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The enzyme 12/15 lipoxygenase (12/15LO) has
been implicated in the oxidative modification of
lipoproteins and phospholipids in vivo. In addi-
tion, mice deficient in apolipoprotein E (ApoE�/�)
are characterized by spontaneous hypercholester-
olemia and a systemic increase in oxidative stress.
Whereas the absence of 12/15LO reduces lipid per-
oxidation in the plasma and urine of ApoE�/� mice,
the relative contribution of this enzyme to oxidative
stress in the central nervous system remains un-
known. Here, we provide the first in vivo evidence
that 12/15LO modulates brain oxidative stress reac-
tions using ApoE�/� mice crossbred with 12/15LO-
deficient (12/15LO�/�) mice (12/15LO�/�/ApoE�/�).
In chow-fed 12-month-old 12/15LO�/�/ApoE�/� mice,
the amount of brain isoprostane iPF2�-VI, a marker of
lipid peroxidation, and carbonyls, markers of protein
oxidation, were significantly reduced when com-
pared with 12/15LO-expressing controls (12/15LO�/�/
ApoE�/�). These results were observed despite the fact
that cholesterol, triglyceride, and lipoprotein levels
were similar to those of ApoE�/� mice. These data indi-
cate a functional role for 12/15LO in the modulation of
oxidative reactions in the central nervous system, sup-
porting the hypothesis that inhibition of this enzymatic
pathway may be a novel therapeutic target in clinical
settings involving increased brain oxidative stress.
(Am J Pathol 2005, 167:1371–1377)

Lipoxygenases (LOs) are members of a large family of
non-heme iron-containing dioxygenases that insert mo-
lecular oxygen into polyunsaturated fatty acids.1 Human
and rabbit 15LO, as well as porcine leukocyte-type 12LO,
are all capable of directly oxygenating esterified fatty
acids in lipoproteins and phospholipids.2 This group of

enzymes is also classified as 12/15LO because they form
both 12-hydroxyeicosatetraenoic acid [12(S)-HETE] and
15(S)-HETE from arachidonic acid (in various ratios), and
predominantly 13-hydroperoxy-octadecaenoic acid from
linoleic acid.3 The 12/15LO is widely distributed in the
central nervous system (CNS) in humans as well as ani-
mals, and for this reason is also known as the neuronal
isoform.4,5

In vitro this enzyme can initiate oxidation of low-
density lipoprotein (LDL),6 and LO inhibitors can
greatly diminish the ability of macrophages to oxida-
tively modify phospholipids present in the LDL.7 When
LDL preparations are incubated with 12/15LO-trans-
fected fibroblasts, they become seeded with hydroper-
oxides and develop typical biological properties of
oxidized LDL (oxLDL), including the display of oxida-
tion-specific epitopes recognized by antibodies to ox-
LDL.8 Genetic disruption of 12/15LO gene expression
greatly diminished atherosclerosis in apolipoprotein E-
deficient (ApoE�/�) mice, a mouse model that sponta-
neously develops atherosclerotic vascular lesions and
a systemic increase in lipid peroxidation.9 This reduc-
tion was directly correlated with urinary and plasma
isoprostane levels and the titers of antibodies against
oxLDL epitopes, two distinct indices of lipid peroxida-
tion.10 Interestingly, ApoE�/� mice are also character-
ized by signs of oxidative stress in their CNS. Thus,
levels of 3-nitrotyrosine, a marker of protein oxidation,
are significantly increased in brains of ApoE�/� com-
pared with control mice.11 We also found that another
independent marker of oxidative stress, the isopros-
tane iPF2�-VI, is elevated in the CNS of these mice
compared with wild-type animals.12

Based on the pro-oxidant properties, disruption of 12/
15LO expression might be expected to reduce oxidative
modification also in the CNS. This hypothesis could have
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important implications for several neurodegenerative dis-
eases and Alzheimer’s disease in particular, in which
brain oxidative stress reactions have been shown to be
early events in the pathogenesis of the disease.13 More-
over, ApoE allele isoforms can also modulate in vitro and
in vivo oxidative stress responses and have been impli-
cated as risk factors for developing Alzheimer’s dis-
ease.14 To test the hypothesis that 12/15LO modulates
CNS oxidative stress, we crossbred 12/15LO-deficient
(12/15LO�/�) mice with ApoE�/� mice and analyzed two
distinct oxidative stress responses, protein and lipid ox-
idation products, in the CNS of these animals.

Materials and Methods

Generation of 12/15LO�/�/ApoE�/� Double-
Knockout Mice

12/15LO�/� mice were crossbred with ApoE�/� mice
(backcrossed eight and seven times, respectively, to the
C57BL/6 background).9 ApoE�/� and C57BL/6 mice
were obtained from Jackson Laboratories (Bar Harbor,
ME). Mice were genotyped by polymerase chain reaction
(PCR) analysis as described below. The animal studies
described below comprised three groups of mice:
ApoE�/�, 12/15LO�/�, and 12/15LO�/�/ApoE�/� mice;
each group had six males and six females. Mice were
kept on a 12-hour light/dark cycle and were fed a normal
chow and water ad libitum. All animal procedures were
performed in accordance with institutional and National
Institutes of Health guidelines.

Genotype Determination

Genotype analyses of ApoE�/�, 12/15LO�/� mice were
performed by PCR using genomic DNA isolated from
mouse tail snip samples as a template with primers spe-
cific for ApoE and 12/15LO, as previously published.15,16

PCR analysis was performed for ApoE alleles with the
sense primer to ApoE exon 3(5�-GCCTAGCCGAGG-
GAGAGCCG-3�), and the anti-sense primer to ApoE exon
3 (5�-TGTGACTTGGGAGCTCTGCAGC-3�), and the anti-
sense primer corresponding to the region within the
vector used to disrupt the ApoE gene (5�-GCCGC-
CCCGACTGCATCT-3�). For 12/15LO we used a primer
within exon 3 (5�-GAGGGCACTGGTGAGCAGA-3�), the
anti-sense primer (5�-TCCTGAACAGGCCTTGAGAG-3�),
and the anti-sense primer corresponding to the neomycin
resistance cassette (5�-ATCGCCTTCTTGACGAGTTC-
3�). Reaction mixtures contained PCR buffer, 25 mmol/L
MgCl2, 20 mmol/L dNTP, 20 pmol of each primer, and 5
U of TaqDNA polymerase in a total volume of 20 �l. After
a denaturation step at 90°C for 5 minutes, 35 cycles of
amplification step (94°C for 45 seconds, 60°C for 30
seconds, 72°C for 90 seconds) were performed, followed
by a final elongation step of 7 minutes at 72°C.

Primary Neuronal Cultures

Primary neuronal cell cultures were prepared from 14- to
15-day-old embryos of ApoE�/�, 12/15LO�/�/ApoE�/�,
and wild-type mice (C57BL/6), following published pro-
cedures.17 In brief, embryos were decapitated and the
cerebral cortex was dissected out on ice. Trypsin-ethyl-
enediamine tetraacetic acid (EDTA) (0.25%) with
DNase-I (10 mg/ml) and trypsin soybean inhibitor (50
mg/ml) was added to the dissected cerebral cortices,
and the preparation was gently aspirated with a glass
pipette. The cell suspension was plated onto six-well
plates precoated with 100 �g/ml poly(D-lysine) and 5
�g/ml laminin. Cultures were performed in Dulbecco’s
modified Eagle’s medium supplemented with 2 mmol/L of
glutamine in the presence of 5% fetal bovine serum and
5% horse serum. After 6 to 7 days in vitro, proliferation of
nonneuronal cells was arrested by adding 10 mmol/L
cytosine arabinoside. Experiments were performed on
pure neuronal cultures (�98% microtubule-associated
protein-2 immunoreactive cells) after 12 to 14 days.

Tissue Preparation

Animal experiments were performed following proce-
dures recommended by the Panel on Euthanasia of the
American Veterinary Medical Association. After sacrifice,
animals were perfused intracardially with ice-cold 0.9%
phosphate-buffered saline (PBS), containing EDTA (2
mmol/L) and butylated hydroxy toluene (BHT) (2 mmol/L),
pH 7.4. Brain was removed, gently rinsed in cold 0.9%
PBS, and immediately dissected in different anatomical
regions (cerebral cortex, which includes frontal and tem-
poral cortex; hippocampus; cerebellum; and basal brain)
for total RNA extraction and biochemistry analyses.12

Total RNA Extraction

RNA was extracted using the RNeasy mini kit from Qia-
gen (Valencia, CA). Briefly, 30 �g of frozen tissue was
homogenized with 600 �l of RNeasy Lysis buffer (RLT)
buffer. After centrifugation, the supernatant was resus-
pended in 70% ethanol and loaded onto the RNeasy
column, which is a silica-based membrane with selective
binding properties. Contaminants were washed away
with appropriate wash buffers supplied in the kit. The
RNA was finally eluted with nuclease-free water, and its
concentration determined by spectrophotometric mea-
surement (absorbance at 260 nm). DNase digestion was
performed by treating the RNA with the Amplification
Grade DNase 1 (Invitrogen, Carlsbad, CA) according to
the manufacturer’s instructions. To remove residual
DNase and EDTA from the treated RNA, the solution was
passed through the RNeasy system for a second time
using the RNA clean-up protocol.

One-Step Reverse Transcriptase (RT) and PCR

Preliminary experiments of RT-PCR were done to opti-
mize the amount of complementary DNA and the reaction
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conditions. The RT-PCR was performed using the One
Step RT-PCR kit (Qiagen). For murine 12/15LO, the prim-
ers used were 5�-GCGACGCTGCCCAAT-3� (forward)
and 5�-CATATGGCCACGCTGTTTTCTACC-3� (reverse),
which gives a 256-bp amplified product. Primers for 12/
15LO were chosen from the published sequences. The
housekeeping gene Hprt (hypoxanthine-guanine phos-
phoribosyltransferase) was used as internal control. One
hundred ng of total RNA was used for RT-PCR reaction
according to the manufacturer’s instructions. For 12/
15LO, 35 cycles of reaction at 94°C for 30 seconds, 62°C
for 1 minute, and 72°C for 1 minute were used. For Hprt,
we used the primers forward 5�-GGCCATCTGCCTAGTA-
AAGCT-3� and reverse 5�-GTCGGCCTATAGGCTCAT-
AGT-3�, yielding a 111-bp fragment.

Biochemical Analyses

Aliquots of tissue samples were minced, homogenized,
and processed as previously described.12,18 Briefly, a
fraction of the homogenates was used for total lipid ex-
traction with ice-cold Folch solution (chloroform, metha-
nol, 2:1, v/v). The solution was then vortex-mixed and
centrifuged at 3000 rpm for 15 minutes at 4°C. The lipid
extracts were subjected to base hydrolysis by adding
15% aqueous KOH and then incubated at 45°C for 1 hour
for measurement of total isoprostane iPF2�-VI. In brief,
after solid-phase extraction, the samples were derivat-
ized and purified by thin-layer chromatography, and fi-
nally analyzed by ion chemical ionization gas chromatog-
raphy/mass spectrometry as previously described.12,18

An aliquot of the extracted lipids was taken to measure
total levels of phospholipids, and arachidonic acid.19

Extracted lipids were also used for measuring total PGE2,
and leukotriene B4 (LTB4) by specific and sensitive en-
zyme-linked immunosorbent assays, following the manu-
facturer’s protocols (Assay Design, Ann Arbor, MI). Total
protein carbonyls in tissues were determined by using
the Zenith PC test kit according to the manufacturer’s
instructions (Zenith Technology, Dundein, NZ).20 Briefly,
tissue homogenates were first reacted with dinitrophenyl-
hydrazine, transferred to a multiwell plate, incubated with
blocking reagent, washed, and probed with anti-dinitro-
phenylhydrazine-biotin antibody solution. After washing,
samples were incubated with streptavidin-horseradish
peroxidase, washed, and then developed. After 15 min-
utes, the reaction was stopped and absorbance immedi-
ately read at 450 nm. Oxidized protein standards, internal
controls, and blanks were always assayed at the same
time and in the same way. Total plasma cholesterol,
triglycerides, high-density lipoprotein cholesterol, and
LDL cholesterol levels were determined as previously
described.9,12 Samples were always determined in trip-
licate and in a blinded manner.

Western Blot Analysis

Total proteins from brain tissues were extracted by RIPA
buffer containing 50 mmol/L Tris-HCl, 150 mmol/L NaCl,
1% Nonidet P-40, 0.5% sodium deoxycholate, 2 mmol/L

sodium fluoride, 2 mmol/L EDTA, 0.1% sodium dodecyl
sulfate, and an EDTA-free protease inhibitor cocktail tab-
let (Roche Applied Science, Indianapolis, IN). The tissue
extracts were centrifuged at 13,000 rpm for 45 minutes at
4°C, and the supernatants used for experiments. The
total protein concentrations were determined with a pro-
tein assay kit (BCA; Pierce, Rockford, IL). Fifteen �g per
lane of proteins were separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and trans-
ferred to nitrocellulose membranes (Bio-Rad, Richmond,
CA) The membranes were blocked with 5% nonfat milk in
T-TBS (50 mmol/L Tris, pH 7.5, 0.9% NaCl, and 0.1%
Tween-20) overnight at 4°C and then incubated 1 hour at
room temperature with rabbit polyclonal antibody raised
against recombinant mouse leukocyte-type 12/15LO (1:
1000 dilution; Alexis, San Diego, CA). �-Actin was always
used as an internal loading control. After three washings
with T-TBS, the membranes were incubated for 1 hour at
room temperature with the horseradish peroxidase-con-
jugated secondary antibody goat anti-rabbit IgG (1:1000
dilution; Santa Cruz Biotechnology, Santa Cruz, CA). Af-
ter the membranes were washed four times, the signals
were detected with an enhanced chemiluminescence re-
agent (ECL; Amersham, Arlington Heights, IL).5

Statistical Analysis

All data are presented as the mean � SEM. Data were
analyzed by analysis of variance and subsequently by
Student’s unpaired two-tailed t-test. Simple regression
analysis was performed to analyze the relation among the
levels of different parameters that were measured. Sig-
nificance was set at P � 0.05.

Results

CNS Expression of 12/15LO

Initial studies were performed to characterize the regional
distribution of 12/15LO in ApoE�/� and wild-type litter-
mates, C57BL/6. As shown in Figure 1, we found that the
mRNA for this enzyme was widely expressed in the dif-
ferent brain regions considered. However, no difference
was observed between the two groups of mice. Similar
results were obtained also when brain homogenates from
the same brain regions were assayed for 12/15LO protein
levels (Figure 2).

Figure 1. Tissue distribution of 12/15LO mRNA in ApoE�/� and wild-type
littermates (C57BL/6). RT-PCR analysis of brain cDNAs with primers derived
from 12/15LO (cx, cerebral cortex; cb, cerebellum; hi, hippocampus; bb,
basal brain).
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In Vitro Experiments

After 12 to 14 days plating ApoE�/� and 12/15LO�/�/
ApoE�/� cortical neuronal cultures were used for study-
ing basal oxidative stress parameters by measuring the
levels of iPF2�-VI and carbonyls. The results showed that
there was a significant increase in basal oxidative stress
in primary neurons derived from ApoE�/� mice that ex-
press 12/15LO when compared with cells from ApoE�/�

mice lacking 12/15LO (double-knockout 12/15LO�/�/
ApoE�/�) (Figure 3). Moreover, ApoE�/� primary neu-
rons showed an increased vulnerability to oxidative
stress compared with 12/15LO�/�/ApoE�/� cells when
challenged with H2O2 (10 �mol/L) (Figure 3).

Cross-Breeding Studies

A total of 36 mice were studied: 12 ApoE�/�, 12 12/
15LO�/�, and 12 double-knockout 12/15LO�/�/ApoE�/�.
All animals looked healthy and did not show any notice-
able difference in eating or drinking habit, and they all
gained weight regularly. As previously reported, 12/
15LO�/� mice did not differ with the wild-type mice in
terms of plasma lipid profile or isoprostane levels (not
shown).9,12 Conversely, as shown in Table 1, total plasma
cholesterol, high-density lipoprotein cholesterol, and tri-
glyceride levels were higher in ApoE�/� than in 12/
15LO�/� mice, but no difference was observed between
double-knockout and ApoE�/� mice. No difference in
total brain weight and total phospholipids or arachidonic
acid content was observed among the three groups (Ta-
ble 1). Compared with 12/15LO�/�, ApoE�/� mice had
higher levels of circulating plasma iPF2�-VI (120 � 12
pg/ml versus 458 � 25 pg/ml, P � 0.01), which were
significantly reduced by the genetic absence of 12/15LO
(220 � 18 pg/ml) (Table 1).

Cortex homogenates from ApoE�/� mice had higher
levels of total iPF2�-VI than the ones from 12/15LO�/�

mice. In contrast, the double-knockout mice 12/15LO/
ApoE�/�, had levels similar to those observed in the
12/15LO�/� mice (Figure 4). Levels of this isoprostane
were also elevated in cerebella of ApoE�/� mice, when
compared with 12/15LO�/� (185 � 30 ng/mg versus
103 � 20 ng/mg tissue, P � 0.01) and 12/15LO�/�/
ApoE�/� mice (118 � 25 ng/mg tissue, P � 0.01).

Next, we assessed an independent and unrelated
marker of oxidative damage to proteins, total protein
carbonyls content. Compared with 12/15LO�/�, ApoE�/�

mice had much higher levels of carbonyls in their cortex
(1.72 � 0.09 nmol/mg protein versus 0.97 � 0.07
nmol/mg protein, P � 0.001) (Figure 4) and cerebellum
(1.56 � 0.07 nmol/mg protein versus 1.02 � 0.05
nmol/mg protein, P � 0.01) homogenates. However, the
mice deficient for ApoE that simultaneously did not ex-
press 12/15LO (12/15LO�/�/ApoE�/�), showed signifi-
cantly reduced levels of this marker in both regions
(1.06 � 0.07 nmol/mg protein and 1.10 � 0.06 nmol/mg
protein, respectively, P � 0.01 for both) (Figure 4).

Finally, to address the hypothesis that the absence of
12/15LO could result in a significant diversion of the
arachidonic acid metabolism to the 5LO or cyclooxygen-
ase pathway products, we measured brain levels of the
leukotriene (LT) B4 and prostaglandin (PG) E2. Cortices
from all three groups of animals did not significantly differ
in the levels of both metabolic products (Table 2), sug-
gesting that in the CNS of the double-transgenic mice
there is not an enhanced utilization of these pathways
when the 12/15LO is disrupted.

Discussion

These studies have addressed the role of 12/15LO in the
CNS of ApoE�/� mouse, a well-characterized animal

Figure 2. Tissue distribution of 12/15LO protein in ApoE�/� and wild-type
littermates (C57BL/6). Representative Western blot analyses of 12/15LO pro-
tein in homogenates from ApoE�/� and C57BL/6. Samples were resolved on
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred
onto nitrocellulose membrane, and probed with an antibody against 12/15LO
(cx, cerebral cortex; cb, cerebellum; hi, hippocampus; bb, basal brain).

Figure 3. Absence of 12/15LO protects primary neuronal cells against oxi-
dative challenge. Primary neurons from ApoE�/� and 12/15LO�/�/ApoE�/�

mice were isolated and incubated with vehicle (open bars) or H2O2 (filled
bars) (10 �mol/L) for 24 hours. Supernatants were collected and assayed for
iPF2�-VI (top) and cell lysates for total carbonyls (bottom) (n � 3 separate
experiments; *P � 0.01 versus ApoE�/� vehicle, **P � 0.02 versus ApoE�/�

vehicle, #P � 0.001 versus ApoE�/� treated with H2O2).
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model of spontaneous hypercholesterolemia and sys-
temic oxidative stress.21 Despite the fact that 12/15LO is
the principal LO isoform in the CNS of several mammalian
species, its expression and regional distribution is not
well characterized. First, we showed that this enzyme is
widely distributed in the brains of ApoE�/� mice and
wild-type littermates, and no significant difference in its
regional distribution was observed between these two
groups of mice. Second, we demonstrated that primary

neuronal cells from ApoE�/� mice have increased levels
of basal oxidative stress, and an increased vulnerability
to oxidative stress challenges when compared with the
double-knockout 12/15LO�/�/ApoE�/� mice. Finally, we
provided evidence that genetic disruption of 12/15LO in
ApoE�/� mice rescued them from their augmented brain
oxidative stress reactions. Our results provide the first
evidence showing that the 12/15LO metabolic pathway is
involved in the modulation of CNS oxidative stress re-
sponses. They support the hypothesis that 12/15LO en-
zymatic activity is linked to mechanisms of oxidative
stress not only in the periphery but also in the brain.

LOs are enzymes that can insert molecular oxygen
into molecules of free and esterified polyunsaturated
fatty acids and thereby synthesize several different
biologically active eicosanoids.1–3 One of the most
abundant LO isoform in the CNS is 12/15LO, which has
been described mainly in neurons and some glial cells
throughout the cerebrum, hippocampus, and basal
ganglia. Thus, previous work also showed that 12-
HETE and 15-HETE are the principal LO products of
the CNS.22,23 Originally, these metabolites had been
proposed to play roles as second messengers in syn-
aptic transmission and they were thought to be in-
volved in learning and memory processes.24 Further-
more, 12/15LO mediates �-aminobutyric acid and
glutamate release, two neurotransmitters important for
brain function in general and specifically in the regu-
lation of signals mediated by drug abuse.25 However,
despite some circumstantial evidence suggesting that
this enzyme may also play a role in neurodegeneration
and in the apoptotic responses of cortical neurons, a
definite biological role for 12/15LO in the CNS has yet
to be established.26,27

Previous studies have shown that when LDL is incu-
bated with 12/15LO-transfected fibroblasts they become
seeded with hydroperoxides and develop biological

Figure 4. Absence of 12/15LO reduces brain oxidative stress. Total iPF2�-VI
(top) and carbonyls (bottom) in cortex homogenates from 12/15LO�/�,
ApoE�/�, and 12/15LO�/�/ApoE�/� mice at 12 months of age (n � 12,
*P � 0.01).

Table 1. Age, Gender, Brain Weight, Total Phospholipids and Arachidonic Acid Content, Plasma Lipids, and Isoprostane
iPF2�-VI Levels of the Different Groups of Animals Investigated

12/15LO�/� ApoE�/� 12/15LO�/�/ApoE�/�

Age (months) 12 12 12
Gender (M/F) 6/6 6/6 6/6
Brain weight (g) 0.47 � 0.05 0.51 � 0.06 0.50 � 0.05
Phospholipids (nmol/g) 51.2 � 5.1 50 � 4.8 48.4 � 5.2
Arachidonic acid (�mol/g) 9.4 � 1.5 9.1 � 1.4 8.9 � 1.8
Total cholesterol (mg/dl) 125 � 18 950 � 45 1025 � 50
Triglycerides (mg/dl) 80 � 15 120 � 22 115 � 20
HDL-cholesterol (mg/dl) 105 � 15 55 � 8 58 � 6
iPF2�-VI (pg/ml) 120 � 12 458 � 25 220 � 18

Results are mean � SEM.

Table 2. Total Prostaglandin PGE2 and Leukotriene LTB4

Levels in Cortex Homogenates of 12-Month-Old
Mice (n � 10 for Each Group)

12/15LO�/� ApoE�/�
12/15LO�/�/

ApoE�/�

PGE2 (pg/mg) 283 � 57 313 � 45 347 � 67
LTB4 (pg/mg) 29.6 � 7 32.1 � 5 30.3 � 6

Results are mean � SEM.
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properties of oxLDL, including the presence of oxidation-
specific epitopes recognized by antibodies to oxLDL.28

The most convincing data to date on a role for 12/15LO in
modulating oxidative stress reactions come from our re-
cent studies in which disruption of this gene greatly di-
minished atherosclerosis and systemic oxidative stress in
ApoE�/� mice.9,10 Those studies, however, did not look
at the effects of 12/15LO deletion in the CNS of these
animals. This is a very important issue because it is
known that deficiency for ApoE results in a significant
increase not only in peripheral oxidative stress, but also
in clear signs of lipid and protein oxidation in the brains of
these animals.11,12

Confirming previous reports, we also did not ob-
serve any effect on general health nor mortality in mice
lacking 12/15LO with and without ApoE.9,15 This dou-
ble-knockout model is the first to provide specific evi-
dence for a crucial role of a specific LO pathway in the
oxidative stress responses of the CNS. Interestingly,
we found that the absence of this enzyme activity
modulated oxidative stress without any effect on circu-
lating as well as CNS lipid levels. This finding suggests
a direct role of 12/15LO in modulating oxidant stress,
and supports the hypothesis that this enzyme can ini-
tiate chemical oxidative reactions, which by modifying
substrates (fatty acids) may render them more suscep-
tible to further oxidation. These biochemical events
(propagation reactions) would start a chain reaction,
which in turn could lead to the increased generation of
specific products of oxidative stress, ie, isopros-
tanes.29 However, at the present the exact mecha-
nism(s) linking enzymatic pathways with nonenzymatic
oxidative reactions are far from being clear.

A possible mechanism that needs to be taken into
consideration in studies involving the 12/15LO gene-
disrupted mice is the potential compensatory changes
in other pathways, ie, 5LO, which subsequently might
influence oxidative stress responses. Thus, previous
studies found evidence for enhanced 5LO product
formation, which was secondary to a diversion of sub-
strate arachidonic acid to this pathway.13 We can rule
out this possibility because we found no biochemical
sign for an increased metabolic utilization of arachi-
donic acid via another important LO isoform, the 5LO,
or the cyclooxygenase pathways in the CNS of these
animals.

In conclusion, we have provided evidence that 12/
15LO enzyme plays an important role in modulating oxi-
dative stress responses in the CNS. Its deficiency signif-
icantly reduces basal oxidative stress and protects cells
from oxidative challenges. Furthermore, its genetic dis-
ruption suppresses the formation of lipid- and protein-
free radical-dependent oxidation products, ie, iPF2�-VI
and carbonyls, in ApoE�/� mice, but does not substan-
tially alter CNS lipid levels. Future studies will determine
whether specific inhibitors of this enzyme could prove
beneficial in clinical settings in which brain oxidative
stress is considered an important player for their
pathogenesis.
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