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a b s t r a c t
Lipoxygenase (ALOX) enzymes are implicated in both pro- and anti-atherogenic processes. The aim of
this study was to investigate mRNA expression of 12- and 15-lipoxygenases (ALOX12, ALOX12B, ALOX15,
ALOX15B) and the atypical ALOXE3 in human carotid atherosclerotic lesions, in relation to cerebrovascular symptoms and risk factors.
The Biobank of Karolinska Endarterectomies (BiKE) collection of human carotid plaque tissue and associated clinical data was utilized (n = 132). Lesion mRNA levels were analyzed by TaqMan qPCR (n = 132)
and microarray hybridization (n = 77).
Of the investigated mRNAs, only ALOX15B (15-LOX-2; epidermis-type 15-LOX) was readily detected in
all plaque samples by qPCR, and thus suitable for quantitative statistical evaluation. ALOX12, ALOX12B,
ALOX15 and ALOXE3 were detected with lower frequency and at lower levels, or virtually undetected.
Microarray analysis conﬁrmed ALOX15B as the most abundant 12- or 15-lipoxygenase mRNA in carotid
lesions. Comparing plaques with or without attributable cerebrovascular symptoms (amaurosis fugax,
transient ischemic attack, or stroke), ALOX15B mRNA levels were higher in symptomatic than asymptomatic plaques (1.31 [1.11–1.56], n = 102; and 0.79 [0.55–1.15], n = 30, respectively; p = 0.008; mean
[95% CI], arbitrary units). Multiple regression analysis conﬁrmed symptomatic/asymptomatic status as
a signiﬁcant determinant of ALOX15B mRNA levels, independently of potentially confounding factors.
Immunohistochemical analyses showed abundant ALOX15B expression in macrophage-rich areas of
carotid lesions, and lipidomic analyses demonstrated the presence of typical ALOX15B products in plaque
tissue.
In summary, we observed associations between high ALOX15B expression in carotid lesions and a history of cerebrovascular symptoms. These ﬁndings suggest a link between ALOX15B and atherothrombotic
events that merits further investigation.
© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
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AA, arachidonic acid; ALOX, lipoxygenase; CVD, cardiovascular disease; FA, fatty acid; HETE, hydroxy-eicosatetraenoic acid; KETE,
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polymerase chain reaction.
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Lipoxygenase (ALOX) enzymes have been implicated in both
pro- and anti-atherogenic processes [1–4]. Human lipoxygenases
constitute a group of 6 functional ALOX genes; 5-lipoxygenase
(5-LO, ALOX5), platelet-type 12-LOX (ALOX12), reticulocyte-type
15-LOX (15-LO, 15-LOX-1, ALOX15), epidermis-type 12(R)-LOX
(ALOX12B), epidermis-type 15-LOX (15-LOX-2, ALOX15B), and
epidermis-type LOX3 (ALOXE3) [2,3]. Biochemical studies have
however demonstrated that ALOXE3 is not a typical lipoxyge-

412

K. Gertow et al. / Atherosclerosis 215 (2011) 411–416

nase, but more correctly described as a hydroperoxide isomerase
[5].
ALOX enzymes metabolize arachidonic acid (AA) and linoleic
acid (LA) into oxygenated fatty acid (FA) derivatives (oxylipins)
with a wide range of physiological and pathological functions
such as regulation of inﬂammation and cell proliferation, and have
therefore gained great interest with respect to e.g. inﬂammatory
and allergic disorders, cancer, and cardiovascular disease (CVD)
[1–4,6,7].
The importance of the ALOX5 pathway of leukotriene (LT) production and signalling in vascular disease was highlighted by
human genetic association studies, and cardiovascular clinical trials targeting this pathway have been initiated [1,7]. “Platelet-type”
ALOX12 and “reticulocyte-type” ALOX15 have been studied extensively in vitro and in animal models of CVD, but studies in human
disease are scarcer [2–4]. However, the discovery of high ALOX15B
expression in human carotid lesions indicated that “epidermistype” lipoxygenases (at least this speciﬁc member) may be relevant
in human atherosclerosis [8,9], and therefore further studies of 12and 15-lipoxygenases are warranted.
We have previously characterized human carotid lesion expression of ALOX5 and other genes involved in LT synthesis and
signalling, and found that enzymes of the LT pathway are increased
in patients with recent symptoms of plaque instability [10]. The
current aim was to expand our studies of ALOX genes in human
atherosclerosis by investigating mRNA expression of 12- and 15lipoxygenases (ALOX12, ALOX12B, ALOX15, ALOX15B) and the
atypical ALOXE3 in human carotid lesions, in relation to cerebrovascular symptoms and risk factors.
2. Methods
2.1. Human subjects, tissue specimens and clinical data
Human plaque tissue was obtained from the Biobank of
Karolinska Endarterectomies (BiKE) study. BiKE includes asymptomatic/symptomatic patients diagnosed with >70% carotid artery
stenosis (NASCET criteria) referred to the Department of Vascular Surgery for surgical treatment of severe carotid artery stenosis.
Endarterectomy specimens were washed in PBS and divided longitudinally into two pieces, one of which was immediately frozen
and stored at −80 ◦ C until RNA extraction and the other prepared
for immunohistochemical analysis as previously described [10].
Several clinical variables were registered, including gender, clinical chemistry, medication, and last recorded symptoms of plaque
instability, deﬁned as cerebral transitory ischemic attacks, minor
stroke, and/or amaurosis fugax, prior to the endarterectomy procedure. Informed consent was obtained from all subjects, and the
investigation was approved by the Ethical Committee of Northern
Stockholm and was in agreement with institutional guidelines and
the principles set forth in the Declaration of Helsinki. A total of 132
patients were included for lesion expression analysis by quantitative PCR (qPCR), of which n = 77 were also analyzed by microarray
experiments.
2.2. RNA extraction and qPCR
The frozen plaques were cut into small pieces on dry ice and
transferred to FastPrep shaking tubes containing ceramic beads
(Qbiogene) and an equal volume of RLT-lysis buffer and phenol,
and the tissue was disrupted using FastPrep FP120 equipment
(Qbiogene). RNA puriﬁcation was performed using RNeasy total
RNA isolation kit (Qiagen), including a DNase treatment step. RNA
quantity and quality were determined using ND-1000 spectrophotometer (NanoDrop Technologies) and Agilent Bioanalyzer 2100

(Agilent Technologies) equipment. For qPCR, cDNA was synthesized
from 2 g of total RNA using random hexamer primers and Superscript II (Invitrogen), with RNA protection by RNAsin (Promega).
Quantitative TaqMan real-time PCR was performed with the ABI
Prism 7700 sequence detector and software (Applied Biosystems).
Samples were run for 40 cycles in duplicate, taking the mean of
duplicate cycle threshold (Ct ) values as measured value. A dilution
series of a human multi-cell line reference cDNA (Promega) was utilized as positive control. Relative expression was determined by the
Ct method using the total sample mean as calibrator [11], with
normalisation to the geometric mean of multiple stably expressed
transcripts (ribosomal protein, large, P0 [RPLP0] and TATA-box
binding protein [TBP]) in accordance with Vandesompele [12]. The
following assays-on-demand were used: ALOX12 Hs00167524 m1,
ALOX12B Hs00153961 m1, ALOX15 Hs00609608 m1, ALOX15B
Hs01000551 m1, ALOXE3 Hs00222134 m1, RPLP0 433761F, TBP
4333769F.
2.3. Microarray analysis
Biotinylated RNA was generated using 10 g of total RNA.
Biotin-labeled cRNA was hybridized to Affymetrix HG-U133 plus
2.0 Genechip® arrays, stained, washed and scanned according to
standard Affymetrix® protocol (www.affymetrix.com) at the BEA
Karolinska core facility for expression analysis. CEL-ﬁles used in
data analysis were generated with Affymetrix software, and robust
multi-array average (RMA) [13] normalisation was performed as
implemented in the Affymetrix Power Tools 1.10.2 package aptprobeset-summarize. Processed gene expression data were returned
in a log2 -scale.
2.4. Immunohistochemical analysis
Serial parafﬁn-embedded sections (5 m) of human carotid
atherosclerotic lesions were analyzed by immunohistochemistry
after high-temperature antigen unmasking. Sections were stained
with polyclonal rabbit anti-human ALOX15B (1:350; Cayman
Chemical), monoclonal mouse anti-human CD68 (1:200; Leica
Microsystems), monoclonal rabbit anti-human/mouse cleaved
caspase-3 (Asp 175; 1:50; R&D Systems), monoclonal mouse antihuman von Willebrand Factor (VWF; 1:1000; Dakopatts), and
monoclonal mouse anti-human smooth muscle ␣-actin (1:400;
Dakopatts). Detection was performed with Mach2 Double Stain 2
and Mach3 Polymer Detection technology (BioCare Medical), using
Vulcan Fast Red (BioCare Medical) and Cardassian DAB Chromogen
(BioCare Medical). Rabbit IgG1 and mouse IgG1 (BioCare Medical)
were utilized as negative controls. Hematoxylin (Vector Laboratories) was used for nuclear staining.
2.5. LC–MS/MS analysis of lesion oxylipins
In order to assess the presence of lipoxygenase activity in vivo,
oxylipins were quantiﬁed (as pmol/g tissue) in 3 plaque tissue
samples (1 asymptomatic, 2 symptomatic) using modiﬁcations
of previously reported procedures [14,15]. Brieﬂy, from plaques
held on dry ice, a ∼100 mg sub-sample was removed by shaving and placed into a 4 mL polypropylene cryotube on wet ice
containing 5 L of 0.2 mg/ml EDTA/butylated hydroxytoluene in
methanol:water. Deuterated surrogates in 10 L methanol were
immediately introduced to sub-samples and 500 L iced, argonpurged methanol was added. Samples were homogenized on
wet ice, followed by 5-min 0 ◦ C centrifugation. Supernates were
removed and diluted with de-ionized water to a 10% methanol
content and extracted using Oasis HLB solid phase extraction cartridges. Analytes were eluted with methanol followed by ethyl
acetate into cryotubes containing 5 L 30% glycerol in methanol.
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Extraction solvents were stripped via SpeedVac centrifugation
(Heto Laboratory Equipment A/S). Residues were resuspended
in 100 L of 400 nmol/L 1-cyclohexyluriedo-3-dodecanoic acid
(CUDA; Cayman Chemical) in methanol, vortexed, and ﬁltered at
0.1 m using Amicon Ultrafree-MC durapore PVDF ﬁlters (Millipore). Analytes were separated by reverse phase ultra performance
liquid chromatography (UPLC; Waters Corp.) on a 1.7 m Acquity
BEH column as described [15]. Oxylipins were detected by negative mode electrospray ionization tandem quadrupole mass
spectroscopy using published methods [15]. Ionization and fragmentation energies for the reported oxylipins were optimized for
analysis on an API 4000 QTrap (Applied Biosystems). Oxylipin quantities were expressed as relative composition for presentation and
statistical analysis.
2.6. Statistical analysis
Data are presented as mean with 95% conﬁdence interval (95%
CI) unless otherwise speciﬁed. Differences between means were
evaluated by one-way ANOVA or Student’s t-test. Non-normally
distributed variables (levels of ALOX15B mRNA, triglycerides, Creactive protein [CRP]) were log-transformed prior to parametric
statistical testing. Linear regression and correlation analysis were
used to evaluate relationships between continuous variables. Multiple linear regression analysis with categorical data coded as
dummy variables was used to evaluate independent determinants
of ALOX15B expression. A p-value < 0.05 was considered statistically signiﬁcant.
3. Results
3.1. Study subjects
Detailed characteristics of the 132 study subjects are provided
in Supplementary Table I. Subjects were on average 71 years of
age, 78% were male, and the vast majority (circa 80–90%) were
prescribed anti-platelet, anti-hypertensive and/or lipid-lowering
drugs (statins). Furthermore, 77% had symptomatic carotid lesions,
i.e. had recently experienced amaurosis fugax, a transient ischemic
attack, or a stroke that was attributed to the lesion for which the
patient underwent endarterectomy. Among symptomatic lesions,
39% were associated with stroke.
3.2. ALOX expression levels
Of the ﬁve ALOX genes analyzed by TaqMan qPCR in this
study (ALOX12, ALOX12B, ALOX15, ALOX15B, ALOXE3), only
ALOX15B was readily detected in all plaque samples and thus suitable for quantitative statistical evaluation (whole-sample median
Ct = 29.3). The other ALOX mRNAs were detected with lower frequency and at later Ct values or virtually undetected, although
positive control cDNA was readily ampliﬁed. For these 4 genes,
the whole-sample median Ct values were 36.6 for ALOX12, 37.6
for ALOX15, 39.5 for ALOXE3, and above the 40-cycle threshold for
ALOX12B, whereas positive control cDNA Ct values ranged from
23.9 to 26.6.
Expression levels of ALOX genes were investigated in carotid
lesions by microarray analysis, including ALOX5 for reference
(Fig. 1). For genes represented by multiple probesets on the
microarray (ALOX5, ALOX15B, ALOXE3), the probeset giving the
highest signal was considered. This analysis indicated ALOX15B as
the most abundantly expressed gene second to ALOX5, as expected
from the qPCR results. ALOX12, ALOX12B and ALOX15 mRNA were
observed at levels approaching those of negative control genes. For
ALOXE3 one of the two probesets (207708 at) gave signals well
over negative control, whereas the other resulted in signals below

Fig. 1. Expression levels of ALOX mRNA in carotid lesions according to microarray
hybridization (n = 77). The probeset giving the highest signal on average is shown
for genes represented by multiple probesets on the microarray (ALOX5 204446 s at
[4 probesets], ALOX15B 206714 at [2 probesets], ALOXE3 207708 at [2 probesets],
ALOX12B 207381 at, ALOX12 207206 s at, ALOX15 207328 at). The dotted line indicates an approximate threshold for signiﬁcant mRNA expression, set according
to signal intensities of negative control probesets. The second ALOXE3 probeset
(222383 s at) gave signals below that of negative control probesets (not shown).
Bars are shaded according to the results of TaqMan qPCR analyses; genes which
were robustly expressed according to qPCR are represented by grey bars, genes that
were not by white bars. Data are mean with 95% CI.

negative control (222383 s at; not shown). We found no apparent explanation for this discrepancy by computer-based sequence
analysis.
Immunohistochemical evaluation of serial sections of carotid
lesions showed abundant ALOX15B expression in macrophage
(CD68)-rich lesion areas (Fig. 2A). ALOX15B was found to colocalize with CD68 and cleaved caspase-3, a marker of apoptosis,
and endothelial marker VWF (Fig. 2B and C; Supplementary Fig. I).
3.3. ALOX15B clinical correlations
Associations between ALOX15B mRNA levels analyzed by qPCR
and variables describing vascular events and risk factors (listed
in Supplementary Table I) were investigated. ALOX15B mRNA
levels were found to be signiﬁcantly higher in symptomatic
than asymptomatic lesions (1.31 [1.11–1.56], n = 102, versus 0.79
[0.55–1.15], n = 30; p = 0.008). Moreover, ALOX15B levels were
lower in patients with diagnosed diabetes (0.87 [0.64–1.19], n = 33,
versus 1.29 [1.08–1.55], n = 99; p = 0.03), and weakly negatively
correlated with cholesterol concentrations (r = −0.18, p = 0.04).
Although not signiﬁcant, ALOX15B mRNA tended to be higher in
patients on anti-hypertensive therapy (1.25 [1.05–1.48], n = 104,
versus 0.83 [0.53–1.29], n = 22; p = 0.06) and lower in patients
on lipid-lowering therapy (1.10 [0.92–1.31], n = 105, versus 1.57
[1.08–2.28], n = 25; p = 0.08). In multiple linear regression analysis, symptomatic status and anti-hypertensive drug treatment
Table 1
Determinants of carotid lesion ALOX15B expression.
Independent variable

(Constant)
Symptomatic lesion
Diabetes
Anti-hypertensive drugs
Total cholesterol
Lipid-lowering drugs

Dependent variable: log10 ALOX15B
Unstandardized beta

p-Value

0.171
0.232
−0.215
0.249
−0.076
−0.104

0.424
0.003
0.005
0.006
0.020
0.228

Multiple regression analysis was performed to investigate statistically independent
predictors of ALOX15B mRNA expression in carotid atherosclerotic lesions, among
major vascular risk factors and cerebrovascular symptomatic status.
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Fig. 2. Immunohistochemical analysis of serial sections of human carotid atherosclerotic lesion. A. Overview of staining for ALOX15B and smooth muscle ␣-actin (red and
brown, respectively), macrophage marker CD68, and negative control (rabbit IgG1). Original magniﬁcation 10×. Regions shown in detail in panels (B) and (C) are indicated,
L: lumen. (B and C) Details of staining for ALOX15B, CD68 and caspase-3. Magniﬁcation 20×. Examples of cells positive for all three markers are indicated.

were signiﬁcant positive determinants of lesion ALOX15B mRNA
levels, and diabetes and cholesterol levels were signiﬁcant negative determinants, whereas statin treatment was not a signiﬁcant
determinant (Table 1). Levels of circulating CRP and ﬁbrinogen
were higher in patients with symptomatic compared with asymptomatic lesions (CRP: 3.23 [2.47–4.22] mg/L, n = 88, versus 1.81
[1.18–2.77] mg/L, n = 28; p = 0.03, ﬁbrinogen: 3.93 [3.74–4.12] g/L,
n = 99, versus 3.48 [3.21–3.76] g/L, n = 28; p = 0.008), but did not correlate with ALOX15B mRNA levels (r = −0.009, p = 0.92, and r = 0.09,
p = 0.32, respectively).

3.4. Lesion oxylipins
Linoleate- and arachidonate-derived oxylipin proﬁles were
determined by LC–MS/MS analysis of 3 lesion samples (Fig. 3).
The included oxylipin species are listed in Supplementary Table
II. In total, the linoleates represented the greater part of the
included oxylipins (99%). For both substrates, the fatty acid
(FA)–alcohols were found to be the major oxylipin pool, i.e. AAderived hydroxy-eicosatetraenoic acids (HETEs) and LA-derived
hydroxy-decadienoic acids (HODEs), respectively (Fig. 3A). The
investigated oxylipins contained 5-lipoxygenase products such as
5-HETE, 5-KETE, and LTB4 , and 15-lipoxygenase products such as
15-HETE, 15-KETE, and 8,15-DiHETE. As shown in Fig. 3B, the abundance of the FA–alcohols 15-HETE and 5-HETE potentially produced
by ALOX15B and ALOX5, respectively, was signiﬁcantly greater than
that of typical FA–alcohol auto-oxidation products (8-HETE, 9-HETE
and 11-HETE).

4. Discussion
This study of patients with advanced carotid atherosclerosis
provides two novel pieces of information. First, our ﬁndings indicate that ALOX15B (15-LOX-2) is the only abundantly expressed
gene in human carotid lesions among the four 12- and 15lipoxygenases ALOX12, ALOX12B, ALOX15, ALOX15B and the
atypical ALOXE3. Second, that ALOX15B mRNA expression is signiﬁcantly higher in symptomatic compared with asymptomatic
lesions, independently of potentially confounding factors.
Our data show that ALOX15B is the most abundant lipoxygenase mRNA in human carotid lesions, second to ALOX5 (Fig. 1).
These ﬁndings complement and extend previous reports [8–10,16].
Previous studies have reported high ALOX15B protein expression in human carotid lesions, in macrophage-rich areas [8,9],
ﬁndings that we conﬁrmed in the current study (Fig. 2A). Interestingly, our results indicate that ALOX15B is expressed by apoptotic
macrophage and by endothelial cells of intra-plaque vessels (Fig. 2B
and C; Supplementary Fig. I). We and others have previously
demonstrated abundant ALOX5 protein expression in human
lesions [10,16]. Our current results agree with the previous ﬁnding
that while ALOX5 expression is abundant in human lesions, ALOX15
(15-LOX-1) is undetectable or found only at low levels [16]. However, an earlier study of aortic samples obtained post mortem or
from organ donors reported ALOX15 expression in aortic lesions,
but did not detect ALOX5 (by in situ hybridization) [17]. Of note,
the microarray result in Fig. 1 that seemingly suggests presence of
ALOXE3 mRNA in plaque tissue should be interpreted with great
caution, since one of two ALOXE3 probesets gave signals below
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Fig. 3. Oxylipin proﬁles of carotid lesions (n = 3) analyzed by LC-MS/MS (relative composition). A complete list of oxylipins included in the analysis is provided in
Supplementary Table II. Panel (A) Oxylipin class proﬁles for linoleate (LA)- and arachidonate (AA)-derived products. It should be noted that data presented in Panel (A)
is dependent on the number of compounds included for each substrate and oxylipin class, wherefore direct comparisons may be inappropriate and are to be interpreted with
caution. Panel (B) Speciﬁc AA-derived oxylipins of interest. The potential ALOX15B and ALOX5 FA–alcohol products 15-HETE and 5-HETE were greater than the typically
non-enzymatic FA-Alcohols 8-HETE, 9-HETE, and 11-HETE (***p < 0.001; one-way ANOVA with Bonferroni post hoc-test). Data are mean with 95% CI.

those of negative controls, and since ALOXE3 was barely detectable
by qPCR.
A main ﬁnding of the current study was that ALOX15B mRNA
is increased in symptomatic compared with asymptomatic lesions.
Additionally, we found that diabetes, cholesterol levels (but not
lipid-lowering therapy), and anti-hypertensive treatment were statistically independent determinants of ALOX15B expression in the
current model (negative or positive; Table 1). The fact that these
variables describing major vascular risk factors (or therapy thereof)
statistically inﬂuenced ALOX15B expression in different directions
may appear contra-intuitive, and the underlying explanation is
not obvious. Nevertheless, our results demonstrate that ALOX15B
expression is higher in symptomatic than asymptomatic carotid
lesions, irrespective of potentially confounding vascular risk factors and related drug treatment. We did not observe any signiﬁcant
differences in ALOX15B mRNA levels according to the time elapsed
between the latest symptom and surgical intervention (<1 month,
1–3 months, or >3 months; not shown) which has been used as a
parameter reﬂecting plaque stability/instability [10,18].
In addition to originally cloned full-length ALOX15B
(NM 001141.2) [19], several splice variants have been described,
foremost in studies of prostate epithelial cells [9,20–22]. The
majority of these alternative transcripts, including those two
currently found in the curated RefSeq database (NM 001039130.1
or NM 001039131.1), do not contain exon 9 that constitutes part
of the enzyme’s active site according to structural modelling, and
the lack of which leads to reduced speciﬁc activity [20–22]. We
utilized a TaqMan assay targeting exons 8–9 of ALOX15B and hence
alternative transcript variants lacking the catalytically important
exon 9 should not contribute to qPCR signal levels in this study.
Our ﬁndings raise the questions of the nature of the association
between ALOX15B and symptomatic atherothrombotic events, and
possible effector mechanism(s) of ALOX15B in this context. The
main substrate of ALOX15B is considered to be AA and its main
product 15-HETE, although experimental data suggest that it may
form also e.g. 13-HODE from LA [19,20]. Given the many biological
activities assigned to these oxylipins and their metabolites that may
translate into both pro- and anti-atherogenic effects (e.g. promoting inﬂammation and resolution of inﬂammation, respectively),
potential implications of ALOX15B in atherosclerosis are plenty
[2–4]. Narrowing down on 15-HETE, potentially pro-atherogenic
effects identiﬁed by experimental studies include up-regulation of
the macrophage scavenger receptor CD36 and increased monocyte
adhesion to endothelium and VSMC proposedly via effects on cell

surface adhesion molecules [23–25]. This may contribute to monocyte recruitment to and retention in the arterial wall and foam
cell formation, i.e. hallmarks of atherosclerosis. Conversely, other
experimental data suggest that 15-HETE may exert atheroprotective effects via inhibiting superoxide production, degranulation,
and endothelial transmigration by neutrophils [26–28]. Presence of
15-HETE and other HETEs has been described in human atherosclerotic lesions, and has furthermore been variably shown to be higher
in symptomatic than asymptomatic lesions [29], or not [30]. By
mass spectrometry-based analysis of plaque tissue we found that
potential ALOX15B products derived from AA were present to a
similar degree as those of the most abundant lesion lipoxygenase
ALOX5 (Fig. 3). The potential ALOX15B and ALOX5 products 15HETE and 5-HETE were signiﬁcantly greater than analogous typical
auto-oxidation products (8-HETE, 9-HETE, and 11-HETE), and typically enzymatic products of both 5- and 15-lipoxygenase activity
were detected, at similar levels (LTB4 and 8,15-DiHETE, respectively). These data give support for a metabolic effect of ALOX15B
in atherosclerotic lesions.
In summary, this study identiﬁes associations between high
ALOX15B expression in carotid lesions and cerebrovascular symptoms, independently of potentially confounding clinical factors.
These associations provide circumstantial evidence for a role of
ALOX15B with respect to atherothrombotic events that merits further investigation.
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Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.atherosclerosis.2011.01.015.
References
[1] Back M. Leukotriene signaling in atherosclerosis and ischemia. Cardiovasc
Drugs Ther 2009;23:41–8.
[2] Kuhn H. Biologic relevance of lipoxygenase isoforms in atherogenesis. Expert
Rev Cardiovasc Ther 2005;3:1099–110.
[3] Kuhn H, O’Donnell VB. Inﬂammation and immune regulation by
12/15-lipoxygenases. Prog Lipid Res 2006;45:334–56.
[4] Wittwer J, Hersberger M. The two faces of the 15-lipoxygenase in atherosclerosis. Prostaglandins Leukot Essent Fatty Acids 2007;77:67–77.
[5] Yu Z, Schneider C, Boeglin WE, Marnett LJ, Brash AR. The lipoxygenase gene
ALOXE3 implicated in skin differentiation encodes a hydroperoxide isomerase.
Proc Natl Acad Sci USA 2003;100:9162–7.
[6] Haeggstrom JZ, Wetterholm A. Enzymes and receptors in the leukotriene cascade. Cell Mol Life Sci 2002;59:742–53.
[7] Whatling C, McPheat W, Herslof M. The potential link between atherosclerosis
and the 5-lipoxygenase pathway: investigational agents with new implications
for the cardiovascular ﬁeld. Expert Opin Investig Drugs 2007;16:1879–93.
[8] Hulten LM, Olson FJ, Aberg H, et al. 15-Lipoxygenase-2 is expressed in
macrophages in human carotid plaques and regulated by hypoxia-inducible
factor-1alpha. Eur J Clin Invest 2009;40:11–7.
[9] Rydberg EK, Krettek A, Ullstrom C, et al. Hypoxia increases LDL oxidation and
expression of 15-lipoxygenase-2 in human macrophages. Arterioscler Thromb
Vasc Biol 2004;24:2040–5.
[10] Qiu H, Gabrielsen A, Agardh HE, et al. Expression of 5-lipoxygenase and
leukotriene A4 hydrolase in human atherosclerotic lesions correlates with
symptoms of plaque instability. Proc Natl Acad Sci USA 2006;103:8161–6.
[11] Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) method. Methods
2001;25:402–8.
[12] Vandesompele J, De Preter K, Pattyn F, et al. Accurate normalization of real-time
quantitative RT-PCR data by geometric averaging of multiple internal control
genes. Genome Biol 2002;3. RESEARCH0034.
[13] Irizarry RA, Hobbs B, Collin F, et al. Exploration, normalization, and summaries of high density oligonucleotide array probe level data. Biostatistics
2003;4:249–64.
[14] Luria A, Weldon SM, Kabcenell AK, et al. Compensatory mechanism for homeostatic blood pressure regulation in Ephx2 gene-disrupted mice. J Biol Chem
2007;282:2891–8.
[15] Shearer GC, Harris WS, Pedersen TL, Newman JW. Detection of omega-3 oxylipins in human plasma and response to treatment with omega-3 acid ethyl esters.
J Lipid Res 2010;51:2074–81.

[16] Spanbroek R, Grabner R, Lotzer K, et al. Expanding expression of the
5-lipoxygenase pathway within the arterial wall during human atherogenesis.
Proc Natl Acad Sci USA 2003;100:1238–43.
[17] Yla-Herttuala S, Rosenfeld ME, Parthasarathy S, et al. Colocalization of
15-lipoxygenase mRNA and protein with epitopes of oxidized low density
lipoprotein in macrophage-rich areas of atherosclerotic lesions. Proc Natl Acad
Sci USA 1990;87:6959–63.
[18] Peeters W, Hellings WE, de Kleijn DP, et al. Carotid atherosclerotic plaques
stabilize after stroke: insights into the natural process of atherosclerotic plaque
stabilization. Arterioscler Thromb Vasc Biol 2009;29:128–33.
[19] Brash AR, Boeglin WE, Chang MS. Discovery of a second 15S-lipoxygenase in
humans. Proc Natl Acad Sci USA 1997;94:6148–52.
[20] Kilty I, Logan A, Vickers PJ. Differential characteristics of human
15-lipoxygenase isozymes and a novel splice variant of 15S-lipoxygenase. Eur
J Biochem 1999;266:83–93.
[21] Tang DG, Bhatia B, Tang S, Schneider-Broussard R. 15-lipoxygenase 2 (15-LOX2)
is a functional tumor suppressor that regulates human prostate epithelial
cell differentiation, senescence, and growth (size). Prostaglandins Other Lipid
Mediat 2007;82:135–46.
[22] Tang S, Bhatia B, Maldonado CJ, et al. Evidence that arachidonate
15-lipoxygenase 2 is a negative cell cycle regulator in normal prostate epithelial
cells. J Biol Chem 2002;277:16189–201.
[23] Cai Q, Lanting L, Natarajan R. Growth factors induce monocyte binding to vascular smooth muscle cells: implications for monocyte retention in atherosclerosis.
Am J Physiol Cell Physiol 2004;287:C707–14.
[24] Huang JT, Welch JS, Ricote M, et al. Interleukin-4-dependent production
of PPAR-gamma ligands in macrophages by 12/15-lipoxygenase. Nature
1999;400:378–82.
[25] Patricia MK, Kim JA, Harper CM, et al. Lipoxygenase products increase monocyte adhesion to human aortic endothelial cells. Arterioscler Thromb Vasc Biol
1999;19:2615–22.
[26] Smith RJ, Justen JM, Nidy EG, Sam LM, Bleasdale JE. Transmembrane
signaling
in
human
polymorphonuclear
neutrophils:
15(S)-hydroxy-(5Z,8Z,11Z,13E)-eicosatetraenoic acid modulates receptor
agonist-triggered cell activation. Proc Natl Acad Sci USA 1993;90:7270–4.
[27] Takata S, Matsubara M, Allen PG, Janmey PA, Serhan CN, Brady HR. Remodeling
of neutrophil phospholipids with 15(S)-hydroxyeicosatetraenoic acid inhibits
leukotriene B4-induced neutrophil migration across endothelium. J Clin Invest
1994;93:499–508.
[28] Takata S, Papayianni A, Matsubara M, Jimenez W, Pronovost PH, Brady
HR. 15-Hydroxyeicosatetraenoic acid inhibits neutrophil migration across
cytokine-activated endothelium. Am J Pathol 1994;145:541–9.
[29] Mallat Z, Nakamura T, Ohan J, et al. The relationship of hydroxyeicosatetraenoic
acids and F2-isoprostanes to plaque instability in human carotid atherosclerosis. J Clin Invest 1999;103:421–7.
[30] Waddington EI, Croft KD, Sienuarine K, Latham B, Puddey IB. Fatty acid oxidation products in human atherosclerotic plaque: an analysis of clinical and
histopathological correlates. Atherosclerosis 2003;167:111–20.

