates isomers where the nitro group is40 uM LNO; reacted rapidly with 2 mM GSH in sodium
positioned on the external position of one of the double bonds phosphate buffer (pH= 7.5, 25 °C) as measured by
(E9 or E13) (Figure 3A), and internal (1) designates isomers absorbance changes between 245 and 295 nm. Analytical
where the nitro group is positioned on the internal position HPLC and HPLC/ESI/MS revealed quantitative conversion
of the double bonds (110 or 112) (Figure 3B). of the peak corresponding to LN@ a more rapidly eluting
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FIGURE 2: 13C NMR analysis of LNQ. Shown are the complete
13C spectrum (lowest panel) and expanded regions showing four
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Ficure 3: Structures of the four regioisomers of LBICBhown

are structures and carbon numbering for the four alternative isomers
of LNO; in which the sites of nitration are on the external (E9 and

E13, panel A) or internal (110 or 112, panel B) portion of the double
bond system.

separate resonances in the nitro olefin region indicating the presencerpia 1: 14 and3C NMR of LNOy:

of four regioisomers of nitration. Resonances at-1582 ppm
correspond to nitrated vinyl carbons (uppermost panel) and at 120
140 ppm correspond to un-nitrated vinyl carbons (middle two

Assignment of Resonance
Peaks to Allylic and Vinyl Positions of the Four Positional Isomers

panels).

peak corresponding to its glutathione conjugate, LNSG
(633 m/z, positive ion mode) (Figure 4A). The kinetics of

conjugation were monitored as absorbance changes at 245
nm, and from these data a pseudo-first-order rate constant

of 0.38 s was determined (Figure 5). From this a second-
order rate constant of 190'sM~* was calculated.

MRP1 Mediates Efficient ATP-Dependent Transport of
LNO,—SG. Using inside-out plasma membrane vesicles,
experiments shown in Figure 6 demonstrated that vesicles

of LNO2?
carbon 1H NMR (ppm) 13C NMR (ppm)

E10,12 7.02 134.22, 134.36

E9,1¢ and E12,18 5.49,5.25 132.54133.31,
123.06-123.47

El11 2.95 26.03

E8,14 2.59, 2.06 26.23

E9,13 151.72,151.86

19,13 7.08 136.32, 136.53

19,10 and 112,13 5.54,5.32 132.54133.31,
123.06-123.47

111 3.33 24.73

18,14 2.12 27.26:28.30

110,12 150.44,150.53

derived from MRP1-expressing, but not MRP-poor, cells
could support ATP-dependent transport of LINGG (Figure
6A). Initial velocity analyses (Figure 6B) indicated that this
transport was quite efficient: indeed, experiments yielde
Kv (0.75 uM) and Vmax (117 pmotmin~t-mgt vesicle

d

a2 Resonance peaks were assigned udth¢LD, COSY, HMQC, and
HMBC) and*3C NMR. Alternative regioisomers are designated by the
site of nitration as external (E9 or E13) or internal (110 or 112) as defined
in Figure 3.°C9 and C10 vinyl positions of E13 isomérC12 and
C13 vinyl positions of E9 isomef.C9 and C10 vinyl positions of 112
isomer.©C12 and C13 vinyl positions of 110 isomer.

protein) values that compare favorably with those of other
good MRP1 substrates obtained using similar vesicle prepa-
rations, substrates that include 15-d-RESG Ku 1.4 uM,

Vimax 67 pmotmin~t-mg?) (21) and leukotriene C44 ~0.1

uM) (26, 27).

Formation of LNQ—SG in Cells.Tandem mass spec-
trometry was used to evaluate LHOSG formation in intact
cells. First, LNQ—SG standards were synthesized in vitro
and from these standards collision-induced dissociation
spectra were obtained. As shown in Figure 4B, several
prominent daughter ions resulted: they includeld 558,
504, and 457 corresponding to fragments derived from

scissions at positions 1, 2, and 2 illustrated in Figure 7A.
These ions were used in the HPLC/ESI/MS/MS analysis to
follow. MCF7 cells were treated with @M LNO; for Y/, h.
The cells were immediately washed in medium and intra-
cellular LNO,—SG extracted in methanol/acetic acid for
HPLC/ESI/MS/MS. Multiple reaction monitoring chromato-
grams of material derived from MCF7/WT cells clearly
demonstrated that LNGO-SG is formed in cells (Figure 7B).
Moreover, similarly treated MCF7/MRP1-10 cells also
formed LNGQ—SG; however, integration of the ion current
intensity chromatogram peaks showed that the levels of
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B Ficure 5: Kinetics of LNG,—SG formation. LNQ (40 uM) was

reacted with 2 mM glutathione in sodium phosphate buffer {pH
7.5) at 25°C. Reaction progress was monitored by the change in
absorbance at 245 nm and the data fitted to pseudo-first-order
kinetics as described in Experimental Procedures.

e LUC), reporter gene (Figure 8A). These data, showi&y -

fold induction of the PPAR-responsive reporter gene by 3
uM LNO,, indicate that LNQis a much more potent PPAR
activator than is 15-d-PGJa PPAR ligand that at 2Q:M
in similar experiments resulted ir16-fold induction 21).
To further investigate the contribution of PPARD LNO,-
457 558 induced gene activation, we cotransfected the PPRE-contain-
633 ing reporter gene with a PPARexpression vector. Inclusion
of PPARy greatly augmented induction (6.2-fold), indicating
1| |, | that LNO,-induced gene activation is indeed mediated by
odo 300 380 400 420 sdo 520 edo edo PPARy (Figure 8A). Last, to assess the effect of MRP1,
MCF7/WT and MCF7/MRP1-10 cells were cotransfected
m/z with PPARy and the PPRE-containing reporter gene followed
) . by treatment with LNQor vehicle. As shown in Figure 8B,
5',\(;U:;;m;ﬂ?ﬁ,apfgsmrr:aeégda\?vﬁlﬁlszlsm?\; g]ﬁtla_t&r:i?rg'ir? O‘_‘f m  expression of MRP1 (MCF7/MRP1-10 cells) greatly inhib-

sodium phosphate buffer pH 7.5 for 1 min at 25°C. A 25 ul ited LNO,-induced PPAR-dependent transcription. These
sample was analyzed by HPLC/ESI/MS as described in Experi- data indicate that GSH conjugation of LMGnd the

mental Procedures using the positive ion mode. Shown is the peaksybsequent efflux of this conjugate by MRP1 can profoundly

corresponding to the glutathione conjugate, LINGG (z 633, - A A .
[M + H]) (panel A). Daughter ions ofivz 633 generated by attenuate the transcriptional activating effects of this signaling

collision-induced dissociation are shown in panel B. lipid molecule.

intracellular LNQ—SG accumulated by the end of the DISCUSSION
Y, h LNO; treatment were considerably lower in MCF7/ Recent reports have suggested that nitrated unsaturated
MRP1-10 cells than in MCF7/WT cells (MCF7/MRP1-10 lipids such as LN@and OA-NQ have antiinflammatory,
levels were 15% of MCF7/WT levels, not shown). These antiplatelet, and vasodilation activitiek3-16). In addition,
data indicate that MRPL1 is able to support active efflux of these lipids can regulate the expression of specific endog-
LNO,—SG from intact cells. enous as well as PPAR-dependent reporter gehgslg,
Expression of MRP1 Inhibits LNEnduced Actiation of 28). The mechanisms by which these activities are mediated
PPAR/-Dependent TranscriptiorHaving established that  are attributed to various alternative or overlapping signaling
LNO; is readily converted to its conjugate, LNOSG, in pathways including cyclic nucleotide-dependent pathways,
the presence of physiologic concentrations of GSH, we nextnitric oxide release, and direct interaction with cellular
investigated whether expression of MRP1 would influence receptors such as PPAR and perhaps otHetsl@, 28, 29).
at the cellular levetLNOzinduced activation of PPAR Enthusiasm for the physiological relevance of these com-
dependent transcription. First, using MRP1-poor MCF7/WT pounds is greatly enhanced by the observations that L. NO
cells, we verified that LN@selectively induced the expres- and OA-NQ are formed and can accumulate to relatively
sion of a transiently transfected PPAR-responsive (PPRE-high levels (high nano- to low micromolar) in blood and
containing; PPREx3-TK-LUC), but not a control (CMV- plasma 17, 19).

Relative Intensity
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LNO,-SG (uM) FiGURe 7: LNO,—SG formation in MCF7/WT cells. MCF7/WT

cells were treated with 8M LNO,, for ¥/, h followed by lysis and
extraction of intracellular material in methanol/acetic acid (99.9/
.1, viv). LNG,—SG was detected from these extracts using HPLC/
SI/IMS/MS as described in Experimental Procedures. (A) Shown
are the structure of LN©®-SG and the positions of fragmentation
yielding the prominent daughter ions used for multiple reaction
monitoring: these daughter ions oiz 633 (LNO,—SG) include
m/z 558 (fragmentation at 1, loss of glycyl group)z 504 (frag-
mentation at 2, loss of glutamyl group), amdz 457 (fragmenta-
tions at 2+-3, loss of glutamyl and nitrate groups). (B) Shown are
multiple reaction monitoring HPLC/ESI/MS/MS chromatograms of
intracellular extracts derived from LNQreated MCF7/WT cells.
lon current intensities are expressed as arbitrary units on the
In the present study we have used PRAdependent  ordinate. The precursor iomyz 633, corresponding to LNS-SG
transcription activation as a measure of LNQoactivity. was selected for all chromatograms and scanned for the daughter
LNO, is a particularly attractive potential ligand to study as i0ns (Wz 558, 504, and 457) described above. The elution times

it is among the mst potent endogenous lipid actvators of 5 ', shomelogram peas s defned were dentca l those
PPARy yet describedX8). Moreover, the reported levels of = ghown).

LNO; formed in vivo are sufficient to effect this PPAR-

dependent transactivation. Herein we find that this electro- adducts is insufficient to block PPARdependent transcrip-
philic lipid readily reacts-under physiological conditions, tion activation as evidenced by the present studies using
in vitro and in cells-with GSH to form LNQ—SG. As MCF7/WT cells, as well as previous work8), which show
intracellular levels of GSH are quite high-10 mM), most strong induction of a PPRE-containing reporter gene by
of the available intracellular LN@is expected to be bound LNO,. Expression of MRP+a plasma membrane-associated
as adducts with GSH or other cellular nucleophiles (e.g. transport protein which supports efficient efflux of LNO
protein thiols). However, formation of these LNOGSG SG—results in profound attenuation of LN@duced PPAR-

Ficure 6: ATP-dependent, MRP1-mediated transport of LNO
SG. ATP-dependent transport &fl-labeled LNQ—SG was ac-
complished using inside-out plasma membrane vesicles as describe
in Experimental Procedures. Panel A shows the time course of ATP-
dependent LN@-SG (2.3uM) transport using vesicles derived
from MRP-poor ¢ MRP1, open circles) MCF7/WT and MRP1-
expressing-tMRP1, closed circles) MCF7/MRP1-10 cells. Panel
B shows the initial velocities of ATP-dependent, MRP1-mediated
(vesicles from MCF7/MRP1-10 cells) LNO©SG transport as a
function of LNO,—SG concentration. Data are represented as the
mean valuest 1 SD of at least 3 independent determinations.
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Ficure 8: MRP1 expression inhibits LN&nduced, PPAR-
dependent transcription activation. MCF7 cells were transfected with
1 ug of luciferase reporter gene driven by either the CMV (control)

+
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+

or PPAR-responsive (PPRE-containing) promoters. Reporters were

cotransfected with either PPARexpression or empty vectors (0.2
u©Q) as indicated. Twenty-four hours later, cells were treated with
3 uM LNO; or vehicle for 1 h: cells were harvested for luciferase
assay 24 h after this treatment. Luciferase activities were normalized
to protein concentration or, in some experimentgi-galactosidase
activity of cells cotransfected with pPdal. Data are reported as
fold induction, a value defined as normalized luciferase activity in
cells treated with LN@ divided by activity of cells treated with
vehicle alone. Shown are data derived from representative experi-

ments. Each bar represents the mean of 3 independent transfections; o

+ 1 SD. (A) MRP1-poor MCF7/WT cells were transfected with
CMV-LUC or PPRE-LUC plus ¢, crosshatched bars) or minus
(—, open bars) cotransfection with PPARSs indicated. (B) MRP1-
poor MCF7/WT (MRP1%, open bars) or MRP1-expressing MCF7/
MRP1-10 (MRP#%, dark bars) cells were transfected with PPRE-
LUC plus (+) or (—) cotransfection with PPAjR as indicated.

dependent transcription, suggesting that conjugate removal

is the key limiting step for inhibition of LN@activity. While
our studies have focused on PPARBependent transactiva-
tion, it is likely that GSH conjugation and MRP1-mediated
efflux will also be important determinants of cellular
responses to PPAR-independent activities of Lid@d other
nitroalkene lipids.

Biochemistry, Vol. 45, No. 25, 2006895

In contrast to an earlier repori9), *H and *3C NMR
analysis revealed that the LNOformed by chemical
synthesis consists of four, rather than two, regioisomers of
nitration: each of the four isomers is present-iequal
abundance. While nitration may also occur by an as yet
unrecognized isomer-selective enzymatic process, our data
indicate that in vivo chemical nitration will result in the
formation of all four regioisomers of LN What is not
known is whether or not the various regioisomers have
equivalent bioactivities. While the ability to donate nitric
oxide via spontaneous decomposition might be expected to
be similar, it would not be surprising to find qualitative or
guantitative differences in LNO-receptor interactions among
the four regioisomers of LN®
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