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 Cytoplasmic lipid droplets were once regarded as incon-
sequential lipid storage depots. A new understanding of the 
dynamic nature of the droplets has emerged, and they have 
been redefi ned as metabolically active organelles ( 1, 2 ). 
Lipid droplets are now known to be intimately involved in 
many cellular processes, including lipolysis ( 3 ) and mem-
brane traffi cking ( 4 ). Previous studies on droplet proteins 
from various cell types have provided insight on possible 
metabolic roles for the droplets. For example, the presence 
of 15( S )-lipoxygenase-1 (15-LO-1) has been reported on 
neutral lipid droplets in a variety of cell types ( 5, 6 ). 15-LO-1 
is part of a family of nonheme, iron-containing enzymes that 
catalyze the stereospecifi c oxidation of polyunsaturated fatty 
acids. 15-LO-1 is thought to be involved in atherosclerosis, 
although its exact role is not clear ( 7, 8 ). LDL and mem-
brane steryl esters are substrates for human reticulocyte 15-
LO-1 ( 9, 10 ); in fact, 15-LO-1 colocalizes with LDL in early 
atherosclerotic lesions ( 11, 12 ). In this study, we present evi-
dence that human 15-LO-1 is present and functional on the 
cytoplasmic lipid droplets in macrophage foam cells. 

 MATERIALS AND METHODS 

 Materials 
 BSA (essentially fatty acid free), heat-inactivated FBS, genta-

micin, and unesterifi ed cholesterol [free cholesterol (FC)] were 
purchased from Sigma-Aldrich (St. Louis, MO). Organic solvents 
were obtained from Fisher Scientifi c (Pittsburgh, PA). Tissue 
culture fl asks and plates were from Falcon (Lincoln, NJ) and 
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 Assay for the production of 
15( S )-hydroxyeicosatetraenoic acid 

 Aliquots of the whole-cell homogenate, lipid droplet layer, cell 
pellet, and cytoplasm were transferred into conical tubes. One 
set of samples was heated in boiling water for 5 min to serve as a 
heat-inactivated control. Arachidonic acid (100 µM fi nal concen-
tration) was added to each tube. The tubes were incubated at 
37°C for 2 h. The reaction was stopped by extraction with chloro-
form and methanol (2:1, v/v). 

 Derivatization of lipids 
 Lipid samples were prepared by the method of Lee, Williams, 

and Blair ( 19 ). Briefl y, a mixture of 12 heavy isotope internal 
standards ([ 2 H 4 ](9 S )-hydroxyoctadecadienoic acid (HODE), 
[ 2 H 4 ]13( S )-HODE, [ 2 H 8 ](5 S )-hydroxyeicosatetraenoic acid 
(HETE), [ 2 H 8 ]12( S )-HETE, [ 2 H 8 ]15( S )-HETE, [ 2 H 4 ]prostaglan-
din E 2 , [ 2 H 4 ]PGD 2 , and [ 2 H 4 ]Leukotriene B4 (1 ng each), and 
[ 2 H 6 ]20-HETE, [ 2 H 4 ]PGF 2 �   (PGF 2 �  ), [ 2 H 4 ]11 � -PGF 2 , and [ 2 H 4 ]8-
 iso -PGF 2 �   (10 ng each; Cayman Chemicals, Ann Arbor, MI) were 
added to the isolated lipid droplet layer. The solution was ex-
tracted three times using the procedure of Bligh and Dyer ( 20 ). 
The antioxidant butylated hydroxytoluene (0.05%, w/v) was 
present during the extraction. The fi nal extract was dried down 
under nitrogen and resuspended in 850  � l chloroform:methanol 
(8:1 v/v) followed by the addition of 700  � l 40% KOH. The tubes 
were fl ushed with nitrogen, capped, and incubated at 60°C for 30 
min. At the end of the saponifi cation period, 700  � l 50 mM phos-
phate buffer (pH 7.4) was added, and the pH of the solution was 
adjusted to 3 by the addition of 150  � l formic acid. The solution 
was extracted with diethyl ether and hexane (1:1, v/v), and the or-
ganic layer was evaporated to dryness under nitrogen. The sample 
was then derivatized with pentafl uorobenzyl bromide. To do this, 
100  � l pentafl uorobenzyl bromide in acetonitrile (1:19, v/v) was 
added to the lipid extract followed by 100  � l of diisopropylethylam-
ine in acetonitrile (1:9, v/v), and this solution was heated at 60°C for 
60 min. The samples were allowed to cool, dried under nitrogen, 
and redissolved in 100  � l of hexane/ethanol (97:3, v/v). 

 MS 
 MS for the quantitative analysis of lipidomics profi le was con-

ducted on a triple-quadrupole Finnigan TSQ Quantum Ultra AM 
spectrometer (Thermo Fisher, San Jose, CA) equipped with an 
atmospheric pressure chemical ionization source in the negative 
ion mode. Operating conditions were as follows: spray voltage, 
4.5 kV; vaporizer temperature, 450°C; and heated capillary tem-
perature, 350°C. Nitrogen was used for the sheath gas and auxil-
iary gas set at 60 and 10 (in arbitrary units), respectively. collision 
induced dissociation was performed using argon as the collision 
gas at 1.5 mTorr in the second (rf-only) quadrupole, and the col-
lision energy was set at 18 eV. An additional dc offset voltage was 
applied to the region of the second multipole ion guide (Q0) at 
5 V to impart enough translational kinetic energy to the ions so 
that solvent adduct ions dissociate to form sample ions. For mul-
tiple reaction monitoring (MRM/MS) analysis, unit resolution 
was maintained for both parent and product ions. The following 
MRM/MS transitions were monitored: 15-HETEs ( m/z  319  →  
219) and [ 2 H 8 ]15 (S) -HETE ( m/z  327  →  226). 

 LC 
 Normal phase chiral LC electron capture atmospheric pres-

sure chemical ionization (ECAPCI)/MRM/MS analysis was con-
ducted using a Waters Alliance 2690 HPLC system (Milford, MA) 
linked to the TSQ Quantum AM mass spectrometer. A Chiralpak 
AD-H column (250 × 4.6 mm inner diameter, 5 µm; Daicel Chem-
ical Industries, West Chester, PA) was employed for gradient 1 

Corning (Corning, NY). Tissue culture medium was obtained 
from GIBCO (Carlsbad, CA). Peroxidase-free arachidonic acid 
and the antibody to human 15-LO-1 were purchased from Cay-
man Chemicals (Ann Arbor, MI). Human LDL (1.019 < d < 1.063 
g/ml) was isolated by sequential ultracentrifugation, dialyzed 
against 0.15 mol/l NaCl, and sterilized by 0.45 µmol/L fi ltration. 
LDL was acetylated with acetic anhydride ( 13 ). 

 Cell culture 
 THP-1 human monocytes (American Type Tissue Culture Col-

lection, Manassas, VA) were grown in suspension at 37°C in 5% 
CO 2  in bicarbonate-buffered RPMI containing 10% FBS (v/v), 
50 µmol/l  � -mercaptoethanol, and 50 µg/ml gentamycin at a 
cell density of 0.2–1.0 × 10 6 /ml. Cells were plated at a density of 
1.2 × 10 6 /4 cm 2  dish or 2.4 × 10 6 /8 cm 2  dish in RPMI with 10% 
FBS, 50 µmol/l  � -mercaptoethanol, 50 µg/ml gentamicin, and 
100 ng/ml phorbol myristate acetate for 3 days to become fully 
differentiated macrophages before use in experiments. RAW 
264.7 (American Type Tissue Culture Collection) murine mac-
rophages stably transfected to overexpress human 15-LO-1 ( 14 ) 
and mock-transfected cells were routinely grown in DMEM con-
taining 10% FBS, 50 µg/ml gentamicin, and 500 µg/ml geneti-
cin. To cholesterol enrich the macrophages, the appropriate 
media containing 1% FBS and acetylated LDL (acLDL; 100 µg 
protein/ml) was added to the cells for 48 h. Some incubations 
contained 100  � M arachidonic acid (added with BSA). The 
monolayers were then washed and equilibrated in MEM contain-
ing 0.2% BSA for 18 h. 

 Immunofl uorescence 
 15-LO-1 or mock-transfected RAW macrophage foam cells 

were plated on glass coverslips and cholesterol enriched by incu-
bation with acLDL (100 µg protein/ml) for 48 h. The cells were 
fi xed in 3% paraformaldehyde using the method of DiDonato 
and Brasaemle ( 15 ) prior to immunofl uorescent staining. Cells 
were incubated with 0.1% sodium borohydride for 2.5 min at 
room temperature to limit endogenous fl uorescence. Primary 
and secondary antibodies were diluted in 5% BSA and 10% nor-
mal serum from which the secondary antibodies were raised. 
This solution was supplemented with 0.3% Triton X-100 ( 16, 17 ). 
Incubations were done at 37° for 3 h for the primary antibody 
and 1 h for the secondary antibody. Slides were cover-slipped 
with Mowiol (Calbiochem, San Diego, CA) before viewing using 
an inverted epifl uorescence Nikon Elipse TE-2000-U or an in-
verted Bio-Rad Radiance 2000 confocal microscope. 

 Cell fractionation 
 To fractionate the cells and isolate cellular lipid inclusions, 

monolayers of macrophages containing inclusions were washed 
three times with PBS containing 100 mM ascorbic acid and 
scraped into 3 ml of PBS (3 ml per 100 mm dish) containing 20 
 � l/ml protease inhibitor cocktail (Sigma-Aldrich). The cells were 
disrupted using sonication ( 18 ). Some of the whole-cell homoge-
nate was reserved and placed on ice for later use. Homogenates 
were centrifuged at 26,000 rpm in an SW40Ti rotor for 30 min. 
The fl oating lipid layer, cell pellet, and cytoplasm were removed 
with a syringe. The cell pellet and cytoplasm were reserved on ice 
for later use. The fl oating lipid layer was washed by dispersing it 
in PBS and reisolating as described above. This wash was re-
peated. The fi nal lipid layer containing the droplets was removed 
and stored on ice until use. Acid phosphatase (Sigma kit; Sigma-
Aldrich) and lactate dehydrogenase activity (Roche Diagnostics, 
Mannheim, Germany) were determined in the fl oating lipid 
layer in order to determine whether there was lysosomal or cyto-
plasmic contamination in the lipid fraction. 
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stably express human 15-LO-1. Murine macrophages do 
not express 15-LO-1 and therefore provide a clean back-
ground for these studies. To generate foam cells, RAW 
macrophages transfected with human 15-LO-1 or mock-
transfected cells were incubated with acLDL. Cytoplasmic 
lipid droplets were isolated from the cells, and the droplet 
proteins were analyzed by Western blot as described in 
Materials and Methods. We determined that 15-LO-1 was 
present in the 15-LO-1 RAW whole-cell homogenate and 
on the lipid droplets isolated from 15-LO-1 RAW mac-
rophages but not in the mock-transfected RAW whole-cell 
homogenate (  Fig. 2 A–C ). We extended these studies and 
evaluated whether 15-LO-1 was localized at neutral lipid 
droplets in 15-LO-1 RAW macrophage foam cells using im-
munofl uorescent microscopy. 15-LO-1 macrophage foam 
cells were generated through incubation with acLDL. The 
procedure used for fi xation and permeabilization of the 
cells prevents disruption of the droplet structure ( 15 ). 
Lipid droplets viewed under phase microscopy appeared 
as dark punctate structures asymmetrically distributed in the 
cells (  Fig. 3A  ). 15-LO-1-expressing RAW macrophage foam 
cells incubated with anti-15-LO-1 and an FITC-conjugated 
secondary antibody exhibited fl uorescent staining that 
matched the cellular location of the lipid droplets ( Fig. 3B ). 
Using confocal microscopy, we determined that individual 
lipid droplets exhibited immunoreactivity ( Fig. 3C, D ), 
indicating the presence of 15-LO-1 on the droplets. Mock-
transfected RAW macrophage foam cells did not exhibit 
immunoreactivity (data not shown). 

 To test the activity of the 15-LO-1 in these cells, 15-LO-1 
and mock-transfected RAW macrophages were homogenized 

with a fl ow rate of 1.0 ml/min. Solvent A was hexane, and solvent 
B was methanol/isopropanol (1:1, v/v). Gradient 1 was as fol-
lows: 2% B at 0 min, 2% B at 3 min, 3.6% B at 11 min, 8% B at 15 
min, 8% B at 27 min, 50% B at 30 min, 50% B at 35 min, 2% B at 
37 min, and 2% B at 45 min. Separations were performed at 30°C 
using a linear gradient. 

 Western blot analysis 
 Protein from monolayers was prepared for Western blot analy-

sis as previously described ( 21 ). Protein from the fl oating lipid 
layer was prepared as follows. Lipids were extracted using the 
method of Bligh and Dyer ( 20 ). The interface containing drop-
lets protein between the organic and aqueous layers of the ex-
traction was collected. The proteins were dissolved in an SDS 
sample buffer containing the NuPage reducing agent (Invitrogen, 
Carlsbad, CA). Proteins were separated on a 3–8% Tris-acetate 
gel and transferred to nitrocellulose membranes and probed for 
15-LO-1 as per the manufacturer’s directions. 

 15( S )-HETE effl ux 
 15-LO expressing RAW macrophages were incubated with 

7 µg/ml arachidonic acid,  +/ �  acLDL (100 µg/ml), and  +/ �  CP113818 
(ACAT inhibitor, 2 µg/ml) for 18 h. After this incubation, the 
monolayers were washed with MEM. Time zero cell monolayers 
were extracted with isopropanol to determine 15( S )-HETE in the 
monolayer before the effl ux period. Phenol red-free media con-
taining 1% BSA was added to the rest of the wells. Media were 
sampled after 2 h and fi ltered. 15( S )-HETE was quantitated using 
an ELISA kit (Cayman Chemicals, Ann Arbor, MI) as per the 
manufacturer’s instructions. 15-HETE in the media was com-
pared with total 15-HETE at time zero to determine the percent-
age release of 15-HETE. 

 Statistical analysis 
 Values are expressed as mean ± SD. Unpaired Student’s  t -test 

was used to determine statistical signifi cance between groups 
(GraphPad Prism; GraphPad Software, San Diego, CA). The cri-
terion for signifi cance was set at  P   �  0.05. 

  RESULTS  

 THP-1 human monocytes were differentiated into mac-
rophages by incubation with phorbol myristate acetate as 
described in Materials and Methods. Cholesterol-enriched 
THP-1 macrophage foam cells were generated by incuba-
tion with acLDL. This treatment results in an increase in 
cellular unesterifi ed cholesterol content as well as the pro-
duction of cytoplasmic lipid droplets containing choles-
teryl ester (CE) ( 22 ). These droplets were isolated from 
the foam cells by ultracentrifugation as described in Mate-
rials and Methods. Using this procedure, we determined 
that there was no detectable cytoplasmic or lysosomal con-
tamination in the fi nal droplet preparation measured by 
lactate dehydrogenase (data not shown) and acid phos-
phatase (data not shown) activity, respectively. As seen in 
the Western blot in   Fig. 1  , 15-LO-1 is present in THP-1 
macrophage whole-cell homogenate ( 23 ) but not in THP-1 
monocytes ( Fig. 1 ). Additionally, we found 15-LO-1 pro-
tein on neutral lipid droplets isolated from THP-1 mac-
rophage foam cells ( Fig. 1 ). 

 In an effort to determine if 15-LO-1 on the lipid droplet 
is functional, we used RAW (murine) macrophages, which 

  Fig. 1.  15-LO-1 protein levels in THP-1 cells and cytoplasmic 
lipid droplets. Lane a, cholesterol normal THP-1; lane b, cholesterol-
enriched THP-1; lane c, THP-1 monocytes; lane d, lipid droplets 
from cholesterol-enriched THP-1. Forty-fi ve micrograms of cell 
protein was applied to lanes a–c. Protein from droplets isolated 
from two 100 mm plates of THP-1 macrophage foam cells was ap-
plied to lane d. 15-LO-1 protein levels were determined as de-
scribed in Materials and Methods.   

  Fig. 2.  15-LO-1 protein levels in 15-LO-1 and mock-transfected 
RAW macrophages. Lane a, mock-transfected RAW macrophages 
(15  � g protein); lane b, 15-LO-1 RAW macrophages (15  � g pro-
tein); lane c, protein from lipid droplets isolated from two 100 mm 
plates of 15-LO-1 RAW macrophage foam cells. 15-LO-1 protein 
levels were determined as described in Materials and Methods.   
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determined by LC-ECAPCI/MRM/MS analysis before 
(time 0 h) and after (time 2 h) the addition of the arachi-
donic acid. Heat-inactivated controls were run for each 
fraction to account for any auto-oxidation that might have 
occurred. The data presented in   Table 1   represent the 
15( S )-HETE produced (time 2 h minus time 0 h) during 
the 2 h incubation with arachidonic acid. Heat-inactivated 
control values were subtracted from the data presented in 
 Table 1  to account for any auto-oxidation. As expected, 
the majority of the 15-LO-1 activity was associated with the 
cytosolic fraction. There was, however, measurable pro-
duction of 15( S )-HETE in the droplet fraction ( � 2% of 
the total activity) and a small amount produced in the cell 
pellet ( Table 1 ). Additionally, we determined that the 
production of 15( S )-HETE in the droplet fraction was 
inhibited when the fraction was subjected to enzyme inac-
tivation through heating (  Fig. 5  ). 

 To determine the effect of 15( S )-HETE deposition when 
present in the lipophillic environment of neutral lipid 
droplets, fractional effl ux of 15( S )-HETE was determined 
in cholesterol normal (control), free cholesterol (FC)- 
enriched (no cytoplasmic lipid droplets present), and 
CE-enriched (with cytoplasmic lipid droplets) 15-LO-1 
expressing RAW macrophages. RAW macrophages were 
incubated with arachidonic acid [to add substrate for the 
production of 15( S )-HETE],  +/ �  acLDL (to cholesterol 

as described in Materials and Methods and incubated in 
the presence of arachidonic acid. A portion of the 15-LO-1 
RAW cell homogenate was heated in boiling water for 10 
min to act as a heat-inactivated control (15-LO HI,   Fig. 
4A  ). 15( S )-HETE (enzymatic product) and 15( R )-HETE 
(nonenzymatic product) levels were measured in the cells 
by LC-ECAPCI/MRM/MS. The data in  Fig. 4A  are pre-
sented as a ratio of the enzymatic product [15( S )-HETE 
over the nonenzymatic product 15-( R )-HETE]. Assuming 
that 15( S )-HETE and 15( R )-HETE are produced by auto-
oxidation in equivalent amounts, a ratio of 1 would indi-
cate no enzymatic activity. The data in  Fig. 4A  demonstrate 
that 15( S )-HETE is produced in the RAW-expressing 15-
LO-1 but not in the heat-inactivated 15-LO-1 RAW or 
mock-transfected cells. Additionally, 15( S )-HETE is pres-
ent in 15-LO-1 RAW in the absence of exogenous ara-
chidonic acid ( Fig. 4B ). Additionally, in 15-LO-1 RAW, 
15( S )-HETE levels increase with cholesterol loading ( Fig. 
4B ) in the absence of exogenous arachidonic acid. 

 To investigate if the 15-LO-1 present in the lipid drop-
lets from these cells was active, we fractionated the cells 
into the fl oating lipid droplet layer, cytoplasm, and the 
cell pellet. The individual fractions and whole-cell homog-
enate were incubated in the presence of arachidonic acid 
for 2 h. The amount of 15( S )-HETE in each fraction was 

  Fig. 3.  Cellular localization of 15-LO-1 in 15-LO-1 RAW mac-
rophage foam cells. Cells were incubated with acLDL to induce 
neutral lipid droplet formation. Lipid bodies were visualized by 
phase microscopy (A). 15-LO-1 was localized on lipid droplets us-
ing anti-15-LO-1 and an FITC-conjugated secondary antibody 
(b–d). Lipid bodies appear as dark punctate structures that are 
asymmetrically dispersed in the cell (A). 15-LO-1 staining appears 
at the same cellular location of the lipid droplets (B). The red-
dashed circles indicate representative areas of overlap. 15-LO-1 
staining of individual droplets (indicated by arrows) is apparent 
using confocal microscopy (C and D). C and D are micrographs of 
a single cell. Mock-transfected cells were used as a control (data not 
shown) and were absent of 15-LO-1 staining.   

  Fig. 4.  15( S )-HETE is produced in 15-LO-1 RAW cells. A: Mock-
transfected or 15-LO-1 RAW macrophage cell homogenates were 
incubated in the presence of arachidonic acid for 2 h. A portion of 
the 15-LO-1 RAW homogenate was heated in boiling water for 10 
min to act as a heat-inactivated control (15-LO HI). Lipids were 
extracted and analyzed for 15( S )-HETE and 15( R )-HETE content 
as described in Materials and Methods (n = 4 from four indepen-
dent experiments). B: 15-LO-1 RAW macrophages were incubated 
in the presence or absence of acLDL for 24 h. Cellular lipids were 
extracted and analyzed for 15( S )-HETE as described in Materials 
and Methods. n = 3 from a representative experiment. Experiment 
was repeated three times.   
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the fraction and found none. Additionally, we have shown 
that the 15-LO-1 protein colocalizes with neutral lipid 
droplets in 15-LO-1-expressing RAW foam cells. 15-LO-1 is 
commonly thought of as cytoplasmic protein; however, it 
has been shown to translocate from the cytosol to mem-
branes ( 25 ), is present on neutral lipid droplets in other 
cell types, and is involved in processes such as spermato-
genesis and infl ammation ( 5, 6 ). 

 To determine if the 15-LO-1 we detected on the mac-
rophage neutral lipid droplets is functional, we utilized 
RAW murine macrophage cells, which overexpress human 
15-LO-1. Murine macrophages do not constitutively ex-
press 15-LO-1 ( 8 ) and therefore provide a clean back-
ground for studying human 15-LO-1 function. As expected, 
15( S )-HETE was produced in the 15-LO-1 RAW when the 
cells were incubated with arachidonic acid. The level of 
15( S )-HETE detected in the mock RAW was equivalent to 
the level of 15( R )-HETE in the mock RAW and is due to 
nonenzymatic oxidation of the exogenously added arachi-
donic acid. Interestingly, the amount of 15( S )-HETE in 
the 15-LO-1 RAW increased with cholesterol loading via 
acLDL. These data are consistent with that of Habenicht 
et al. ( 26 ) who showed that LDL delivers arachidonic acid 
for prostaglandin biosynthesis in fi broblasts. 

 15( S )-HETE was produced in an isolated droplet frac-
tion when incubated with arachidonic acid ( 27 ), indicat-
ing that 15-LO-1 is functioning on the droplet. This 
observation was further confi rmed by the fact that inacti-
vating 15-LO-1 through heating attenuated the production 
of 15( S )-HETE in an isolated droplet fraction. The 15-LO-1 
activity measured in the droplet fraction accounted for 2% 
of the total cellular 15-LO-1 activity. This is not surprising 
considering the protein resides primarily in the cytosol, in 
which 88% of the total 15-LO-1 activity was detected. 

 The oxidized products of LO actions on polyunsatu-
rated fatty acids such as eicosanoids affect a multitude of 
cellular processes, including infl ammation and induction 
of cholesterol transport proteins ABCA1 and ABCG1 ( 28, 

enrich the cells), and  +/ �  ACAT inhibitor (to prevent CE 
production). After this incubation, the media were 
changed, and new media containing 1% BSA were added 
for 2 h. FC-induced cellular toxicity was assessed under 
these cholesterol enrichment conditions by LDH release 
and cellular protein levels. We measured no changes in 
LDH release (cholesterol normal, 0.11 ± 0.03 LDH release 
in arbitrary units (AU) per well; FC enriched, 0.12 ± 0.01 
AU per well; CE enriched, 0.11 ± 0.02 AU per well; n = 4 
for each treatment) and protein levels (cholesterol nor-
mal, 180 ± 2 µg protein/well; FC enriched, 173 ± 10 µg 
protein/well; CE enriched, 186 ± 11 µg protein/well; n = 4 
for each treatment), indicating no toxicity due to FC load-
ing using these conditions.   Figure 6   demonstrates that 
fractional effl ux of 15( S )-HETE was lower when cells con-
tain cytoplasmic lipid droplets, indicating that 15( S )-HETE 
may be sequestered in cytoplasmic lipid droplets. 

  DISCUSSION  

 This study found human reticulocyte 15-LO-1 in THP-1 
macrophage cells but not in the undifferentiated mono-
cyte. These data agrees with other studies employing 
THP-1 and primary human cells ( 23, 24 ). Additionally, 15-
LO-1 is present on the neutral lipid droplets isolated from 
THP-1 macrophage foam cells. We ensured that the 15-
LO-1 protein is not fortuitously present in the isolated 
droplet fraction by measuring cytosolic contamination in 

  TABLE  1.   Production of 15( S )-HETE in 15-LO-1 RAW macrophages 

15( S )-HETE (ng)
15( S )-HETE
(% of Total)

Whole-cell homogenate 23,784.8 ± 1320.2 100%
Droplets 446 ± 149 1.9 ± 0.7%
Cytoplasm 20,956.9 ± 922.5 88.4 ± 8.8%
Cell pellet 184 ± 78 0.8 ± 0.4%

15-LO-1 RAW macrophage cells were cholesterol enriched by 
incubation with acLDL. The cells were homogenized and fractionated 
as described in Materials and Methods. The cell fractions were 
incubated with arachidonic acid (100  � M) for 2 h. 15( S )-HETE levels 
were measured by LC-ECAPCI/MRM/MS as described in Materials and 
Methods. Before incubation with arachidonic acid, there was 12,025 ± 
1,080 ng 15( S )-HETE present in the whole-cell homogenate.

  Fig. 5.  Enzyme inactivation through heating inhibits 15( S )-HETE 
production in cytoplasmic lipid droplets. Cytoplasmic lipid drop-
lets isolated from 15-LO-1 RAW macrophage foam cells were incu-
bated for 2 h in the presence of arachidonic acid (100  � M). One 
aliquot of the droplets was heated in boiling water for 5 min to in-
activate enzymatic activity before the addition of arachidonic acid. 
15( S )-HETE was measured by GC-MS as described in Materials and 
Methods.   

  Fig. 6.  Effect of cellular lipid composition on 15( S )-HETE frac-
tional effl ux. 15-LO-1 RAW macrophages were incubated with 7 
µg/ml arachidonic acid,  +/ �  acLDL (100 µg/ml), and  +/ �  CP113818 
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29 ). Bioactive eicosanoids are not thought to be stored 
within cells and are generated as needed ( 30 ). This study 
has shown functional human reticulocyte 15-LO-1 on the 
neutral lipid droplets in macrophage foam cells, consistent 
with Bozza and Bandeira-Melo ( 5 ), who demonstrated that 
leukocyte lipid bodies are a site for eicosanoid production. 
The major eicosanoid product of 15-LO-1, 15( S )-HETE, as 
well as minor products of the enzyme [e.g., 12( S )-HETE 
and 13( S )-HODE] are potent lipid mediators that have 
been shown to impact many cellular processes ( 31, 32, 24, 
30, 33 ). It is possible that droplet-associated 15-LO-1 pro-
duces products such as 15( S )-HETE and sequesters the ei-
cosanoids in the droplet. In this model, the lipophilic 
environment within a lipid droplet could provide a mecha-
nism for the cell to store 15( S )-HETE and related metab-
olites. The fact that fractional effl ux of 15( S )-HETE, 
regardless of whether it is present as a free fatty acid or as 
the fatty acyl chain of CE, is diminished when cellular lipid 
droplets are present supports this hypothesis. 

 In summary, the 15-LO-1 protein is present and func-
tioning on steryl ester lipid droplets within macrophage 
foam cells. The cellular role of 15( S )-HETE produced at 
the lipid droplet warrants further investigation.  
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