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n-3 Polyunsaturated fatty acids and immune function
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Considerable interest in fish oil was initially generated by
epidemiological studies in Eskimos showing the beneficial
effect of consuming fish and fish oil in preventing IHD
(Dyerberg et al. 1978; Dyerberg & Bang, 1979). In the
following two decades, investigations of fish oil have been
motivated by, and extended to, many different aspects of
health and disease. A wide spectrum of studies has revealed
the ability of fish oil to affect the course of cardiovascular
disease, autoimmune and inflammatory diseases, immune
function, infection, allograft rejection, and certain cancers

(Fernandes & Venkatraman, 1993; Calder, 1996).

The biological effects of fish oil are attributed to their -3
polyunsaturated fatty acids (PUFA), mainly eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA). EPA
and DHA can be incorporated into cell membranes where
they influence membrane fluidity, receptor function, enzyme

activity and production of lipid mediators.

Polyunsaturated fatty acids and eicosanoid metabolism

Changes in the fatty acid composition of the diet are known
to modulate membrane phospholipid fatty acid composition
(Huang et al. 1988; Clandinin et al. 1991), resulting in
alteration in the oxygenated products of arachidonic acid
(AA) (Davits & Nugteren, 1988; Huang et al. 1988; Meydani
et al. 1988; Knapp, 1990; Leaver et al. 1991). Some PUFA
are the precursors of important lipid mediators; for example,
dihomo-y-linolenic acid, AA, and EPA respectively are
immediate precursors for 1-, 2-, and 3-series prostaglandins
(PG) in the cyclooxygenase (EC 1.14.99.1) pathway, and
3-, 4-, and 5-series leukotrienes (LT) in the lipoxygenase
pathway. There is interaction among precursors, mainly
through competitive incorporation into membrane lipids and
competition for the common metabolizing enzymes. Eico-
sanoids originating from AA are the most abundant and also,
in most cases, the most active mediators. #-3 PUFA can
interfere with AA metabolism at the cyclooxygenase and
lipoxygenase levels. Increased intake of n-3 PUFA decreases
the generation of eicosanoids from AA (Huang et al. 1988;
Meydani et al. 1988) and promotes the generation of the
3-series PG (Davits & Nugteren, 1988; Knapp, 1990; Leaver
et al. 1991) and 5-series LT (Lee er al. 1985; Leitch et al.

1985; Whelan et al. 1991).
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Polyunsaturated fatty acids, eicosanoids
and immune function

Immune cells have a high PUFA content in their membrane
phospholipids. Immune cell functions are highly dependent
on membrane-associated events. Interactions and coopera-
tion of different cells of the immune system are regulated by
the membrane-associated events through different protein
and lipid mediators, which are essential in mounting a
successful immune response. It is conceivable, therefore,
that changes in membrane PUFA content will affect substrate
availability in the formation of cyclooxygenase and lipoxy-
genase products which, in turn, act as lipid mediators that
control the immune system (Goodwin & Webb, 1980; Rola-
Plezczunski, 1985). Furthermore, the cells of the immune
system perform their functions, in large part, through
membrane-associated activities such as the secretion of
cytokines and antibodies, antigen reception, lymphocyte
transformation, and contact lysis, all of which can be affected
by changes in membrane structure.

Immunity can be classified into two types, based on
the components of the immune system that mediate the
response, i.e. humoral immunity and cell-mediated immu-
nity. Humoral immunity is mediated by molecules called
antibodies that are produced by B lymphocytes and are
responsible for specific recognition and elimination of
extracellular antigens. Cell-mediated immunity is mediated
by cells of the immune system, particularly T lymphocytes.
Cell-mediated immunity is responsible for delayed-type
hypersensitivity reactions, foreign graft rejection, resistance
to many pathogenic micro-organisms, and tumour immuno-
surveillance. AA metabolites, including PG, LT, and
hydroxyeicosatetraenoic acid, can be produced by immune
cells in response to different stimuli. In general, cellular and
humoral immune responses are negatively regulated by
cyclooxygenase products. PGE; has been shown to inhibit
lymphocyte proliferation (Goodwin et al. 1974; Webb ez al.
1980), cytokine production (Gordon et al. 1976), the genera-
tion of cytotoxic cells (Plaunt, 1979), and natural killer cell
activity (Roder & Klein, 1979). Lipoxygenase products of
AA, ie. LT and hydroxyeicosatetraenoic acid, also affect
these immune functions (Goodman & Weigle, 1980; Rola-
Plezczunski, 1985), although these controversial results have
been presented in different studies.

Abbreviations: AA, arachidonic acid; ALA, o-linolenic acid; Con A, concanavalin A; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; IL,
interleukin; LT, leukotriene; PBMC, peripheral-blood mononuclear cells; PG, prostaglandin; PHA, phytohaemagglutinin; PUFA, polyunsaturated fatty

acids; TNF, tumour necrosis factor.
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n-3 PUFA, in addition to affecting general properties of cells
as membrane components, play a role in modulating the pro-
duction of both lipid (eicosanoids) and protein (cytokines)
mediators. Administration of fish oil has been shown to
suppress the production of pro-inflammatory eicosanoids
(PGE, and LTB,4) (Christophe & Pascaud, 1990; Fritsche
et al. 1992; Engstrom et al. 1996) and pro-inflammatory
cytokines (interleukin (IL)-1, IL-6, tumour necrosis factor
(TNF); Endres et al. 1989; Meydani ef al. 1991a; Caughey
et al. 1996), which may explain their beneficial effect on
cardiovascular, autoimmune and inflammatory diseases. All
these diseases are associated with a dysregulated immune
response. Excessive levels of these mediators, which have
often been demonstrated in such situations, can be sup-
pressed by n-3 PUFA administration, resulting in attenuation
of the disease process. However, such therapy often presents
undesirable outcomes in healthy subjects or those with
compromised immune status, since excessive reduction in
cytokine or eicosanoid production could impair their normal
host defence or homeostasis. Although some studies have
demonstrated no significant effect (Berger et al. 1993), or
even positive effect (Payan ef al. 1986; Kelley ez al. 1988;
Fowler et ai. 1993}, on immune response by n-3 PUFA
supplementation, a predominant number of studies have
shown diminished cell-mediated immune function, such as
lymphocyte proliferation, IL-2 production and delayed-type
hypersensitivity, as a result of n-3 PUFA supplementation
Meydani et al. 1991a; Aki et al. 1992; Calder &
Newsholme, 1992; Endres et al. 1993; Jolly et al. 1997,
Wander er al. 1997). In vitro supplementation with n-3
PUFA has also been observed to inhibit lymphocyte function
in many studies in which lymphocytes from different
sources were used and stimulated by a variety of agents
(Calder, 1996). In addition, dietary fish oil has been shown to
impair the resistance of mice to infection with Salmonella
typhimurium (Chang et al. 1992) and Listeria monocyto-
genes (Fritsche er al. 1997). These undesirable effects
compromise the beneficial potentials of n-3 PUFA as anti-
atherosclerotic and anti- inflammatory compounds. How-
ever, studies indicate that it might be possible to establish
fish oil supplementation protocols that provide maximal
beneficial effects and minimal adverse effects. The present
article will review a series of studies conducted by our labo-
ratory, examining the immunological effect of n-3 PUFA in
both human subjects and animals.

The effect of oral n-3 polyunsaturated fatty acid
supplementation on cytokine production and
lymphocyte proliferation in young and older women

Many studies have indicated a beneficial effect of n-3 PUFA
supplementation on atherosclerosis and atherothrombotic
disorders, and inflammatory diseases. The prevalence of all
these disorders increases with age. Ageing is associated with
an altered regulation of the immune system (Siskind, 1980).
Age-associated functional changes have been well character-
ized for both humoral and cell-mediated immune responses.
However, the age-associated changes are mostly observed
in T-cell-mediated functions (Miller, 1994). Thus, we
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determined the effect of n-3 PUFA supplementation on the
immune response of young and older subjects (Meydani
et al. 1991a).

Six healthy young (23-33 years) and six healthy older
(51-68 years) women were recruited after they were
screened for their disease history, health status and drug use.
Each subject’s usual diet was supplemented for 3 months
with n-3 PUFA contained in Pro-Mega capsules (Parke
Davis, Warner Lambert Co., Morris Plains, NJ, USA), pro-
viding 1-68 g EPA, 0-72 g DHA, 0-6 g other fatty acids and
6 mg vitamin E/d. Blood was collected at baseline and at the
end of 1, 2 and 3 months of supplementation with fish oil.
Peripheral-blood mononuclear cells (PBMC) were separated
from blood and cultured in the presence or absence of
mitogens for measurement of lymphocyte proliferation,
cytokine and PGE; production.

The resuits showed that n-3 PUFA supplementation for 3
months significantly increased plasma levels of EPA and
DHA in both young and older subjects; however, the increase
in EPA and DHA was greater in older subjects than in young
subjects (10-fold increase for EPA and 2-5-fold increase for
DHA in older subjects v. 5-fold increase for EPA and
1-6-fold increase for DHA in young subjects). AA was
significantly decreased in older subjects, whereas it did not
change in young subjects, resulting in a lower value for
AA : EPA in older subjects than in young subjects. There
was no significant age-associated difference in the produc-
tion of inflammatory cytokines. Supplementation with n-3
PUFA decreased the production of all the inflammatory
cytokines tested in both young and older subjects, with a
greater decrease being observed in older subjects: IL-1 syn-
thesis was reduced by 48 % in young subjects and 90 % in
older subjects; TNF was reduced by 58 % in young and 70 %
in older subjects; IL-6 was reduced by 30 % in young and 60
% in older subjects. IL-2, a T-cell growth factor necessary for
lymphocyte activation, was produced in a significantly lower
amount in older subjects than in young subjects at baseline
and after 1 month of n-3 PUFA supplementation. Consump-
tion of n-3 PUFA tended to reduce IL-2 production, but
only the reduction in older subjects reached significance.
Proliferative response of PBMC to T-ceil mitogens was sig-
nificantly lower in older subjects at all time points compared
with that in young subjects. Supplementation with #-3 PUFA
inhibited lymphocyte proliferation significantly in older
subjects (36 % reduction after 3 months) but not in young
subjects. PGE,, a suppressive factor of T-cell function, was
found to be decreased by 57 % in older subjects and 40 % in
young subjects after 3 months of n-3 PUFA supplementation.
However, the decrease seen in young subjects did not reach
statistical significance. Similar results were observed by
Endres et al. (1989, 1993), who demonstrated that n-3 PUFA
supplementation (4-69 g/d) in healthy men for 6 weeks
reduced IL-1, TNF and IL-2 production, and lymphocyte
proliferation.

It is interesting to note the age-associated difference in the
suppressive effect of n-3 PUFA on these variables. While
the mechanism of this age difference was not determined, the
more dramatic changes in older subjects were associated
with a larger increase in plasma EPA and DHA and a greater
decrease in AA in older subjects compared with young sub-
jects. This difference in the magnitude of #-3 PUFA-induced
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changes in plasma fatty acid might be a resuit of age-
associated differences in fatty acid absorption (Hollander et
al. 1984).

PGE; has been shown to suppress IL-1 and IL-2 produc-
tion, and lymphocyte proliferation (Goodwin & Webb, 1980;
Knusden et al. 1986). We showed that a decrease in PGE,
production by o-tocopherol supplementation enhances IL-2
production and lymphocyte proliferation in old mice
(Meydani et al. 1986) and elderly human subjects (Meydani
et al. 1990). Contrary to the presumption that reduced pro-
duction of PGE, should lead to enhanced IL-2 production
and lymphocyte proliferation, #n-3 PUFA supplementation
resulted in suppressed T-cell-mediated function. Similarly,
Meydani et al. (1988) showed a decrease in both PGE,
production and natural killer cell activity in mice fed on a fish
oil-supplemented diet, although PGE, has been reported to
inhibit natural killer cell activity (Roder & Klein, 1979,
Brunda et al. 1980). These results indicate that mechanisms
other than those mediated through PGE; may exist and play a
more dominant role in the r-3 PUFA-induced effect on
immune function. Excessive production of lipid peroxides
such as H,O; has been shown to suppress lymphocyte prolif-
eration (Zoschke & Messner, 1984). Meydani et al. (1991b)
showed that n-3 PUFA supplementation increased plasma
malonaldehyde levels, and this increase was greater in older
women than in young women. IL-2 is a key cytokine in
cell-mediated immune response, and its production may be
affected directly by PUFA, independent of the changes in
eicosanoid production, as indicated by Santoli & Zurier
(1989). Furthermore, Hughes and colleagues showed, in
both in vivo (Hughes et al. 1996a) and in vitro (Hughes &
Pinder, 1996; Hughes et al. 1996b) studies, that n-3 PUFA
supplementation can inhibit the antigen-presenting function
of human blood monocytes by reducing the expression of
related cell surface molecules such as major histo-
compatibility complex class II, intercellular adhesion
molecule-1, leukocyte-function-associated antigens-1 and
-3. A recent study (Jolly et al. 1997) showed that feeding
mice on a low-fat diet enriched in n-3 PUFA (EPA and DHA)
for a short period (10 d) suppressed concanavalin A (Con
A)-induced lymphocyte proliferation and 1L.-2 production,
which was accompanied by a reduction in the production
of lipid second messengers, diacylglycerol and ceramide.
Diacylglycerol and ceramide play an important role in
murine T-cell proliferation (Jolly et al. 1996). In vitro
supplementation with EPA and DHA was also shown to
inhibit protein kinase activity in mouse splenocytes
(VanMeter et al. 1994) and in rat peritoneal macrophages
(Tappia et al. 1995). These results indicate that the n-3
PUFA-induced effects on T-cells might be mediated through
a change in signal transduction. Further discussion of this
mechanism is provided iater (see pp. 505-506).

Immunological effect of long-term feeding of low-fat,
low-cholesterol diets with or without fish-derived n-3
polyunsaturated fatty acid enrichment

In order to determine if the suppressive effects observed were
specific to n-3 PUFA or not, we investigated the effect of
long-term feeding of the National Cholesterol Education
Panel Step-2 diet high in fish-derived n-3 PUFA or in plant-
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derived n-6 and n-3 PUFA on the immune response of
healthy adults (Meydani et al. 1993). Twenty-two healthy
volunteers over the age of 40 years were divided into two
groups and fed on National Cholesterol Education Panel
Step-2 diets enriched with either 1-23 g EPA and DHA/d
(high-fish) or 027 g EPA and DHA/d (low-fish); the
remaining n-3 PUFA in the two diets was provided as
plant-derived linolenic acid, 18 : 3r-3. After 6 months of
supplementation, the high-fish group had a small but signifi-
cant decrease in the percentage of helper T-cells, whereas the
percentage of suppressor T-cells was increased. This change
was accompanied by a significant reduction in delayed-type
hypersensitivity skin response and proliferative response of
PBMC to T-cell mitogen Con A. A significant correlation
between changes in delayed-type hypersensitivity and
plasma EPA levels was observed. As reported in previous
studies, IL-1B, TNF-o and IL-6 produced by PBMC from
subjects fed on the high-fish diet were significantly reduced.
In addition, a non-significant decrease in IL-2 and
granulocyte macrophage growth factor was observed in this
group. In contrast, the low-fish group showed increased
PBMC proliferative response to Con A as well as production
of IL-1f and TNF-q, but no significant effect on delayed-
type hypersensitivity, IL-6, granulocyte macrophage growth
factor or PGE, production. These results indicated that the
suppressive effect of n-3 PUFA is not observed with plant-
derived n-6 and n-3 PUFA. When expressed relative to
PUFA (per double bonds), plasma o.-tocopherol was signifi-
cantly decreased in the high-fish group but not in the low-fish
group. Since a decrease in «a-tocopherol level has been
shown to suppress T-cell-mediated function, these results
indicate that n-3 PUFA may in part exert their effect indi-
rectly through a reduction in a-tocopherol level. Reduction
in tocopherol status has also been observed following fish oil
consumption in animals (Meydani et al. 1987; Fritsche et al.
1992; Farwer, 1994; Wander et al. 1997).

Studies on the mechanism of immuno-suppressive
effect of n-3 polyunsaturated fatty acid
supplementation in mice

As discussed previously, decreased PGE; production after
n-3 PUFA consumption does not result in an enhanced
immune response as expected; rather, n-3 PUFA in most
studies were shown to suppress immune response. Increased
lipid peroxidation (Piche et al. 1988; L’Abbe ez al. 1991;
Meydani et al. 1991b; Wander et al. 1996, 1997) and
compromised vitamin E status (Meydani ez al. 1987; Fritsche
et al. 1992; Farwer, 1994; Wander et al. 1997) have been
implicated as contributing factors to the immunological
effects of marine-derived n-3 PUFA. To strengthen the
evidence for this hypothesis, and to further explore the role
of eicosanoids, we conducted the following studies (Shapiro
etal. 1993, 1994).

Specific pathogen-free C57BL/6NIA mice (2 months old)
were randomly assigned to two groups (twenty-four per
group) and fed on semi-purified diets containing either high
levels of n-3 PUFA (88 g fish oil + 12 g maize oil/kg) or n-6
PUFA (70 g maize oil + 30 g lard/kg) for 8 weeks. The
mice were killed at the end of the supplementation period.
Tissue fatty acid and vitamin E levels were measured, and
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splenocytes were isolated to be used for in vitro immune
response analyses. n-3 PUFA-fed mice showed a significant
increase in EPA and DHA, and a decrease in AA of total liver
fatty acids. Liver vitamin E levels were lower in the n-3
PUFA group compared with the n-6 PUFA group. A signifi-
cant decrease in the percentage of total T-cells, T helper and
T suppressor cells, and macrophages was observed in the
spleens from n-3 PUFA-fed mice. Associated with these
changes, a suppressed mitogenic response of splenocytes
to phytohaemagglutinin (PHA) was also observed in n-3
PUFA-fed mice. Next, splenocytes were cultured in the
presence of different levels of AA (PGE; and LTBy)- and
EPA (PGE; and LTBs)-derived eicosanoids or vitamin E.
While both PGE, and PGE; were found to inhibit PHA-
induced splenocyte proliferation, relatively higher concen-
trations of PGE, were needed to obtain the same percentage
inhibition of proliferation than were needed for PGEs. This
finding indicated that PGE; has the same or a greater sup-
pressive effect on lymphocyte proliferation than PGE;. In
vitro addition of LTB, did not significantly affect splenocyte
proliferation induced by Con A or PHA, whereas addition
of LTBs tended to inhibit Con A-induced proliferation of
splenocytes from n-3 PUFA-fed mice. Similar results were
observed in another study in which in vitro addition of PGE3
and LTB;s diminished Con A-induced mitogenic response in
human PBMC to a larger extent than the same concentrations
of PGE,; and L.TB,4 (Shapiro et al. 1993). Thus, while n-3
PUFA decrease formation of PGE,, the production of PGE;
and LTBs following the consumption of n-3 PUFA could
contribute to the suppression of lymphocyte proliferation.
Vitamin E added in vitro significantly enhanced lymphocyte
proliferation in both control and fish oil-fed mice; however,
vitamin E induced a larger increase in mice fed on the #-3
PUFA diet (281 %) than in those fed on the #-6 PUFA diet
(109 %). This is consistent with the studies reported by
Kramer et al. (1991) in which supplementation of human
subjects with 15 g fish oil/d for 10 weeks suppressed the
mitogenic responsiveness of PBMC to Con A, and supple-
mentation with 200 mg tocopherol for 8 weeks reversed the
depressed mitogenic response induced by feeding fish oil.
They further showed a positive correlation between plasma
o.-tocopherol concentrations and responsiveness of PBMC
to Con A.

Taken together, these results indicate that increased
production of EPA-derived eicosanoids and decreased levels
of vitamin E may contribute to the immunc-suppression
observed in #n-3 PUFA-supplemented human subjects and
animals.

Comparison of immunological effects of marine-
and plant-derived n-3 polyunsaturated fatty
acids in non-human primates

To further determine the role of vitamin E and increased lipid
peroxidation in n-3 PUFA-induced alteration of immune
response, the following experiment was conducted in
non-human primates (Wu et al. 1996). In this study, the
immunological effects of feeding two sources of n-3 PUFA,
i.e. marine- and plant-derived, in the presence of adequate
levels of tocopherol was determined. The plant-derived n-3
PUFA were included because they, particularly ¢.-linolenic
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acid (ALA, 18 : 3n-3), have been indicated to provide the
same benefit as supplementation with fish oil, but with fewer
adverse effects (Simopoulos ef al. 1986; Hunter, 1987); their
effect on immune response was not well documented.

Twenty male cynomolgus monkeys (Macaca
fascicularis) were fed on a baseline diet containing 30 % of
energy as fat for 14 weeks. They were then randomly divided
into two groups (ten per group). One group was fed on a diet
containing 3-5 % energy as ALA for 14 weeks, followed by a
diet containing 5-3 % energy as ALA for another 14 weeks.
The other group was fed on diets containing EPA and DHA
(combined) at 1-3 % energy and at 3-3 % energy, each for 14
weeks. The other fatty acids were similar in all diets, and
the amount of tocopherol added to the diets was calculated
according to the mathematical formula described by Muggli
(1989). Previous studies were confounded by the fact that
either adequate tocopherol was added to the n-3 PUFA, or the
same amount of tocopherol was added to the n-3 PUFA diet
and the control diet, often a less-unsaturated diet. Blood
samples were collected at the end of each dietary period for
laboratory analysis.

The results showed that plasma fatty acid profiles gener-
ally reflected the fatty acid compositions of the respective
dietary lipid sources. Mitogenic response of PBMC to Con
A and PHA were significantly enhanced by 51 and 47 %
respectively after consumption of EPA and DHA at 3-3 %
energy, while no significant change was observed in the
ALA group. Similarly, both Con A- and PHA-stimulated
IL-2 production by PBMC was significantly increased
after consumption of EPA and DHA but not ALA. Con A-
stimulated 1L.-2 production was promoted by 111 and 128 %
respectively after consumption of diets containing 1-3 and
3-3 % energy as EPA and DHA, and also a 140 % increase
in PHA-stimulated IL-2 production was observed after
consumption of the diet containing 3-3 % energy as EPA and
DHA. Consumption of both EPA and DHA and ALA signifi-
cantly inhibited PGE; production by PBMC on stimulation
by Con A or PHA, with a higher degree of inhibition seen
in the EPA and DHA group than in the ALA group. The
lymphocyte subpopulations, as analysed by flow cytometry,
showed a reduction in the percentage of T-cells, T helper
cells, and T suppressor cells after consumption of both EPA
and DHA and ALA diets, which is consistent with our
previous finding in mice (Shapiro et al. 1994). In this study,
o-tocopherol was added to the diets based on the existing
formulas (Muggli, 1989). Accordingly, no significant
change in a-tocopherol level was observed following EPA
and DHA consumption. Unexpectedly, however, plasma
o-tocopherol concentrations significantly decreased by 19 %
and 27 % respectively after consumption of the diets
containing 3-5 and 5-3 % energy as ALA. This inadequate
supply of vitamin E was further reflected in the plasma
phosphatidylcholine hydroperoxide concentration adjusted
for the unsaturated index (per double bond). ALA-fed
animals tended to have a higher plasma phosphatidylcholine
hydroperoxide production than did those fed on EPA and
DHA. Thus, it appears that the calculated «-tocopherol
requirement based on the amount of unsaturation of oils in
the diets (Muggli, 1989) may not adequately reflect the
actual levels needed in vivo when fatty acids have the poten-
tial to be further elongated and desaturated in the body to


https://doi.org/10.1079/PNS19980074

Lipids and the immune system 507

more unsaturated PUFA, as demonstrated by the existence of
EPA and DHA in ALA-fed animals. The change in vitamin
E status and hydroperoxide production may have offset
the immune-enhancing effect that could otherwise have
resulted from inhibited PGE, production caused by ALA

consumption.

The results of this study further support the importance of
adequate vitamin E levels when the effect of n-3 PUFA on
immune response is determined. In addition, this study
demonstrated that the suppressive effect of n-3 PUFA admin-
istration on T-cell function can be prevented by vitamin
E supplementation. Our current studies are designed to
determine the levels of a-tocopherol needed to maintain
T-cell-mediated immune competence and the oxidant—
antioxidant balance in old subjects while preserving the

anti-inflammatory effects of n-3 PUFA.

Summary

n-3 PUFA have been shown to reduce the risk of cardio-
vascular and inflammatory diseases. However, they have
also been shown to suppress T-cell-mediated immune func-
tion, an undesirable effect, especially in immuno-suppressed
individuals. Studies have thus far suggested that this
immuno-suppression may be in part attributable to increased
lipid peroxidation and decreased antioxidant (especially
vitamin E) levels, which can be prevented by appropriate
vitamin E supplementation. Further well-designed human
studies are needed to determine the appropriate levels of n-3
PUFA and vitamin E supplementation to optimize the benefi-
cial anti-inflammatory effect of n-3 PUFA and minimize

their suppressive effect on T-cell function.
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