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background

 

Leukotrienes are inflammatory mediators generated from arachidonic acid (polyunsat-
urated n¡6 fatty acid) by the enzyme 5-lipoxygenase. Since atherosclerosis involves ar-
terial inflammation, we hypothesized that a polymorphism in the 5-lipoxygenase gene
promoter could relate to atherosclerosis in humans and that this effect could interact
with the dietary intake of competing 5-lipoxygenase substrates.

 

methods

 

We determined 5-lipoxygenase genotypes, carotid-artery intima–media thickness, and
markers of inflammation in a randomly sampled cohort of 470 healthy, middle-aged
women and men from the Los Angeles Atherosclerosis Study. Dietary arachidonic acid
and marine n¡3 fatty acids (including a competing 5-lipoxygenase substrate that re-
duces the production of inflammatory leukotrienes) were measured with the use of six
24-hour recalls of food intake.

 

results

 

Variant 5-lipoxygenase genotypes (lacking the common allele) were found in 6.0 per-
cent of the cohort. Mean (

 

±

 

SE) intima–media thickness adjusted for age, sex, height,
and racial or ethnic group was increased by 80

 

±

 

19 µm (95 percent confidence interval,
43 to 116; P<0.001) among carriers of two variant alleles, as compared with carriers of
the common (wild-type) allele. In multivariate analysis, the increase in intima–media
thickness among carriers of two variant alleles (62 µm, P<0.001) was similar in this co-
hort to that associated with diabetes (64 µm, P=0.01), the strongest common cardio-
vascular risk factor. Increased dietary arachidonic acid significantly enhanced the ap-
parent atherogenic effect of genotype, whereas increased dietary intake of n¡3 fatty
acids blunted the effect. Finally, the plasma level of C-reactive protein, a marker of in-
flammation, was increased by a factor of 2 among carriers of two variant alleles as com-
pared with that among carriers of the common allele.

 

conclusions

 

Variant 5-lipoxygenase genotypes identify a subpopulation with increased atheroscle-
rosis. The observed diet–gene interactions further suggest that dietary n¡6 polyunsat-
urated fatty acids promote, whereas marine n¡3 fatty acids inhibit, leukotriene-medi-
ated inflammation that leads to atherosclerosis in this subpopulation.

abstract
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icosanoids are lipid mediators of

 

inflammation and hypersensitivity reac-
tions,

 

1

 

 and arachidonate 5-lipoxygenase is
the key enzyme in the oxidative biosynthesis of a
class of paracrine and autocrine eicosanoids known
as leukotrienes.

 

2

 

 The dihydroxy leukotriene B

 

4

 

 is a
potent leukocyte chemoattractant, whereas the cys-
teinyl leukotrienes increase vascular permeability
and promote contraction of vascular smooth mus-
cle.

 

3

 

 The cysteinyl leukotrienes have been linked to
asthma,

 

4

 

 and 5-lipoxygenase promoter genotypes
have been identified that interacted strongly with
the effects of 5-lipoxygenase inhibition in patients
with asthma.

 

5,6

 

 This drug–gene interaction suggest-
ed a functional difference in the 5-lipoxygenase
pathway between carriers of at least one common
(wild-type) allele and carriers of two variant alleles.

Atherosclerosis is a chronic inflammatory pro-
cess involving the recruitment and accumulation of
monocytes, macrophages, and dendritic cells in ar-
tery walls, where they become loaded with modified
and aggregated low-density lipoproteins (LDLs).

 

7,8

 

Molecular determinants of the pathologic chronic-
ity of this process are unknown.

The 5-lipoxygenase pathway has been linked to
atherosclerosis in mouse models

 

9,10

 

 and in a histo-
logic study in humans.

 

11

 

 These findings suggested
the hypothesis that variation in the 5-lipoxygenase
promoter could alter eicosanoid-mediated inflam-
matory circuits in the artery wall and promote ather-
ogenesis. Since the intake of arachidonic acid in-
creases

 

12,13

 

 and the intake of marine n¡3 fatty acids
reduces

 

14

 

 the production of leukotriene B

 

4

 

 in hu-
man monocytes, we further hypothesized that die-
tary intake of competing 5-lipoxygenase substrates
would interact with an atherogenic effect of geno-
type. We investigated these hypotheses by relating
carotid-artery intima–media thickness to 5-lipoxy-
genase promoter genotypes and dietary intake in
the Los Angeles Atherosclerosis Study.

 

15

 

 Intima–
media thickness is an indicator of systemic athero-
sclerosis that strongly predicts atherothrombotic
events.

 

16

 

cohort

 

The cohort of 573 women (age, 45 to 60 years) and
men (age, 40 to 60 years) was free of diagnosed car-
diovascular disease when randomly sampled from
an employee population.

 

17

 

 Hispanic subjects and

smokers were oversampled, and the participation
rate was 85 percent. Base-line examinations in 1995–
1996 were followed by two examinations at 1.5-year
intervals, in which buffy coat was collected (from
500 subjects) for DNA extraction.

The study protocol was approved by the institu-
tional review board of the Keck School of Medicine
in Los Angeles. All subjects provided written in-
formed consent.

 

carotid intima–media thickness

 

The degree of atherosclerosis in the posterior wall of
the common carotid arteries was estimated bilater-
ally in the base-line examination as intima–media
thickness by high-resolution B-mode ultrasonog-
raphy, as described previously.

 

18

 

 The coefficient of
variation was 2.8 percent for repeated scans by dif-
ferent sonographers.

 

18

 

genotyping

 

DNA was isolated from 500 subjects, and the num-
ber of tandem Sp1 binding motifs (5'GGGCGG3')
in the 5-lipoxygenase (

 

ALOX5

 

) promoter was deter-
mined in 470 subjects according to previously de-
scribed methods.

 

5

 

 This group included non-His-
panic whites (55.1 percent), Hispanic subjects (29.6
percent), Asian or Pacific Islanders (7.7 percent),
blacks (5.3 percent), and other groups (2.3 percent).
The genotype of 30 specimens could not be deter-
mined owing to polymerase-chain-reaction failure.
The resulting six alleles had relative frequencies of
2.9 percent, 13.1 percent, 80.5 percent, 2.8 percent,
0.5 percent, and 0.2 percent for three, four, five, six,
seven, or eight tandem Sp1 motifs, respectively. Vari-
ant alleles involved deletions (one or two) or addi-
tions (one, two, or three) of Sp1 motifs to the five
tandem motifs in the common allele. The distribu-
tion of the genotypes did not significantly deviate
from that expected by random combination of vari-
ant and common alleles within any of the racial or
ethnic groups (P≥0.05 according to Hardy–Wein-
berg equilibrium 

 

x

 

2

 

).

 

laboratory measurements

 

Data on serum lipid levels were available for all 470
genotyped subjects. Plasma levels of C-reactive pro-
tein, interleukin-6, interleukin-8, and tumor necro-
sis factor 

 

a

 

 were measured at base line in 27 of the
28 carriers of two variant alleles and in 38 matched
carriers of the common allele, with the use of com-
mercially available, high-sensitivity kits. Fatty acids

e

methods
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in frozen plasma were also measured in this sub-
group (at the Heber Laboratory at UCLA) for valida-
tion of dietary measurements.

 

dietary intake

 

Six 24-hour recalls of food intake were obtained
from the subjects over a period of 1.5 years with the
use of the Nutrition Data System.

 

19

 

 Fatty-acid intake
(expressed as grams per 1000 kcal) was averaged
over the six dietary recalls. Intakes of long-chain
n¡3 polyunsaturated fatty acids (eicosapentaenoic
and docosahexaenoic acids) were summed, owing
to the high correlation between the intake of these
two fatty acids (rank-order correlation, 0.85). The
intakes of arachidonic acid and its metabolic pre-
cursor (linoleic acid) were only weakly correlated
(r=0.15) and were estimated separately. Plasma and
tissue levels of linoleic acid and long-chain n¡3
polyunsaturated fatty acids correlate with dietary
intake of corresponding fatty acids,

 

20

 

 and these as-
sociations were estimated in a validation subsample
of 66 subjects. Spearman correlations between die-
tary intake (expressed as grams per 1000 kcal) and
the corresponding fatty acid in plasma (expressed
as a percentage of total fatty acids) were 0.53 (P<
0.001) for eicosapentaenoic plus docosahexaenoic
acids and 0.32 (P=0.01) for linoleic acid.

 

statistical analysis

 

Adjusted means and P values for differences be-
tween genotype groups were estimated at the mean
value of covariates by least-squares regression. The
relative odds of an elevated intima–media thickness
were estimated by ordinal logistic regression with
the use of deciles of intima–media thickness as the
ordinal outcome. For figures depicting relations ac-
cording to three ordinally ranked groups, reported
P values are from models with continuous ordinal
variables. The covariates in statistical models relat-
ing intima–media thickness to genotype were age,
interaction of genotype with age (centered at 50
years of age), sex, height, and racial or ethnic group
(model 1); all factors in model 1 plus cigarette-
smoking status (currently, formerly, or never), level
of physical activity, dietary intake of saturated fat
(expressed as a percentage of energy intake), and
intake of alcohol (model 2, behavioral risk factors);
and all factors in model 2 plus serum cholesterol
level, serum high-density lipoprotein (HDL) choles-
terol level, systolic blood pressure, body-mass index
(the weight in kilograms divided by the square of

the height in meters), presence or absence of dia-
betes (type 1 or 2), use of antihypertensive medica-
tion, and use of lipid-lowering medication (model
3, biologic risk factors and preventive treatments).

The primary analyses compared carriers of at
least one common allele with carriers of two vari-
ant alleles. This categorization was derived from a
pharmacogenetic interaction involving these two
genotype groups.

 

6

 

 Some a posteriori comparisons
for additional 5-lipoxygenase genotype subgroups
are also presented for the purpose of hypothesis
generation.

Genotyping yielded 442 carriers of the 5-lipoxy-
genase common allele (94.0 percent) and 28 carri-
ers of two variant alleles (6.0 percent). Major cardio-
vascular risk factors are presented for the cohort in
Table 1, according to promoter genotype. No sig-
nificant differences between carriers of the com-
mon allele and carriers of two variant alleles were
apparent. However, the prevalence of variant geno-
types did differ across racial and ethnic groups (P<
0.001 by the chi-square test), with higher preva-
lences among Asians or Pacific Islanders (19.4 per-
cent), blacks (24.0 percent), and other racial or
ethnic groups (18.2 percent) than among Hispanic
subjects (3.6 percent) and non-Hispanic whites
(3.1 percent).

results

 

* Plus–minus values are means ±SD. There were no significant differences be-
tween groups with the use of a t-test for continuous variables and the chi-
square test for categorical variables. The common (wild-type) 5-lipoxygenase 
allele has five tandem Sp1 motifs. To convert values for cholesterol to milli-

 

grams per deciliter, divide by 0.02586.

 

Table 1. Major Cardiovascular Risk Factors According to 5-Lipoxygenase 
Genotype.*

Variable

Carriers of the 
Common Allele

(N=442)

Carriers of Two
Variant Alleles

(N=28)

 

Age (yr) 50.0±4.6 49.3±4.8

Systolic blood pressure (mm Hg) 128±16 132±14

Serum cholesterol (mmol/liter)
Total
HDL

5.6±0.7
1.5±0.3

5.4±1.0
1.4±0.4

Female sex (%) 46.8 42.9

Current smoking (%) 24.2 21.4

Former smoking (%) 26.5 25.0

Diabetes (type 1 or 2) (%) 2.3 3.6
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5-lipoxygenase polymorphism
and atherosclerosis

 

Means and medians of carotid intima–media thick-
ness according to 5-lipoxygenase genotype are pre-
sented in Table 2. The significance level of the un-
adjusted elevation of intima–media thickness in
the group with two variant alleles was confirmed by
nonparametric bootstrap analysis. After adjustment
for age, sex, height, and racial or ethnic group, the
mean (

 

±

 

SE) intima–media thickness was elevated
by 80

 

±

 

19 µm among carriers of two variant alleles,
as compared with carriers of the common allele (95
percent confidence interval, 43 to 116; P<0.001)
(Table 2). This elevation remained significant after
adjustment for behavioral risk factors (78

 

±

 

19 µm,
P<0.001) and biologic confounders or mediators
and preventive treatments (62

 

±

 

17 µm, P<0.001) (Ta-
ble 2). The magnitude of the apparent genotype ef-
fect in this last model is similar to that associated
with diabetes in this cohort (64

 

±

 

26 µm, P=0.01) and
larger than that associated with current smoking
(45

 

±

 

11 µm, P<0.001).

This apparent atherogenic effect did not signifi-
cantly interact with sex or smoking status, but it did
increase with age (P for interaction=0.04). The in-
tima–media thickness was greater in the group with
two variant alleles within all five racial and ethnic
categories. These differences between genotypes
were greatest among blacks and smallest among
non-Hispanic whites, with the differences in other
groups being intermediate (data not shown). How-
ever, these differences were not statistically signifi-
cant (P=0.26).

The relative magnitude of this 5-lipoxygenase
genotype association was estimated with the use of
ordinal logistic regression. After adjustment for
age, sex, height, and racial or ethnic group, the odds
of increased wall thickness were elevated by a fac-
tor of 4 among carriers of two variant alleles as com-
pared with carriers of the common allele (odds ra-
tio, 4.1; 95 percent confidence interval, 2.1 to 8.2; P<
0.001). Adjustment for numerous potential con-
founders did not markedly attenuate this relation
(odds ratio, 3.7; P<0.001).

The association between genotype and intima–
media thickness was further investigated in five
5-lipoxygenase genotype groups derived from com-
binations of common (W), deletion (D), and addi-
tion (A) alleles: DD (18 subjects), DA (9), WD (105),
WA (22), and WW (315); the AA genotype was ob-
served in only 1 subject (intima–media thickness,
661 µm). The differences among the five genotype
groups confirmed the presence of a recessive pat-
tern of effects (Fig. 1).

 

diet–gene interactions

 

If the observed increase in the intima–media thick-
ness in the 5-lipoxygenase variants was due to in-
creased production of leukotrienes (e.g., leukotriene
B

 

4

 

), then increased availability of the 5-lipoxygen-
ase substrate arachidonic acid and its metabolic pre-
cursor (linoleic acid) could amplify the atherogenic
effect of the variant genotypes. Similarly, increased
intake of eicosapentaenoic and docosahexaenoic
acids could reduce the production of inflammatory
leukotrienes and inhibit this effect.

 

14

 

Increased intima–media thickness was signifi-
cantly associated with intake of both arachidonic
acid (P for trend <0.001) and linoleic acid (P for
trend=0.03) among carriers of two variant alleles
(Fig. 2A and 2B) but not among carriers of the
common allele (P values for interaction are listed in
Fig. 2). In contrast, the intake of marine n¡3 fatty
acids was significantly and inversely associated with
intima–media thickness only among carriers of two

 

* Model 1 included the following covariates: age, sex, height, and racial or eth-
nic group (non-Hispanic white, Hispanic, Asian or Pacific Islander, black, and 
other). Model 2 included all the covariates in model 1 as well as the following 
behavioral risk factors: smoking status, level of physical activity, dietary intake 
of saturated fat, and intake of alcohol. Model 3 included all the covariates list-
ed in model 2 as well as the following biologic risk factors and preventive phar-
macologic treatments: serum cholesterol, serum HDL cholesterol, systolic 
blood pressure, body-mass index, presence or absence of diabetes, use of 
antihypertensive medication, and use of lipid-lowering medication.

† P values for differences between means were computed by regression analy-
sis. The P value for the difference in medians was calculated with the use of 
the Kruskal–Wallis test. The bootstrap P value was estimated with 1 million 

 

samplings.

 

Table 2. Carotid Intima–Media Thickness According to 5-Lipoxygenase 
Genotype.*

Variable Intima–Media Thickness P Value†

 

Carriers of the 
Common Allele

(N=442)

Carriers of Two
Variant Alleles

(N=28)

 

µm

 

No covariates

Mean ±SD 661±95 736±141 <0.001

Bootstrap P value <0.001

Median 641 725 0.004

Minimum 428 526

Maximum 1096 1076

Multivariate analysis

Model 1 (mean ±SE) 661±4 740±18 <0.001

Model 2 (mean ±SE) 661±4 739±18 <0.001

Model 3 (mean ±SE) 662±4 724±16 <0.001
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variant alleles (P for trend=0.007) (Fig. 2C). Diet–
gene interactions were specific to these fatty acids
and were not observed for dietary intake of mono-
unsaturated fat (Fig. 2D), saturated fat (Fig. 2E), or
other measured fatty acids (data not shown).

 

ldl–gene interaction

 

LDL cholesterol levels in plasma did not differ sig-
nificantly between 5-lipoxygenase carriers of two
variant alleles and carriers of the common allele
(P=0.33), nor were there significant differences
across the five genotype groups (P=0.21 by analy-
sis of variance) (Fig. 3A). However, the LDL choles-
terol level was a more potent atherogenic factor
among carriers of two variant alleles than among
carriers of the common allele (Fig. 3B).

 

5-lipoxygenase polymorphism
and inflammation

 

The level of C-reactive protein was increased by a
factor of 2 among carriers of two variant alleles, as
compared with carriers of the common allele (mean,
2.6 vs. 1.3 mg per liter; P=0.007), and levels of inter-
leukin-6 and tumor necrosis factor 

 

a

 

 were margin-
ally increased by 32 percent (P=0.07) and 17 percent
(P=0.11), respectively. The level of interleukin-8
was decreased by 3 percent among carriers of two
variant alleles (P=0.77). These analyses of loga-
rithmically transformed values included the covar-
iates age, sex, height, smoking status, and racial or
ethnic group.

We found a large increase in carotid intima–media
thickness among carriers of two variant 5-lipoxy-
genase promoter alleles as compared with carriers
of the common allele. After multivariate adjustment,
the apparent atherogenic effect remained as large
as that associated with diabetes. This association
was also robust across racial and ethnic groups
that differed in the prevalence of variant genotypes.
This strong association contrasts with weak asso-
ciations between polymorphic variation in other in-
flammatory-pathway genes and cardiovascular dis-
ease outcomes.

 

21-24

 

The diet–gene interactions we observed suggest
an effect of genotype on atherosclerosis mediated
by the 5-lipoxygenase pathway. Increased dietary in-
take of n¡6 fatty acids (arachidonic acid and its met-
abolic precursor, linoleic acid) was associated with
increased severity of atherosclerosis only among
carriers of two variant alleles. Such an interaction

would be expected if, for example, the production
of leukotrienes in the artery wall was increased and
triggered atherogenesis in the variant group. Arach-
idonic acid is the primary substrate for 5-lipoxy-
genase, and increased intakes of linoleic acid and
arachidonic acid enhance the production of leuko-
trienes.

 

12,13

 

 This increase could induce an athero-
genic chronicity of inflammatory circuits in the ar-
tery wall.

 

11,25

 

We also found that increased dietary intake of
marine n¡3 fatty acids blunted the apparent ather-
ogenic effect of the variant genotypes. This interac-
tion was also suggestive of a leukotriene-mediated
effect, since eicosapentaenoic acid is a competing
substrate for 5-lipoxygenase. Feeding eicosapenta-
enoic acid and docosapentaenoic acid to humans
reduces the production of leukotriene B

 

4

 

 by activat-
ed monocytes.

 

14,26,27

 

 The intake of marine n¡3 fatty
acids shifts the production of leukotrienes from the
more active B

 

4

 

 form to the less active B

 

5

 

 form

 

28,29

 

and may also induce the production of other anti-
inflammatory mediators.

 

30

 

 Involvement of the
5-lipoxygenase pathway in these diet–gene interac-
tions was further implicated by the lack of such in-
teractions with other dietary fatty acids.

There is considerable evidence that fish-oil in-
take protects against sudden death from cardiac
causes

 

31,32

 

 — an antiarrhythmic effect that could

discussion

 

Figure 1. Mean (±SE) Carotid Intima–Media Thickness (IMT) in Five 5-Lipoxy-
genase Genotype Groups.

 

Means were adjusted for age, sex, height, racial or ethnic group, smoking sta-
tus, level of physical activity, dietary intake of saturated fat, and intake of alco-
hol by analysis of covariance. D denotes deletion alleles, A addition alleles, 
and W common allele (five tandem Sp1 binding motifs). P values are for the 
differences between indicated genotype groups.
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Figure 2. Diet–Gene Interactions between Dietary Intake of Arachidonic Acid (Panel A), Linoleic Acid (Panel B), Eicosapentaenoic Acid (EPA) 
plus Docosahexaenoic Acid (DHA) (Panel C), Monounsaturated Fatty Acids (Panel D), or Saturated Fatty Acids (Panel E) and the Effect of 
5-Lipoxygenase Promoter Genotype on Carotid Intima–Media Thickness (IMT).

 

All interactions were adjusted for age, sex, height, smoking status, and racial or ethnic group; the interactions shown in Panels A, B, and 
C were adjusted for one another. Arachidonic acid is 5,8,11,14-eicosatetraenoic acid (20:4n¡6); linoleic acid is 9,12-octadecadienoic acid 
(18:2n¡6); eicosapentaenoic acid is 5,8,11,14,17-eicosapentaenoic acid (20:5n¡3); and docosahexaenoic acid is 4,7,10,13,16,19-docosahex-
aenoic acid (22:6n¡3). Means (±SE) are shown. Because of rounding, categories appear to overlap. 
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be mediated by cysteinyl leukotrienes.

 

33

 

 Taken to-
gether, our findings suggest an antiatherosclerotic
effect of fish oils among carriers of two 5-lipoxy-
genase variant alleles and are consistent with the
occurrence of increased leukotriene production in
this group. The finding that LDL cholesterol was
more atherogenic among carriers of two variant
alleles is consistent with enhanced LDL-mediated
atherosclerosis in that group,

 

34

 

 and among these
subjects the C-reactive protein levels, which in-
creased by a factor of two, were consistent with the
presence of markedly greater chronic arterial in-
flammation in this group.

 

35

 

Although data on the 5-lipoxygenase pathway
and atherosclerosis are limited, available evidence
from two studies in animals and a histologic study
in humans is consistent with the hypothesis that in-
creased leukotriene production has an atherogenic
effect. The extent of atherosclerosis in the aortic arch
was greatly reduced in susceptible mice carrying one
null 5-lipoxygenase allele, as compared with the ex-
tent among carriers of two functional alleles,

 

9

 

 sug-
gesting that this inflammatory pathway is impor-
tant in atherosclerosis. In a second study, foam-cell
formation was reduced in three strains of athero-
sclerosis-susceptible mice treated with a leukotri-
ene-B

 

4

 

–receptor antagonist.

 

10

 

 Third, a recent his-
tologic study in humans found an abundance of
5-lipoxygenase (but not 15-lipoxygenase) in macro-
phages and foam cells, dendritic cells, and artery-
wall cells from atherosclerotic lesions.

 

11

 

Combining these findings with those of recent
studies of leukotriene receptors expressed by en-
dothelial cells and macrophages,

 

25,36

 

 Habenicht’s
group has proposed a model of leukotriene-mediat-
ed vascular inflammation in atherosclerosis.

 

11,25

 

 In
this model, leukotrienes produced by macrophages
and dendritic cells in the artery wall have autocrine
effects and paracrine effects on endothelial cells,
lymphocytes, smooth-muscle cells, and other mac-
rophages or dendritic cells. Up-regulation of this
“inflammatory circuit” by environmental or genetic
factors would promote atherosclerosis by enhanc-
ing the known effects of leukotrienes on the recruit-
ment of leukocytes, endothelial-cell dysfunction,
intimal edema, the proliferation of smooth-muscle
cells, and immune reactivity.

 

11

 

 This model suggests
a mechanism whereby increased expression of the
5-lipoxygenase gene or activity of the enzyme in car-
riers of variant genotypes leads to increased carotid
intima–media thickness.

Although a previously reported drug–gene inter-
action suggested that variant 5-lipoxygenase geno-
types have a strong effect on function,

 

6

 

 and the
gene–diet interactions found in our study are con-
sistent with a hypothesis of increased leukotriene
production among promoter variants, findings in
in vitro studies of gene expression do not provide
support for such a hypothesis.

 

5,37

 

 Experiments with
drosophila SL2 (Schneider) cells found increased
reporter construct activity for an addition allele (as
compared with the common allele), but activity was

 

Figure 3. Mean (±SE) LDL Cholesterol Level According to the 5-Lipoxygenase Genotype Group (Panel A) and Mean (±SE) Carotid Intima–
Media Thickness (IMT) According to the LDL Cholesterol Level among Carriers of the Common 5-Lipoxygenase Allele and Carriers of Two 
5-Lipoxygenase Variant Alleles (Panel B).

 

Estimates in Panels A and B were adjusted for age, sex, height, smoking status, and racial or ethnic group. D denotes deletion alleles, A addi-
tion alleles, and W common allele (five tandem Sp1 binding motifs). To convert values for cholesterol to milligrams per deciliter, divide by 
0.02586. Because of rounding, categories appear to overlap. 
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reduced with transfection of deletion alleles.

 

37

 

 Re-
porter constructs in HeLa cells showed a different
pattern: gene expression was reduced for both ad-
dition and deletion alleles.

 

5

 

 However, these promot-
er–reporter construct studies in nonhuman cells
(Schneider) and in tumor cells that do not express
5-lipoxygenase (HeLa) may not reflect the in vivo
process of vascular inflammation. Only certain types
of cells express the 5-lipoxygenase gene, apparent-
ly as a result of different patterns of methylation,

 

38

 

and expression of the gene is regulated by activat-
ing factors. Moreover, Serio and colleagues found
that the expression of the leukotriene C

 

4

 

 synthase
gene (a leukotriene-pathway gene) in HeLa cells was
not regulated in the same manner as that observed
in a monocyte-like cell line.

 

39

 

 Another investigation
of the effect of this polymorphism on leukotriene
production by human eosinophils found that vari-
ant promoter genotypes only showed increased leu-
kotriene production when cells were stimulated by
a calcium ionophore and cyclooxygenase pathways
were inhibited.

 

40

 

 These findings suggest that the
effect of variation in the 5-lipoxygenase promoter
sequence of tandem Sp1 motifs on leukotriene pro-
duction in the artery wall may only be detectable in
human macrophages and dendritic cells under con-
ditions that mimic the intimal microenvironment.

If the 5-lipoxygenase pathway in cells involved
in atherosclerosis is down-regulated among carriers
of two variant alleles, as suggested by the reduction
in reporter construct activity in HeLa cells, then our
observation of increased atherosclerosis among
such subjects appears paradoxical. However, in-
flammatory pathways are redundant and interact-
ing,

 

41

 

 and down-regulation of the 5-lipoxygenase
pathway can result in up-regulation of other eicosa-
noid pathways.

 

42

 

 Other candidate eicosanoid path-
ways for the promotion of atherosclerosis include
the 15-lipoxygenase and cyclooxygenase 2 path-
ways,

 

43,44

 

 which are also differentially affected by di-
etary intake of n¡6 and marine n¡3 polyunsaturated
fatty acids.

 

29,45

 

 However, evidence of the athero-
genic effects of these other eicosanoid pathways is

mixed,

 

11,46,47

 

 and n¡3 polyunsaturated fatty acids
have a much stronger effect on leukotriene produc-
tion than on other eicosanoids.

 

45

 

Another possible mechanism linking down-
regulation of 5-lipoxygenase to atherosclerosis in
carriers of variant genotypes would involve reduced
transcellular biosynthesis of antiinflammatory
5-lipoxygenase products such as lipoxins.

 

48

 

 How-
ever, such a model is inconsistent with the diet–gene
interactions we observed and with the substantial
reduction of atherosclerosis in 5-lipoxygenase–defi-
cient mice.

 

9

 

Weaknesses of our study stem from its obser-
vational design. The 5-lipoxygenase polymorphic
variation could be confounded by unmeasured en-
vironmental or genetic factors. The large magni-
tude of the apparent effect of the genotype relative
to other risk factors for atherosclerosis makes con-
founding with known risk factors unlikely. Although
the possibility of linkage disequilibrium with oth-
er polymorphisms clearly cannot be ruled out, the
confounding polymorphism must have a profound
effect on atherosclerosis. Furthermore, the observed
diet–gene interactions provide a clear link between
the apparent atherogenic polymorphic effect and
pathways affected by the intake of n¡3 and n¡6 poly-
unsaturated fatty acids.

If replicated, our findings would constitute clear
evidence that genetic variation in an inflammatory
pathway,

 

7

 

 and the leukotriene pathway in particu-
lar,

 

49

 

 can trigger atherogenesis in humans. These
findings could lead to new dietary and targeted
molecular approaches to the prevention and treat-
ment of cardiovascular disease according to geno-
type, particularly in populations of non-European
descent.
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