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The ability of fish oil to suppress tumor necrosis factor �
production by peripheral blood mononuclear cells in healthy men is
associated with polymorphisms in genes that influence tumor
necrosis factor � production1–3

Robert F Grimble, W Martin Howell, Gillian O’Reilly, Stephen J Turner, Olivera Markovic, Sharon Hirrell, J Malcolm East,
and Philip C Calder

ABSTRACT
Background: Tumor necrosis factor � (TNF-�) mediates inflam-
mation. High TNF-� production has adverse effects during dis-
ease. Polymorphisms in the TNF-� and lymphotoxin � genes
influence TNF-� production. Fish oil suppresses TNF-� produc-
tion and has variable antiinflammatory effects on disease.
Objective: We examined the relation between TNF-� and lym-
photoxin � genotypes and the ability of dietary fish oil to suppress
TNF-� production by peripheral blood mononuclear cells
(PBMCs) in healthy men.
Design: Polymorphisms in the TNF-� (TNF*1 and TNF*2) and
lymphotoxin � (TNFB*1 and TNFB*2) genes were determined in
111 healthy young men. TNF-� production by endotoxin-stimulated
PBMCs was measured before and 12 wk after dietary supplemen-
tation with fish oil (6 g/d).
Results: Homozygosity for TNFB*2 was 2.5 times more frequent
in the highest than in the lowest tertile of inherent TNF-� pro-
duction. The percentage of subjects in whom fish oil suppressed
TNF-� production was lowest (22%) in the lowest tertile and dou-
bled with each ascending tertile. In the highest and lowest tertiles,
mean TNF-� production decreased by 43% (P < 0.05) and
increased by 160% (P < 0.05), respectively. In the lowest tertile of
TNF-� production, only TNFB*1/TNFB*2 heterozygous subjects
were responsive to the suppressive effect of fish oil. In the middle
tertile, this genotype was 6 times more frequent than the other
lymphotoxin � genotypes among responsive individuals. In the
highest tertile, responsiveness to fish oil appeared unrelated to
lymphotoxin � genotype.
Conclusion: The ability of fish oil to decrease TNF-� production
is influenced by inherent TNF-� production and by polymor-
phisms in the TNF-� and lymphotoxin � genes. Am J Clin
Nutr 2002;76:454–9.
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INTRODUCTION

Tumor necrosis factor � (TNF-�) is one of a group of proin-
flammatory cytokines that appears rapidly after infection and
injury (1, 2). TNF-� has widespread effects. It causes loss of lean

1 From the Institute of Human Nutrition, School of Medicine, and the Bio-
chemistry and Molecular Biology Division, School of Biological Sciences, Uni-
versity of Southampton, Southampton, United Kingdom (RFG, GO, OM, SH,
JME, and PCC), and the Histocompatibility and Immunogenetics Laboratory,
Southampton University Hospitals Trust, Southampton, United Kingdom (SJT
and WMH).

2 Supported by grant 51/D09831 from the Biotechnology and Biological Sci-
ences Research Council.

3 Address reprint requests to RF Grimble, Institute of Human Nutrition,
School of Medicine, Biomedical Sciences Building, University of Southamp-
ton, Bassett Crescent East, Southampton SO16 7PX, United Kingdom. E-mail:
rfg1@soton.ac.uk.

Received January 2, 2001.
Accepted for publication August 13, 2001.

and adipose tissue, raises body temperature, reduces appetite, and
stimulates production of a diverse range of immunomodulatory
cytokines and oxidant molecules (3). These effects create a hostile
environment for invading pathogens, provide substrate for the
immune system from endogenous sources, and enhance and mod-
ify the activity of the immune system. Thus, TNF-� has a pivotal
role in withstanding pathogenic invasion. However, excessive or
untimely TNF-� production plays a major part in mortality and
morbidity from sepsis (4), meningitis (5), and malaria (6). TNF-�
also plays an important part in the pathology of inflammatory dis-
eases such as rheumatoid arthritis (7) and inflammatory bowel dis-
ease (8), in the development of atherosclerotic plaques (9), and in
the rejection of transplanted tissues (10).

TNF-� production by peripheral blood mononuclear cells
(PBMCs) is remarkably constant in healthy men and post-
menopausal women, each of whom has a characteristic level of
production of the cytokine; however, TNF-� production varies
widely between healthy persons (11). This variation results
because polymorphisms in the promoter regions of the TNF-� and
lymphotoxin � (also known as TNF-�) genes influence the
amount of TNF-� produced after an inflammatory stimulus (12)
and appear to have clinical significance. For example, persons
homozygous for the TNF-� �308 (TNF*2) allele had 7 times the
rate of malaria-related mortality and serious neurologic symptoms
of persons heterozygous or homozygous for the more common
TNF*1 allele (13). Surgical patients developing sepsis who were
homozygous for the lymphotoxin � +252 (TNFB*2) allele had 3.5
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times the mortality rates of those homozygous for the TNFB*1
allele and 2.4 times the mortality rates of those heterozygous for
the TNFB*1 allele (14).

Fish oil, which is rich in n�3 polyunsaturated fatty acids
(PUFAs), has been shown to exert an antiinflammatory influence in
many animal models of inflammation (15, 16) and produces antiin-
flammatory effects in rheumatoid arthritis (17), Crohn disease (18),
and psoriasis (19). One of the reported antiinflammatory actions of
fish oil is a reduction in the production of TNF-� by PBMCs (20).
However, in studies in which fish oil has been investigated as an
antiinflammatory agent, it has not been found to be effective in all
individuals. For example, of 11 studies that investigated the effect
of fish oil on TNF-� production by PBMCs from healthy subjects
(20–30), only 6 report a suppressive effect (20, 24, 26, 27, 29, 30).
All 11 studies reported large SDs in TNF-� production, which sug-
gests a mixture of genotypes in the study population and might
result in a high level of intraindividual variation in the response to
fish oil. It is unknown whether polymorphisms in TNF-� and lym-
photoxin � genes influence the ability of fish oil to suppress TNF-�
production. An understanding of this interaction may explain incon-
sistencies in the literature and may permit more specific targeting of
fish oil treatment for inflammatory disease. We hypothesized that
persons with different genotypes that control TNF-� production
would have different sensitivities to the antiinflammatory effects of
fish oil. Furthermore, we hypothesized that those persons with an
inherently high TNF-� production would be more sensitive to the
effects of fish oil than would persons with a low inherent TNF-�
production. Therefore, we measured ex vivo TNF-� production by
endotoxin-stimulated PBMCs in healthy men before and after 3 mo
of fish oil supplementation and related TNF-� production to poly-
morphisms in the TNF-� and lymphotoxin � genes of the subjects.

SUBJECTS AND METHODS

Subjects and study design

Healthy men (n = 111) with a mean (± SD) age of 28 ± 8 y
(range: 20–57 y), a body weight of 77 ± 11 kg (range: 50–103 kg),
and a body mass index (in kg/m2) of 24 ± 4 (range: 18–34) were
recruited from the Southampton area of the United Kingdom.
Smokers and persons with inflammatory disease or taking antiin-
flammatory drugs were excluded from the study. Subjects main-
tained their usual lifestyles and diets but consumed 6 g encapsu-
lated fish oil/d, which provided 1.8 g n�3 PUFAs/d (MaxEPA; 7
Seas Ltd, Hull, United Kingdom), for 12 wk. Before providing
blood samples, subjects fasted overnight for ≥ 12 h. Three sepa-
rate blood samples were collected sequentially at the start and at
the end of fish oil supplementation. First, 20-mL blood samples
were collected into evacuated tubes containing lithium heparin;
these samples were used to prepare PBMCs. Next, 5-mL blood
samples were collected into coagulant-free evacuated tubes; these
samples were used to prepare serum for the measurement of C-
reactive protein (CRP) concentrations. Serum CRP concentrations
were measured to detect the presence of infection or inflamma-
tion in the subjects at the time of blood sampling. Subjects with
CRP concentrations > 100 mg/L in the blood sample taken before
or after fish oil supplementation were excluded from the study.
Finally, 5-mL blood samples were collected into evacuated tubes
containing EDTA; these samples were used to prepare DNA for
genotype analysis. The study was approved by the Southampton
and South West Hampshire Joint Ethics Committee.

TNF-� induction and measurement

PBMCs were isolated by centrifuging heparin-treated blood on
Histopaque-1077 (Sigma Chemical Co, Poole, United Kingdom)
(28) and were resuspended in RMPI culture medium containing
2 mmol glutamine/L and 50 mL autologous plasma/L. PBMCs
(2 � 106) were cultured in 24-well tissue culture plates at a final
concentration of 15 mg Escherichia coli 0111:B4 endotoxin/L
(Sigma Chemical Co) in a final culture volume of 2 mL. After 24 h
at 37 �C in an atmosphere of 5% CO2 and 95% air, the culture
plates were centrifuged and the supernatant fluid was frozen at
�80 �C until analyzed. TNF-� concentrations were measured with
enzyme-linked immunosorbent assay kits (EASIA; Biosource
International, Nivelles, Belgium). The inter- and intraassay CVs
were < 10% and the limit of detection was 3 ng/L.

Genotypes for TNF-� and lymphotoxin � alleles

For each subject, an aliquot of blood that had been collected
into an EDTA-containing tube was analyzed to determine single-
nucleotide polymorphisms (SNPs) for the TNF-� �308 (TNF*1
and TNF*2) and lymphotoxin � +252 (TNFB*1 and TNFB*2)
genotypes. These SNPs were selected because of their docu-
mented but variable association with TNF-� production (31, 32).
Genomic DNA was extracted by a salting out procedure (33). Each
SNP was detected by using a 2-reaction amplification refractory
mutation system polymerase chain reaction (PCR) approach based
on previously published methods (34). With this approach, 2 sep-
arate PCRs are performed per SNP. Each PCR mix also contained
an additional pair of PCR primers, amplifying a sequence from
the third intron of the human leukocyte antigen DRB*1 gene to
act as an internal control for successful PCRs. All PCRs were per-
formed in 10-�L reaction volumes, and the final reagent concen-
trations were as follows: 1 � ABgene standard reaction buffer
(Epsom, United Kingdom), 200 �mol deoxynucleotide triphos-
phate/L, 120 g sucrose/L, 200 �mol cresol red/L, 1 �mol/L of
each specific or common primer, 0.2 �mol/L of each internal con-
trol primer, 0.25 U ThermoprimePLUS DNA polymerase (ABgene),
1.75 mmol MgCl2/L, and 25–100 ng DNA. PCR primer sequences
and product sizes for each SNP amplicon are given in Table 1.
PCRs were performed with the use of a Primus 96 Plus thermal
cycler (MWG Biotech, Herts, United Kingdom) according to the
following cycling conditions: 96 �C for 60 s followed by 10 cycles
of 96 �C for 15 s, 65 �C for 50 s, and 72 �C for 40 s and then 20
cycles of 96 �C for 190 s, 60 �C for 50 s, and 72 �C for 40 s. PCR
products were loaded directly onto 2% agarose gels containing
0.5 g ethidium bromide/L, electrophoresed, and visualized by pho-
tography under ultraviolet transillumination.

Plasma phospholipid fatty acid composition

Compliance with the dietary fish oil treatment was assessed by
determining the fatty acid composition of plasma phospholipids.
Total lipid was extracted from plasma with chloroform:methanol
(2:1, vol:vol), and phospholipids were isolated by thin-layer chro-
matography with the use of a mixture of hexane:diethyl
ether:acetic acid (90:30:1, vol:vol:vol) as the elution phase. Fatty
acid methyl esters were prepared by incubation with 140 g boron
trifluoride/L in methanol at 80 �C for 60 min. Fatty acid methyl
esters were isolated by solvent extraction, dried, and separated by
gas chromatography in a model 6890 gas chromatograph
(Hewlett-Packard, Avondale, PA) fitted with a 30 m � 0.32 mm
BPX70 capillary column with a film thickness of 0.25 �m. Helium
at 1.0 mL/min was used as the carrier gas and the split-splitless
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TABLE 2
Influence of fish oil supplementation on the proportions of eicosapentaenoic,
docosahexaenoic, and arachidonic acids in plasma phospholipids1

Before After
supplementation supplementation

% by wt of total fatty acids

Eicosapentaenoic acid 0.72 ± 0.09 3.34 ± 0.292

Docosahexaenoic acid 1.97 ± 0.27 3.68 ± 0.272

Arachidonic acid 7.66 ± 0.69 5.23 ± 0.792

1 x– ± SD; n = 111.
2 Significantly different from presupplementation value, P < 0.001

(Student’s paired t test).

TABLE 3
Distribution of tumor necrosis factor � (TNF-�) and lymphotoxin �
(LT-�) genotypes in the study population related to TNF-� production by
peripheral blood mononuclear cells stimulated with endotoxin before fish
oil supplementation

TNF-� genotype LT-� genotype

1/1 1/2 2/2 B1/B1 B1/B2 B2/B2

All subjects (n) 76 33 2 21 59 31
Tertile of inherent 
TNF-� production (n)
Lowest 25 11 1 8 23 6
Middle 25 11 1 8 19 10
Highest 26 11 0 5 17 151

1 Significantly different from the lowest tertile of TNF-� production,
P < 0.001 (chi-square test).

TABLE 1
Details of the polymerase-chain-reaction primers used1

SNP Primer name Primer sequence (5� to 3�) Product size (base pairs)

TNF-� �308 TNF308 common TCT CGG TTT CTT CTC CAT CG 184
TNF308G ATA GGT TTT GAG GGG CAT GG
TNF308A ATA GGT TTT GAG GGG CAT GA

LT-� +252 LT252 common AGA TCG ACA GAG AAG GGG ACA 94
LT252G CAT TCT CTG TTT CTG CCA TGG
LT252A CAT TCT CTG TTT CTG CCA TGA

Control primers 63 TGC CAA GTG GAG CAC CCA A 796
64 GCA TCT TGC TCT GTG CAG AT

1 SNP, single-nucleotide primers; TNF, tumor necrosis factor; LT, lymphotoxin.

injector was used with a split-splitless ratio of 20:1. Injector and
detector temperatures were 275 �C. The oven temperature of the
column was maintained at 170 �C for 12 min after sample injection
and was programmed to then increase from 170 to 210 �C at 5 �C/min
before being maintained at 210 �C for 15 min. The separation was
recorded with the use of HP GC CHEM STATION software
(Hewlett-Packard). Fatty acid methyl esters were identified by
comparison with standards run previously.

Statistical analysis

Unless otherwise indicated, values are expressed as means ± SDs.
Differences in the distribution of the TNF-� and lymphotoxin � geno-
types among the tertiles of TNF-� production before fish oil supple-
mentation were examined by using the chi-square test. Differences in
TNF-� production and in the proportions of various fatty acids in
plasma phospholipids before and after fish oil supplementation were
determined by using Student’s paired t test. Differences in TNF-� pro-
duction between subjects with different genotypes, either before or after
fish oil supplementation, were determined by one-factor analysis of
variance (ANOVA). The influence of genotype, of tertile of presupple-
mentation TNF-� production, and of their interaction on the effect of
fish oil on TNF-� production were determined by two-factorANOVA.
In all cases, the level of significance was set at 0.05, and Bonferonni’s
correction for multiple comparisons was used. All statistical compar-
isons were made by using SPSS version 10 (SPSS Inc, Chicago).

RESULTS

Plasma phospholipid fatty acid composition

The proportions of eicosapentaenoic and docosahexaenoic
acids in plasma phospholipids increased in all subjects after fish
oil supplementation, with mean increases of 370% and 94%,
respectively, at the end of the supplementation period (Table 2).

An increase in fish oil–derived n�3 PUFAs was accompanied by
a significant decrease in the proportion of arachidonic acid in
plasma phospholipids.

Distribution of genotypes among the study population and
the relation with TNF-� production

The distribution of the TNF*1 and TNF*2 alleles and of the
TNFB*1 and TNFB*2 alleles among the subjects in this study is
shown in Table 3. The percentages of subjects with the TNF*1/
TNF*1, TNF*1/TNF*2, and TNF*2/TNF*2 genotypes were
�68%, �30%, and �2%, respectively. The percentages of sub-
jects with the TNFB*1/TNFB*1, TNFB*1/TNFB*2, and TNFB*2/
TNFB*2 genotypes were �19%, �53%, and �28%, respectively.
TNF-� genotype appeared to be unrelated to TNF-� production
because the distribution of the TNF*1 and TNF*2 alleles was
almost identical for the subjects in all tertiles of presupplementa-
tion TNF-� production. In contrast, the distribution of the
TNFB*1 and TNFB*2 alleles differed among the tertiles of pre-
supplementation TNF-� production. The distribution of lympho-
toxin � genotypes among subjects in the highest tertile of pre-
supplementation TNF-� production was significantly different
from the distribution in the lowest tertile. The frequency of the
TNFB*2/TNFB*2 genotype was related positively to TNF-� pro-
duction, increasing from 16% in the lowest tertile to 41% in the
highest tertile, whereas the frequency of the TNFB*1/TNFB*2
genotype decreased as inherent TNF-� production increased.

Influence of fish oil on TNF-� production

TNF-� production before and after fish oil supplementation is
shown in Table 4. The range in TNF-� production by PBMCs
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TABLE 5
Tumor necrosis factor � (TNF-�) production by peripheral blood mononuclear cells stimulated with endotoxin in relation to TNF-� and lymphotoxin �
(LT-�) genotypes in the study population before fish oil (FO) supplementation and the change in production over the FO intervention1

Tertile of inherent TNF-� genotype LT-� genotype

TNF-� production 1/1 (n = 76) 1/2 (n = 33) B*1/B*1 (n = 21) B*1/B*2 (n = 59) B*2/B*2 (n = 31)

ng/L ng/L

Lowest
Before FO 1479 ± 602 1294 ± 713 1132 ± 556 1562 ± 592 1187 ± 757
Change 2483 ± 2543a 2365 ± 3040a 2704 ± 1345 2088 ± 2972 3442 ± 2602

Middle
Before FO 3655 ± 962 3883 ± 953 3910 ± 1066 3544 ± 964 3884 ± 790
Change 658 ± 3066b 1238 ± 3365a 2040 ± 2558 203 ± 3398 1049 ± 2680

Highest
Before FO 8653 ± 3126 10748 ± 6127 11570 ± 4391 7553 ± 1791 10464 ± 5507
Change �2923 ± 4429c �6388 ± 8297b,2 �7161 ± 7426 �3475 ± 2954 �3246 ± 7800

1 x– ± SD. Data for genotype TNF*2/TNF*2 were excluded because only 2 subjects had this genotype. Means within a column with different superscript
letters are significantly different, P < 0.001 (one-factor ANOVA). The interaction between TNF-� genotype and change was significant, P = 0.035 (two-fac-
tor ANOVA). The interaction between LT-� genotype and change was not significant, P = 0.062 (two-factor ANOVA).

2 Significantly different from 1/1, P = 0.02 (one-factor ANOVA).

TABLE 4
Influence of fish oil supplementation on tumor necrosis factor � (TNF-�)
production by peripheral blood mononuclear cells stimulated with
endotoxin, related to presupplementation values1

TNF-� production

Before After
supplementation supplementation

ng/L

All subjects (n = 111) 4821 ± 4177 4643 ± 3338
Tertile of inherent 
TNF-� production
Lowest (n = 37) 1458 ± 600 3809 ± 25712

Middle (n = 37) 3728 ± 936 4796 ± 3270
Highest (n = 37) 9277 ± 4338 5323 ± 39412

1 x– ± SD.
2 Significantly different from presupplementation, P < 0.05 (Student’s

paired t test).

before dietary supplementation was large. When data from all sub-
jects were aggregated, no significant effect of fish oil supplemen-
tation was found. However, sensitivity to fish oil was influenced
by presupplementation TNF-� production. Thus, TNF-� produc-
tion decreased after fish oil supplementation in 22%, 43%, and
86% of the subjects in the lowest, middle, and highest presupple-
mentation tertiles, respectively. In the highest tertile, mean pro-
duction decreased significantly by 43%. TNF-� production did
not decrease significantly in the middle and lowest tertiles. Indeed,
paradoxically, TNF-� production increased by 160% after fish oil
supplementation in subjects in the lowest tertile of presupple-
mentation TNF-� production.

Influence of TNF-� and lymphotoxin � genotypes on the
response to fish oil

The suppressive effect of fish oil among the high TNF-� pro-
ducers occurred irrespective of TNF-� or lymphotoxin � geno-
type (Table 5). However, there was a significant interaction
between TNF-� genotype and inherent TNF-� production in
determining the extent of the decrease in TNF-� production that
followed fish oil supplementation (P for interaction = 0.035, two-
factor ANOVA). Further analysis showed that the decrease in

TNF-� production among individuals in the highest tertile of pre-
supplementation TNF-� production was significantly greater
(P = 0.02) if they had the TNF*1/TNF*2 genotype than if they
had the TNF*1/TNF*1 genotype. The interaction between lym-
photoxin � genotype and inherent TNF-� production in deter-
mining the extent of the decline in TNF-� production that fol-
lowed fish oil supplementation was not significant (P for
interaction = 0.062, two-factor ANOVA). Fish oil suppressed the
production of TNF-� by cells from some subjects in the low and
middle tertiles of inherent TNF-� production. The TNFB*1/
TNFB*2 genotype appeared to be important in determining the
sensitivity to fish oil among these subjects. Thus, all 8 subjects in
the lowest tertile of inherent TNF-� production who responded to
fish oil with a reduction in TNF-� production had the TNFB*1/
TNFB*2 genotype. In the middle tertile of inherent TNF-� pro-
duction, 12 of 16 subjects who responded in this way had the
TNFB*1/TNFB*2 genotype. In the highest tertile of inherent
TNF-� production, the TNFB*1/TNFB*2 genotype only charac-
terized one-half of the subjects (16 of 32) who responded to fish
oil with a reduction in TNF-� production.

DISCUSSION

Our data suggest that the sensitivity of a person to the suppres-
sive effects of n�3 PUFAs on TNF-� production is linked to the
inherent level of production of the cytokine by cells from the per-
son before supplementation and to genetic variation encoded by, or
associated with, the TNF-� �308 and lymphotoxin � +252 SNPs.
Paradoxically, fish oil appears to enhance TNF-� production in
some subjects, particularly those in the lowest tertile of presup-
plementation production. The ability of fish oil to enhance rather
than to reduce TNF-� production was not unexpected. During
inflammation, phospholipase A2 (EC 3.1.1.4) hydrolyzes mem-
brane phospholipids, thus making arachidonic acid available for
the production of the proinflammatory eicosanoids prostaglandin
E2 (PGE2) and leukotriene B4 (LTB4). In vitro studies have shown
that PGE2 and LTB4 have opposing effects on proinflammatory
cytokine production, the former having an inhibitory and the lat-
ter a stimulatory influence (20, 35). Fish oil may alter proinflam-
matory cytokine production in either direction by the n�3 PUFAs
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that it contains, replacing arachidonic acid in the cell membrane.
Such an effect would decrease PGE2 and LTB4 production and
increase the formation of PGE3 and LTB5. These eicosanoids have
lower bioactivities than do PGE2 and LTB4. Thus, the overall
effect on TNF-� production (inhibition or stimulation) will
depend on the balance among the different stimulatory and
inhibitory eicosanoids produced from arachidonic and eicosapen-
taenoic acids.

As outlined previously, genetic factors influence TNF-� pro-
duction in an important way. The frequencies of the TNF*1,
TNF*2, TNFB*1, and TNFB*2 alleles in the present study agree
closely with published values from studies of healthy British and
other European subjects (36–38) and with values derived from
independent studies in our laboratory (39). Thus, the group of
subjects in the present study represent the population from which
it was drawn, at least with respect to the frequencies of the
TNF-� and lymphotoxin � genotypes examined. The observed
positive association between TNFB*2 homozygosity and inher-
ent TNF-� production confirms the findings of Stuber et al (14)
and Pociot et al (40). However, we did not confirm an associa-
tion between TNF-� �308 genotype and TNF-� production.
When the genetic characteristics of individuals in the 3 tertiles of
inherent TNF-� production were examined in relation to the abil-
ity of fish oil to reduce TNF-� production, a complex interaction
was apparent. The results of the present investigation suggest that
1) most (in this case 86%) individuals with a high inherent level
of TNF-� production are sensitive to the antiinflammatory effects
of fish oil, 2) medium and high inherent TNF-� production is
associated with homozygosity for the TNFB*2 allele, and 3) indi-
viduals with medium or low levels of production are more likely
to experience the antiinflammatory effects of fish oil if they are
heterozygous for the TNFB alleles. Paradoxically, however, sub-
jects with a TNFB*2/TNFB*2 genotype are less likely to exhibit
this phenomenon, independent of their level of inherent TNF-�
production.

The present study is the largest investigation into the effects of
dietary fish oil supplementation on ex vivo TNF-� production by
human PBMCs currently reported in the scientific literature (41).
The data from the present study, when aggregated without con-
sideration of each subject’s inherent ex vivo TNF-� production or
TNF-� or lymphotoxin � genotype, agree with data from other
studies that suggest that fish oil does not exert a modulatory effect
on such production (21–23, 25, 28). A wide range of doses of fish
oil have been used in similar studies (0.55–6.00 g n�3 PUFAs/d).
Suppressive effects of fish oil on TNF-� production have gener-
ally been shown in studies that used doses of n�3 PUFAs that
were greater than those used in the present study (20, 29, 30). This
is not, however, universally the case because some studies that
used higher doses showed no effect on TNF-� production (23, 25,
28). Of the 5 studies that used doses similar to or lower than those
used in the present study (21–25), only 1 (24) showed an
inhibitory effect of fish oil on TNF-� production. However, in this
latter study, fish oil was given to subjects consuming a low-fat
diet. In this dietary situation, competition between n�6 PUFAs
from the diet and n�3 PUFAs from the supplement, for incorpo-
ration into the cell structure, would have been less than in the
present study.

The results of the present study, together with the results of
other studies of the effects of fish oil supplements on TNF-� pro-
duction, indicate that the interaction of n�3 PUFA intake and
cytokine biology is complex. Although the dose of fish oil that is

given may be a determinant of whether a suppressive effect of the
oil on TNF-� production can be shown at a whole-population
level, our data suggest that the different sensitivities of persons to
the effect of fish oil—because of the genetic variation encoded by
or associated with the TNF-� �308 and lymphotoxin � +252 SNP
genotypes and other individual factors that influence the inherent
level of cytokine production by the subject—may limit the effec-
tiveness of moderate doses of fish oil as an antiinflammatory
agent. In the absence of a clear model to explain our results, we
need to stress that the genetic influences we observed may not
have been due to the SNPs we examined. It is clear that further
analysis of genotype will be required if the relation between the
effect of gene polymorphisms on TNF-� production and a per-
son’s sensitivity to fish oil is to be fully understood. A greater
understanding of the precise nature of the genomic determinants
of the ability of fish oil to act as an antiinflammatory agent will
enable supplementation with this foodstuff to be used more effec-
tively in suppressing inflammation than is presently the case.
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