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5-lipoxygenase (5-LO) catalyzes the conversion of arachidonic acid (AA) into pro-inﬂammatory leukotrienes. N-3
PUFA like eicosapentaenoic acid are subject to a similar metabolism and are precursors of pro-resolving mediators. Stearidonic acid (18:4 n-3, SDA) is a plant source of n-3 PUFA that is elongated to 20:4 n-3, an analogue of
AA. However, no 5-LO metabolites of 20:4 n-3 have been reported. In this study, control and 5-LO-expressing
HEK293 cells were stimulated in the presence of 20:4 n-3. Metabolites were characterized by LC-MS/MS and
their anti-inﬂammatory properties assessed using AA-induced autocrine neutrophil stimulation and leukotriene
B4-mediated chemotaxis. 8‑hydroxy‑9,11,14,17-eicosatetraenoic acid (Δ17-8-HETE) and 8,15-dihydroxy9,11,13,17-eicosatetraenoic acid (Δ17-8,15-diHETE) were identiﬁed as novel metabolites. Δ17-8,15-diHETE
production was inhibited by the leukotriene A4 hydrolase inhibitor SC 57461A. Autocrine neutrophil leukotriene
stimulation and neutrophil chemotaxis, both BLT1-dependent processes, were inhibited by Δ17-8,15-diHETE at
low nM concentrations. These data support an anti-inﬂammatory role for Δ17-8,15-diHETE, a novel 5-LO product.

Abbreviations: 19-OH-PGB2, 19(R)-hydroxyprostaglandin B2
AA, arachidonic acid
ADA, adenosine deaminase
ALA, alpha-linolenic acid
BLT1, leukotriene B4 receptor 1
DHA, docosahexaenoic acid
DPA, docosapentaenoic acid
ETA, eicosatetraenoic acid
EtOH, ethanol
HpETE, hydroperoxyeicosatetraenoic acid
LO, lipoxygenase
LTA4, leukotriene A4
LTB4, leukotriene B4
LTC4, leukotriene C4
MeOH, methanol
NEM, N-ethylmaleimide
RP-HPLC, reverse phase-HPLC
SDA, stearidonic acid

1. Introduction
N-3 PUFA are a family of fatty acids typically ranging from 18 to 22
carbons in length with varying degrees of unsaturation. The shortest
and least unsaturated n-3 PUFA, alpha-linolenic acid (18:3 n-3, ALA), is
an essential fatty acid that can be converted into longer chain more
unsaturated n-3 PUFA such as the cardio-protective eicosapentaenoic
acid (20:5 n-3, EPA) [1] as a result of desaturase- and elongase-catalyzed reactions. However, this conversion is not very eﬃcient due to the
poor transformation of ALA to stearidonic acid (18:4 n-3, SDA)

⁎

catalyzed by Δ6-desaturase [2–4]. Consequently, the consumption of
ALA results in limited accrual of more unsaturated PUFA in tissues.
However, consumption of SDA found in dietary oils such as Buglossoides
arvenis oil and Echium oil, leads to a greater increase of EPA in tissues
than that measured with dietary ALA [2–4] since the rate-limiting Δ6desaturase step has been bypassed [3]. Dietary SDA does not accumulate in tissues as it appears to be readily elongated to 8,11,14,17-eicosatetraenoic acid (20:4 n-3, ETA) whose content also increases in
plasma, neutrophils and mononuclear cells following consumption of
SDA-containing oils [3–5].
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and the presence or absence of 25 µM ETA. NEM maximizes 5-LO
product biosynthesis by inhibiting the GSH/GSSH oxydoreductive cascade [15]. Cell stimulation was stopped by addition of 0.5 volume of
methanol (MeOH) containing 25 ng of 19-OH-PGB2 (internal standard).
Proteins were precipitated overnight at −20 °C, samples were then
centrifuged at 1250 x g for 5 min and resulting supernatants were
concentrated by solid phase extraction on Thermo Scientiﬁc™ HyperSep™ C18 columns. Brieﬂy, columns were pre-washed with MeOH
followed by 0.1% acetic acid. Supernatants were diluted to 10% MeOH,
acidiﬁed to 0.1% acetic acid and added to the columns, which were
then washed with 0.1% acetic acid. Samples were eluted with MeOH,
dried with gaseous N2 and resuspended in MeOH.

ETA is an isomer of the n-6 PUFA arachidonic acid (20:4 n-6, AA),
which is a substrate for lipoxygenases and cyclooxygenases producing
bioactive lipid mediators such as leukotrienes and prostaglandins with
important immunomodulatory activities [6,7]. 5-lipoxygenase (5-LO),
primarily expressed in leukocytes such as neutrophils and monocytes/
macrophages, catalyzes the oxygenation of AA to leukotriene A4 (LTA4)
which is converted to the pro-inﬂammatory chemotactic leukotriene B4
(LTB4) by LTA4 hydrolase and to the broncho-constrictive cysteinylleukotrienes by leukotriene C4 (LTC4) synthase. Long chain n-3 PUFA
like EPA, docosapentaenoic acid (DPA) and docosahexaenoic acid
(DHA) are also substrates for lipoxygenases and are the precursors of
compounds associated with the resolution of inﬂammation such as the
resolvins, protectins and maresins [8–10].
ETA has also been shown to be a substrate for lipoxygenases and
cyclooxygenases. Activated platelets can convert ETA to 12‑hydroxy‑8,10,14,17-eicosatetraenoic acid and 12‑hydroxy‑8,10,14-heptadecatrienoic acid by 12-LO-dependent and cyclooxygenase-dependent
mechanisms, respectively [11]. Careaga and Sprecher [11] also reported several monohydroxy 20:4 n-3 fatty acids produced by 12-lipoxygenase while ram vesicular glands generated 17,18-dehydroprostaglandin E1 [12] and Δ17-PGE1 [13] derived from ETA.
Although it is clear that ETA is a substrate for PUFA-metabolizing enzymes, no biological activity has been reported for these ETA metabolites and no 5-LO-catalyzed metabolites have been reported to date.
Since ETA content increases in leukocytes following the consumption of SDA-rich oils, the objective of the present study was to investigate the possible oxygenation of ETA catalyzed by 5-LO, and to
explore the possible biological activity of identiﬁed metabolites. We
now report the 5-LO-dependent biosynthesis of two ETA-derived compounds, one of which possesses potential anti-inﬂammatory activity.

2.5. Analysis of 5-LO products by reverse-phase HPLC
Separation of 5-LO metabolites was done by reverse-phase high
performance liquid chromatography (RP-HPLC) as previously described
with minor modiﬁcations [16]. Samples were eluted from a Gemini®
3 μm NX-C18 110 Å LC Column (150 × 4.6 mm) (Phenomenex, CA,
USA) on an Agilent 1100 HPLC equipped with an Oasis HLB cartridge
column (3.9 × 20 mm, 15 μm particle size) (Waters, MA, USA) for inline extraction. Initially, the in-line extraction was performed at 3 mL/
min with 0.1% acetic acid followed by a solvent change to 100% solvent A (54% H2O, 23% acetonitrile, 23% MeOH, 0.0037% ammonium
acetate) with a Rheodyne® valve to change the ﬂow to the Gemini
column. Elution ﬂow rate was 0.55 mL/min. At 7.75 min the phase was
changed to 85% solvent A and 15% solvent B (32% acetonitrile, 5%
H2O, 63% MeOH and 0.015% ammonium acetate). It was then changed
to 45% solvent A (55% solvent B) at 10.5 min followed by 30% solvent
A (70% solvent B) at 16.3 min and lastly at 19.6 min solvent phase was
changed to 100% solvent B and maintained until 25 min. Products with
UV absorbance at 270 and 236 nm were detected. Fractions of peaks
present in samples from HEK293 5-LO/FLAP cells stimulated in the
presence of 20:4 n-3 and absent in controls (HEK293 5-LO/FLAP in the
absence of fatty acid, and HEK293 + 20:4 n-3) were collected, dried
(under a gaseous N2 stream) and resuspended in ethanol (EtOH).

2. Materials and methods
2.1. Ethics
The Université de Moncton Human Research Ethics Committee approved this study. The study was described to eligible participants and
all subjects provided written informed consent prior to participation.

2.6. Identiﬁcation of ETA-derived 5-LO products by tandem mass
spectrometry

2.2. Reagents
The peaks collected following HPLC separation were analyzed using
a Dionex Ultimate 3000 liquid chromatograph coupled to a ThermoFisher Scientiﬁc Linear Ion Trap (LTQ-XL) using a Hypersil Gold C18
column (150 mm x 2.1 mm i.d.) with a linear solvent gradient of 50%
(in H2O) to 100% MeOH during 40 min at a ﬂow rate of 100 μL/min.
Solvents were HPLC-grade. The mass spectrometer was operated in
negative ion mode with LC-MS spectra collected in full scan mode over
an m/z range of 200–800 to determine retention time of metabolites.
The MS/MS collision energy was set to 35% with an isolation mass
width of 3. Interface parameters for the mass spectrometer were as
follows: sheath gas (15, arbitrary units), auxiliary gas (1, arbitrary
units), capillary temperature (250 °C), capillary voltage (−45 V) and
tube lens voltage (−150 V). Product ion scanning of negatively charged
precursor ion masses 319 (monohydroxylated derivatives of 20:4 n-3)
and 335 (dihydroxylated derivatives of 20:4 n-3) resulted in fragmentation spectra for 20:4 n-3 metabolites. MS/MS spectra were analyzed
by applying fragmentation patterns of 5(S)-hydroxyeicosatetraenoic
acid (5-HETE) and 5(S),12(R)-dihydroxy- 6Z,8E,10E,14Z-eicosatetraenoic acid (LTB4) available on LIPID MAPS Lipidomics Gateway
(www.lipidmaps.org). Decarboxylation, dehydration and alpha‑hydroxy fragmentation as deﬁned by Wheelan et al. [17] were also applied to hypothetical parent ions to generate candidate fragments.

The leukotriene A4 inhibitor SC 57461A was purchased from
Toronto
Research
Chemicals
(Toronto,
ON,
Canada).
19(R)‑hydroxy‑prostaglandin B2 (19-OH-PGB2) and 8,11,14,17-eicosatetraenoic acid (20:4 n-3, ETA) were purchased from Cayman Chemical
(Ann Arbor, MI, USA). Lymphocyte Separation Medium was purchased
from Wisent (St. Bruno, QC, Canada). Arachidonic acid (AA) was purchased from Nu-Chek Prep (Elysian, Minnesota, USA). Calcium ionophore A23187 was purchased from Abcam (Cambridge, UK). NEthylmaleimide (NEM) was purchased from VWR (Radnor,
Pennsylvania, USA). Adenosine deaminase (ADA) was purchased from
Sigma-Aldrich (St. Louis, MO, USA).
2.3. Cell culture
HEK293 cells (ATCC, Manassas VA, USA) and HEK293 cells stably
expressing 5-LO and 5-LO activating protein (HEK293 5-LO/FLAP) [14]
were cultured in DMEM containing 10% FBS, 100 U/mL penicillin and
100 μg/ml streptomycin at 37 °C in a 5% CO2 atmosphere. Cells were
discarded after 20 passages.
2.4. Stimulation of cells in presence of exogenous 20:4 n-3
HEK293 and HEK293 5-LO/FLAP cells, suspended at 10 or 20 × 106
cells/mL in HBSS supplemented with 1.6 mM CaCl2, were stimulated
(15 min, 37 °C) with 10 μM of A23187 in the presence of 50 µM NEM

2.7. Inhibition of LTA4 hydrolase activity
HEK293 5-LO/FLAP cells (10 × 106 cells/mL) were exposed to 1 μM
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Fig. 1. Representative chromatograms of stimulated HEK293 5-LO/FLAP and HEK293 cells.
HEK293 5-LO/FLAP or HEK293 cells were incubated with or without 25 μM of 20:4 n-3 and 10 μM of calcium ionophore (A23187) for 15 min at 37 °C as described in
the Methods. Samples were then processed and were resolved by HPLC as described in the Methods. (A) Products of HEK293 5-LO/FLAP cells with 20:4 n-3 (−−−)
or without 20:4 n-3 (− − −) and HEK293 cells with 20:4 n-3 (⋅⋅⋅) absorbing at 236 nm (A) and 270 nm (B). The insert shows the UV spectra of the compounds eluting
at 14.8 and 18.7 min. (B). These chromatograms are representative of 3 independent experiments.

2.9. Neutrophil chemotactic assay

LTA4 hydrolase inhibitor (SC 57461A) or an equal volume of DMSO for
5 min. Cells were then incubated with 25 µM 20:4 n-3 for 2 min and
were then stimulated with 10 µM A23187 to initiate production of 5-LO
metabolites. Reactions were stopped after 10 min with 0.5 volume of
MeOH containing 25 ng of 19-OH-PGB2. Samples were then prepared
for HPLC analysis as described above.

Neutrophils (2.5 × 106 cells/mL) were suspended in HBSS containing 1.6 mM CaCl2 and 5% heat inactivated FBS. Neutrophils were
incubated for 5 min at 37 °C following the addition 0.3 U/mL adenosine
deaminase and were then pre-treated with 20:4 n-3 metabolites isolated
from HEK293 5-LO/FLAP cells at various concentrations (1 nM, 10 nM
or 100 nM) or an equivalent volume of DMSO (vehicle control) for
5 min at 37 °C. Cells (5 × 105/200 µL) were transferred into Falcon Cell
Culture Inserts with 3.0 μm pores with transparent PET membrane and
allowed to migrate for 2 h at 37 °C (5% CO2) into a lower chamber
containing 700 µL of HBSS (with 1.6 mM CaCl2) with the chemoattractant agent LTB4 (2, 1 or 0.2 nM), the 20:4 n-3 metabolites or their
diluent DMSO. After 2 h, inserts were discarded and cells that migrated
into the lower chamber were counted using a MOXI Z Mini automated
cell counter (Orﬂo Technologies, Ketchum, ID, USA).

2.8. Human neutrophil isolation and stimulation
Neutrophils were isolated from heparinized whole blood. Brieﬂy, 3
volumes of whole blood were diluted with 2 volumes of 1.5% dextran
(in HBSS), mixed gently by inversion and erythrocytes were allowed to
settle for 45 min. The supernatant was collected and diluted 1:1 with
HBSS and centrifuged at 209 x g (10 min). The pellet was loosened by
gentle agitation, resuspended in HBSS, and slowly placed on a cushion
of Lymphocyte Separation Medium (Density: 1.077 g/ml). Cells were
then centrifuged at 836 x g (20 min) with minimal brake. The resulting
cell pellet was resuspended in H2O for exactly 20 s at which time 0.1
volume of 10X HBSS was rapidly added with mixing. Cells were washed
twice with HBSS by centrifugation at 209 x g and the pellet was resuspended in HBSS containing 1.6 mM CaCl2 and 0.3 U/ml ADA.
Neutrophils (5 × 106) were then incubated for 5 min with 1 nM,
10 nM or 100 nM of the compounds collected in HPLC fractions from
HEK293 5-LO/FLAP cells stimulated in the presence of 20:4 n-3, or with
the equivalent HPLC fractions collected from HEK293 cells stimulated
in the presence of 20:4 n-3. Concentrations were calculated based on
the molar extinction coeﬃcients for monohydroxy- (conjugated diene,
ε = 27,000 at 236 nm) and dihydroxy-eicosatetraenoic acids (conjugated triene, ε = 50,000 at 270 nm). Cells were then stimulated with
3 µM of AA for 2 min at 37 °C as previously described [18]. The reactions were stopped with 0.5 volume of MeOH containing 25 ng of 19OH-PGB2. The homogenates were stored at −20 °C overnight for protein precipitation. Samples were then centrifuged at 1250 x g at 4 °C
(5 min) and 5-LO products quantiﬁed by RP-HPLC as previously described [16].

2.10. 5-LO activity in HEK293 5-LO/FLAP cell homogenates
HEK293 5-LO/FLAP cells were washed in HBSS and resuspended
(10 × 106 cells/mL) in cold hypotonic buﬀer (HB; 50 mM Tris HCl pH
7.6, 150 mM NaCl and 2 mM EDTA). Cells were incubated on ice for
10 min. Cells were then lysed by abruptly passing them through a 21 G
needle ten times and homogenates were centrifuged (3 800 x g, 4 °C,
5 min). Supernatant equivalent to one million lysed cells was added to 9
volumes of cold HB containing 5 mM CaCl2 and 100 nM of the test
compound or DMSO (diluent) and incubated at 37 °C for 5 min.
Adenosine-5′-triphosphate (1 mM) was added. Five minutes later, AA
(0.1, 1 or 5 µM) or EtOH (diluent) was added and the 5-LO reaction was
allowed to proceed for 20 min at 37 °C. Reactions were stopped by
adding 0.5 volume of MeOH: Acetonitrile (1:1) containing 100 ng/mL
19-OH-PGB2. Samples were stored overnight at −20 °C, centrifuged
(1250 x g, 4 °C, 5 min) and 5-LO products were quantiﬁed by RP-HPLC
as previously described [16].
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m/z 319 is displayed in Fig. 2. Dehydration of the parent ion is observed
at m/z 301, consistent with a monohydroxylated parent ion. A fragment
with a m/z of 257 was also detected, consistent with a dehydration and
decarboxylation of the parent ion. Lastly, fragmentation of hydroxy
fatty acids often occurs near the hydroxyl group [17] and the presence
of fragments with m/z 157 as well m/z 161 is consistent with the
fragmentation of an 8‑hydroxy fatty acid giving an overall fragmentation pattern consistent with 8‑hydroxy‑9, 11, 14, 17-eicosatetraenoic
acid (Δ17-8-HETE).
The fragmentation spectrum of the hypothetical dihydroxylated
conjugated triene's parent ion (M-H)− at m/z of 335 is shown in Fig. 3.
Dehydration of the parent ion is visible at m/z 317. As stated above,
fragmentation of fatty acids often occurs near the hydroxyl groups and
the observed fragments with m/z 157 and m/z 265 are consistent with
the presence of 8‑hydroxy and 15‑hydroxy groups, respectively. Thus,
the identity of the dihydroxylated triene was 8, 15-dihydroxy-9, 11, 13,
17-eicosatetraenoic acid (Δ17-8,15-diHETE).

2.11. Statistical analyses
Data were analyzed for statistical diﬀerences using GraphPad Prism
version 6 (La Jolla, CA, USA) as indicated in ﬁgure legends.
3. Results
3.1. HPLC analysis of ETA-derived 5-LO products
When cells were stimulated in the presence of 20:4 n-3 (25 µM), the
resulting HPLC chromatograms showed two peaks absorbing at 236 nm
and 270 nm that were generated by HEK293 5-LO/FLAP cells but not
HEK293 cells (Fig. 1). These peaks were also absent in HEK293 5-LO/
FLAP cells incubated in the absence of 20:4 n-3. The metabolite eluting
at 18.7 min showed a UV absorption spectrum with a maximal absorption at 236 nm and the unimodal appearance typical of monohydroxy fatty acids (Fig. 1A). The metabolite eluting at 14.8 min had a
UV absorption spectrum with a maximum absorption at 270 nm as well
as a trimodal appearance that is characteristic of a dihydroxylated fatty
acid with a conjugated triene (Fig. 1B). As expected, the ionophorestimulated HEK293 5-LO/FLAP cells also produced LTB4 from endogenous arachidonic acid. The putative conjugated diene and conjugated triene peaks were collected for further analyses, as were the
equivalent HPLC fractions from the control cells.

3.3. Inhibition of Δ17-8,15-diHETE biosynthesis with LTA4 hydrolase
inhibitor
To investigate the implication of LTA4 hydrolase in the biosynthesis
of Δ17-8,15-di-HETE, cells were stimulated in the presence or absence of
the LTA4 hydrolase inhibitor SC 57461A (1 μM). When HEK293 5-LO/
FLAP cells were stimulated in the presence of 20:4 n-3, SC 57461A
inhibited Δ17-8,15-diHETE biosynthesis as well as that of LTB4 (that
was generated from endogenous AA) without aﬀecting Δ17-8-HETE
production (Fig. 4).

3.2. Identiﬁcation of ETA metabolites by LC-MS/MS
The HPLC peaks corresponding to the two unknown compounds
were analyzed by negative-mode MS and compounds with ions m/z (MH)−: 319 and (M-H)−: 335 were identiﬁed for the putative diene and
triene, respectively. These masses are consistent with monohydroxylated
and
dihydroxylated
compounds,
respectively.
Fragmentation spectra of the two compounds were generated using
tandem mass spectrometry. The fragmentation spectrum of the hypothetical monohydroxylated conjugated diene's parent ion (M-H)− at

3.4. Inhibition of AA-induced leukotriene biosynthesis by 20:4 n-3
metabolites in human neutrophils
To test the hypothesis that the 20:4 n-3 metabolites may impede on
leukotriene B4 receptor 1 (BLT1) receptor-dependent cell activation,
human neutrophils were pre-incubated with each novel metabolite (1,

Fig. 2. LC-MS/MS spectrum of Δ17-8-HETE.
The unknown peak from Fig. 1A was resolved by liquid chromatography and resulting parent ion identiﬁed with ([M-H]−: 319) was fragmented. Fragments with m/z
157 and 161 result from cleavage of the C8-C9 bond. The fragment with the m/z 301 is the result of dehydration of the parent ion while m/z 257 is the result of the
dehydration and decarboxylation of the parent ion. The unknown peak was identiﬁed as Δ17-8-HETE.
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Fig. 3. LC-MS/MS spectrum of Δ17-8,15-diHETE.
The unknown peak from Fig. 1B was resolved by liquid chromatography and resulting parent ion identiﬁed with ([M-H]−: 335) was fragmented. Fragments with m/z
157 and 159 result from fragmentation of the C8-C9 bond and m/z 265 from that of the C15-C16 bond. Fragments with m/z 317 is the result of dehydration of the
parent ion. The unknown peak was identiﬁed as Δ17-8,15-diHETE.

3.5. 5-LO activity is not modulated by Δ17-8,15-diHETE
A complete inhibition of the autocrine loop by Δ17-8,15-diHETE
suggests that the Δ17-8,15-diHETE is an antagonist of LTB4 receptor,
BLT1. Alternatively, Δ17-8,15-diHETE may be targeting 5-LO activity.
To test this latter possibility, HEK 5-LO/FLAP homogenates were exposed to 100 nM Δ17-8,15-diHETE and provided AA at concentrations
0.1, 1 or 5 μM to initiate 5-LO product synthesis. In the presence of
100 nM Δ17-8,15-diHETE, the production of AA-derived leukotrienes by
HEK 5-LO/FLAP homogenates was not diﬀerent from that of HEK 5-LO/
FLAP homogenates incubated in the absence of Δ17-8,15-diHETE, suggesting that Δ17-8,15-diHETE does not directly inhibit 5-LO activity
(Fig. 5B).
3.6. Inhibition of LTB4-induced neutrophil migration by Δ17-8,15-diHETE
Fig. 4. Biosynthesis of Δ17-8,15-diHETE requires LTA4 hydrolase activity.
HEK293 5-LO/FLAP cells were treated with 1 μM SC 57461A or its diluent
(control) for 5 min. Cell were then stimulated with 10 μM A23187 and 10 µM
20:4 n-3 for 15 min at 37 °C. Samples were then processed and were resolved by
HPLC to quantify LTB4, Δ17-8-HETE and Δ17-8,15-diHETE as described in the
Methods. Data are the average ± range of two independent experiments
(n = 2).

Since Δ17-8,15-diHETE blocks the BLT1 receptor-dependent AA-induced autocrine activation of leukotriene synthesis, it was postulated
that Δ17-8,15-diHETE may be a BLT1 receptor antagonist. Δ17-8,15diHETE and the equivalent fraction from HEK293 cells did not stimulate neutrophil chemotaxis (Fig. 6A). As expected, LTB4 induced polymorphonuclear cells (PMN) chemotaxis at concentrations of
0.2 nM–2 nM. However, Δ17-8,15-diHETE blocked LTB4-mediated chemotaxis of neutrophils by approximately 20% (Fig. 6B).

10 or 100 nM) and were then stimulated with 3 μM AA in order to
engage BLT1 receptor signalling through a well-characterized autocrine
stimulatory loop [16, 18–20]. The production of AA-derived 5-LO
products was signiﬁcantly decreased by preincubation with as little as
10 nM Δ17-8,15-diHETE with a putative IC50 of 3.0 (2.8–3.2) nM (mean
(95% C.I.)) (Fig. 5A). This inhibition of the AA autocrine loop in neutrophils was not observed in neutrophils incubated with the equivalent
HPLC fractions prepared from HEK293 cells. Conversely, the Δ17-8HETE had no inﬂuence on the production of AA-derived 5-LO products
at concentrations up to 100 nM (Fig. 5A).

4. Discussion
Using a cellular model of forced expression of 5-LO, two oxygenated
ETA metabolites, termed Δ17-8-HETE and Δ17-8,15-diHETE, were
identiﬁed as 5-LO products. While Δ17-8-HETE was previously reported
in human platelets as a 12-LO-catalyzed metabolite of ETA [11], this is
the ﬁrst report of its biosynthesis catalyzed by 5-LO. On the other hand,
Δ17-8,15-diHETE is a novel compound. In a manner analogous to the
biosynthesis of LTB4, inhibition of LTA4 hydrolase inhibited the biosynthesis of Δ17-8,15-diHETE by approximately 90%, indicating that
Δ17-8,15-diHETE is the product of sequential enzymatic reactions
42
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Fig. 5. Eﬀect of Δ17-8,15-diHETE on synthesis
of 5-LO products.
(A) Human neutrophils were exposed to 1, 10
or 100 nM of Δ17-8-HETE or Δ17-8,15-diHETE
or the equivalent HPLC fractions collected
from HEK293 cells stimulated in the presence
of 20:4 n-3 (control fraction) for 5 min. 5-LO
product biosynthesis was initiated with 3 µM
AA for 2 min at 37 °C. Samples were then processed and were resolved by HPLC to quantify
5-LO products (5-HETE, 20-OH LTB4, 20COOH LTB4, LTB4, 6-trans-LTB4 and 6trans,12‑epi‑LTB4) as described in the
Methods. Data are presented as percent of positive control (diluent). IC50 for Δ17-8,15diHETE was calculated as 3.0 nM (2.8–3.2)
(mean (95% conﬁdence interval)). Data are the
means ± SEM of ﬁve (n = 5) and three (n = 3)
independent experiments with Δ17-8,15diHETE and Δ17-8-HETE, respectively. (B)
Lysates from HEK293 5LO/FLAP cells were
pre-incubated with 100 nM Δ17-8,15-diHETE or diluent (DMSO) for 5 min at 37 °C. Reactions were then started by addition of AA (5, 1 or 0.1 μM) or an equivalent
volume of AA vehicle (EtOH) for 20 min at 37 °C as described in the Methods. Samples were then processed and resolved by HPLC to quantify 5-LO products. Data are
presented relative to respective positive controls (in the absence of Δ17-8,15-diHETE). Data are the means ± SEM of three independent experiments (n = 3). There
were no diﬀerences compared to the positive controls as determined by 2-tailed students t-tests with α = 0.05.

ETA content is typically not reported in human tissues because of its
low abundance. However, with the recent emergence of 18:4 n-3-containing dietary oils like Echium and Buglossoides oil, measurable
quantities of ETA in human leukocytes, erythrocytes and plasma are
measured after as little as 2–4 weeks of dietary supplementation as a
result of the elongation of 18:4 n-3 [3–5,22]. Thus, natural LTB4 receptor antagonists such as Δ17-8,15-diHETE may be released at inﬂammatory sites when the diet is supplemented with stearidonic acid
and could be of beneﬁt in individuals with inﬂammatory diseases.
Moreover, metabolites of 20:4 n-3 could possibly possess anti-inﬂammatory or pro-resolving activities analogous to the well described
EPA, DPA and DHA -derived resolvins, protectins and maresins [10].
These latter compounds are products of dual lipoxygenase activities and
it is likely that ETA is also a substrate for the generation of such metabolites. Given that the action of a single lipoxygenase can generate a
compound with biological activity as shown in the present study, the
investigation of other putative 20:4 n-3 metabolites and their biological
activities is warranted. Indeed, it was recently shown that consumption
of SDA-rich Buglossoides arvensis oil results in increased circulating
concentrations of the anti-inﬂammatory cytokine interleukin-10 and
that 20:4 n-3 can stimulate the secretion of interleukin-10 in cultured
stimulated macrophages [5].
Although the stereospeciﬁcity of the hydroxyl groups on the Δ17-

catalyzed by 5-LO and LTA4 hydrolase.
This is also the ﬁrst report of biological activity by an oxygenated
20:4 n-3 metabolite. Since long chain n-3 PUFA metabolites are known
to have immunomodulatory activity [21], the ability of Δ17-8-HETE and
Δ17-8,15-diHETE to inhibit human PMN activation was measured using
two diﬀerent assays. Firstly, a stimulation model of human PMN was
utilized where exogenous AA can stimulate human neutrophils though
an autocrine stimulatory loop [19]. In this model, basal 5-LO activity
converts exogenous AA into LTB4 in a calcium-independent manner,
which then activates the BLT1 receptor allowing a more robust cellular
stimulation with a calcium-dependent activation of 5-LO and more
extensive conversion of exogenous AA via the 5-LO pathway [19]. The
Δ17-8,15-diHETE inhibited this activation with an IC50 of 3 nM, whereas
Δ17-8-HETE had no measurable eﬀect at concentrations up to 100 nM.
The Δ17-8,15-diHETE showed no direct inhibition of 5-LO activity in
cell free assays, therefore Δ17-8,15-diHETE most plausibly acted as a
BLT1 receptor antagonist. Secondly, BLT1 receptor antagonism with
Δ17-8,15-diHETE was conﬁrmed in a LTB4-induced neutrophil chemotaxis assay, although only partial inhibition (20%) was measured in this
assay. This is likely because the autocrine stimulatory loop generates
small initial concentrations of LTB4 that are inferior, but perhaps more
physiologically relevant, to those required to induce chemotaxis in the
transwell assay.

Fig. 6. Δ17-8,15-diHETE partially blocks
human neutrophil chemotaxis.
Migratory capacity of human neutrophils was
assessed using the Transwell method as described in the Methods. (A) The percentage of
5 × 105 neutrophils that migrated towards
media (2 h, 37 °C) containing the equivalent
HPLC fraction collected from HEK293 cells
stimulated in the presence 20:4 n-3 (WT), Δ178,15-diHETE (100 nM) or the indicated concentrations of LTB4. ** Signiﬁcantly diﬀerent
(p < 0.05) from the negative control (DMSO
diluent) as assessed by one-way ANOVA followed by a Dunnett's test. (B) The inhibition of
LTB4-induced neutrophil migration by Δ178,15-diHETE (100 nM). *Signiﬁcantly diﬀerent
(p < 0.05) from respective LTB4 controls as
assessed by two-sided students t-test. Data are
the means ± SEM of three independent experiments (n = 3).
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8,15-diHETE described here was not determined, by analogy to the
reactions catalyzed by 5-LO and LTA4 hydrolase [7,23–25] using AA as
the substrate, it is proposed that 5-LO catalyzes an abstraction of a ProS hydrogen on C10 leading to the formation of Δ17-8(S)-HpETE, with
subsequent analogous reactions including the removal of a pro-R hydrogen at C13 generating an 8,9-epoxide followed by the addition of
water to C15, leading to a ﬁnal product that would be 8(S),15(R)-dihydroxy-9,11,13,17-(Z,E,E,Z)-eicosatetraenoic acid. The possibility that
the Δ17-8,15-diHETE was the result of sequential 5-LO and 15-LO or 12LO catalyzed reactions [26] was ruled out since HEK293 cells do not
produce 12-LO- or 15-LO-derived HETEs in the presence of exogenous
AA or ETA. Interestingly, unlike the 8,9-epoxide of 20:3 n-6 [23] and
the 5,6-epoxide of mead acid (20:3 n-9) [27,28] which are very poor
substrates for LTA4 hydrolase, the Δ17-8,9-epoxide derived from ETA is
a LTA4 hydrolase substrate likely because of the presence of a double
bond at C17 adjacent to the site of the hydrolase action [28] suggesting
that an adjacent double bond is required for substrate selectivity of this
enzyme.
Current dietary sources of long-chain n-3 PUFAs are mainly of
marine origin. However, diminishing ﬁsh stocks 29–31] have led to
current eﬀorts to identify sustainable and eﬃcacious sources of n-3
PUFA. Such alternative sources include plant-derived oils that are rich
in stearidonic acid (SDA, 18:4 n-3) whose consumption leads to increased tissue concentrations of 20-carbon n-3 PUFA including 20:4 n3. The current study suggests that this n-3 PUFA is a precursor to
compounds that possess anti-inﬂammatory properties.
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