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Summary

 

Our laboratory has demonstrated that down-regulation of proliferation and
cytokine synthesis by CD4

  

++++

 

 T cells in mice fed diets rich in n-3 polyunsatu-
rated fatty acids (PUFA) is highly dependent on the involvement of the co-
stimulatory molecule, CD28. It has been reported that the inhibitory cytokine
interleukin (IL)-10 acts directly on T cells which up-regulate IL-10 receptor
(IL-10R) expression following stimulation via CD28 by efficiently blocking
proliferation and cytokine production. Thus, it was hypothesized that dietary
n-3 PUFA would suppress T cell function through the effects of IL-10. The
proliferation of purified splenic CD4

  

++++

 

 T cells activated 

 

in vitro

 

 with anti-CD3
and anti-CD28 (aaaa

 

CD3/CD28) from conventional mice (C57BL/6) fed either a
control corn oil (CO)-enriched diet devoid of n-3 PUFA, docosahexaenoic
acid (DHA; 22 : 6) or eicosapentaenoic acid (EPA; 20 : 5) for 14 days was sup-
pressed by dietary DHA and EPA. Surprisingly, a similar trend was seen in IL-
10 gene knock-out (IL-10

 

–/–

 

) mice fed dietary n-3 PUFA. IL-10R cell surface
expression was also significantly down-regulated on CD4

  

++++

 

 T cells from both
the C57BL/6 and IL-10

 

–/–

 

 mice fed dietary n-3 PUFA after 72 h of 

 

in vitro

 

 stim-
ulation with aaaa

 

CD3/CD28. Enzyme-linked immunosorbent assay (ELISA)
measurements revealed that C57BL/6 mice fed DHA had significantly reduced
interferon (IFN)-gggg

 

 and IL-10 levels 48 h post-activation. However, CD4

  

++++

 

 T
cells from IL-10

 

–/–

 

 mice fed dietary n-3 PUFA produced significantly greater
levels of IFN-gggg

 

 than the CO-fed group. Our data suggest that in the absence of
IL-10, CD4

  

++++

 

 T cells from n-3 PUFA-fed mice may up-regulate IFN-gggg

 

. Sup-
pressed CD4

  

++++

 

 T cells from n-3 PUFA-fed C57BL/6 mice may use mechanisms
other than IL-10 to down-regulate T cell function.
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I

 

ntroduction

 

Interleukin (IL)-10 is a major regulatory cytokine of inflam-
matory responses. It was described originally as a mouse Th2
cell factor, inhibiting cytokine synthesis by Th1 cells [1].
However, increasing evidence suggests that IL-10 acts as a
general inhibitor of proliferative and cytokine responses of
both Th1 and Th2 cells 

 

in vitro

 

 and 

 

in vivo

 

 [2–4]. IL-10 is
released by mononuclear phagocytes [2,3], natural killer
cells and by both Th1- and Th2-type lymphocytes [4]. Its
production is tightly regulated, as excess IL-10 leads to the
inability to control infectious pathogens, while insufficient
IL-10 leads to the pathology secondary to tissue injury. The
immunosuppressive potency of IL-10 depends on the timing

of IL-10 and IL-10 receptor (IL-10R) expression, and the IL-
10 suppressive activity can diminish during immune and
inflammatory responses [5,6].

The co-stimulatory signal induced by complexing CD28
with specific monoclonal antibodies (MoAbs) or by interac-
tion with B7 counter-receptors enhances the antigen-depen-
dent T cell proliferation and cytokine production [7,8]. It
has been shown that IL-10 elicits tolerance in T cells by selec-
tive inhibition of the CD28 co-stimulatory pathway and
thereby controls suppression and development of antigen-
specific immunity. IL-10 inhibited only T cells stimulated by
the engagement of low numbers of T cell receptors, i.e. con-
ditions which require CD28 co-stimulation [9,10]. IL-10
inhibited CD28 tyrosine phosphorylation, the initial step of
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the CD28 signalling pathway, and consequently the phos-
phatidylinositol 3-kinase p85 binding to CD28 [9]. In addi-
tion, Akdis 

 

et al

 

. demonstrated that stimulation of CD45RO

 

+

 

memory T cells from healthy human subjects up-regulated
IL-10 receptor (IL-10R) expression, rendering the cells more
susceptible to IL-10-mediated suppression. The IL-10-
induced selective inhibition of the CD28 co-stimulatory
pathway acts as a decisive mechanism in determining
whether a T cell will contribute to an immune response or
become anergic.

Previous results from our laboratory show that T lympho-
cytes from mice fed diets enriched in n-3 polyunsaturated
fatty acids (PUFA), docosahexaenoic acid (DHA; 22 : 6) and
eicosapentaenoic acid (EPA; 20 : 5), found in fish oil (FO),
produced significantly less IL-2, but only when cells were
activated with 

 

a

 

CD3/CD28 and not when activated with

 

a

 

CD3/PMA (phorbol ester) [11]. Furthermore, dietary n-3
PUFA significantly enhanced the expression of CD28 on the
surface of CD4

 

+

 

 T cells (Ly 

 

et al

 

., submitted for publication).
On this background, we hypothesized that the suppressive

effects of diet would be mediated by IL-10 and its relation-
ship with CD28. To investigate this hypothesis, we have
determined the influence of dietary DHA and EPA on the
proliferative response, kinetics of IL-10R expression and
anti-inflammatory cytokine production of purified splenic
CD4

 

+

 

 T cells from conventional C57BL/6 and IL-10 gene
knock-out (IL-10

 

–/–

 

) mice. Surprisingly, all responses were
similar in both mouse groups with the exception of cytokine
production. Dietary n-3 PUFA significantly reduced inter-
feron (IFN)-

 

g

 

 production in conventional mice while dra-
matically up-regulating extracellular IFN-

 

g

 

 in IL-10

 

–/–

 

 mice.
Therefore, we conclude that dietary n-3 PUFA suppress
CD4

 

+

 

 T cell functions through mechanisms which do not
involve IL-10. Furthermore, our results suggest that dietary
n-3 PUFA may elicit the normally proinflammatory cytok-
ine, IFN-

 

g

 

, to serve as an immunosuppressive cytokine in IL-
10-deficient cells.

 

Methods

 

Diets and animals

 

Female, pathogen-free, young (12–14 g) C57BL/6 mice were
purchased from the Frederick National Cancer Research
Facility (Frederick, MD, USA). IL-10

 

–/–

 

 mouse breeder pairs
were a generous gift from Dr Daniel Berg (University of
Iowa). The colony was maintained at the Laboratory Animal
Resources and Research facility at Texas A&M University
where all breeders were genotyped according to protocol
(Jackson Laboratory, Bar Harbor, ME, USA) (data not
shown). Female and male IL-10

 

–/–

 

 (1–2 months of age) and
C57BL/6 mice were assigned to one of three semipurified
diets: 5% corn oil (CO) (control diet containing no n-3
PUFA), 1% DHA 

 

+

 

 4% CO (DHA), or 1% EPA 

 

+

 

 4% CO
(EPA), for 14 days. Diets were analysed by gas chromatogra-

phy prior to feeding, aliquoted, and stored at 

 

-

 

80

 

∞

 

C. Fresh
diet was provided daily to prevent lipid peroxidation. There
was no significant difference in food intake between dietary
groups and weight gain was similar in all groups (data
not shown). The purified diets met National Research
Council nutrition requirements and varied only in lipid
composition as described previously [12,13]. The vitamin E
levels in the diets were approximately equal (mean 

 

±

 

s.e.m. 

 

=

 

 169·2 

 

±

 

 4·4 mg/kg diet) and exceeded the minimum
requirement (22 mg vitamin E/kg diet). DHA (88·9% as
22 : 6, n-3) and EPA (94·1% as 20 : 5, n-3) were obtained in
ethyl ester form from Martek Biosciences (Columbia, MD,
USA) and Laxdale Ltd (UK), respectively. Corn oil (57·3% as
18 : 2, n-6) was obtained from Degussa Bioactives (Cham-
paign, IL, USA) [11].

 

Isolation and preparation of splenic lymphocytes

 

Mice were killed by CO

 

2

 

 asphyxiation. Spleens were placed
in RPMI complete medium [RPMI-1640 with 25 mmol/l
HEPES (Irvine Scientific, Santa Ana, CA, USA) supple-
mented with 2·5% fetal bovine serum (FBS) 

 

+

 

 2·5% homol-
ogous mouse serum (HMS) [14], 1 

 

¥

 

 10

 

5

 

 

 

m

 

/l penicillin
and 100 mg/l streptomycin (Irvine Scientific), 2 mmol/l 

 

l

 

-
glutamine and 10 

 

m

 

mol/l 2-mercaptoethanol]. Spleens were
dispersed with glass homogenizers and passed through a
149-

 

m

 

m wire mesh filter to create single-cell suspensions.
Cells were subsequently washed with RPMI complete
medium before T cell enrichment as described previously
[13].

 

CD4

  

++++

 

 T cell purification

 

Total lymphocytes were initially enriched by density gradient
centrifugation using Lympholyte-M (Cedarlane, Canada) in
accordance with the manufacturer’s protocol. The resulting
cell fraction from each spleen was incubated with an anti-
body cocktail provided by the manufacturer, loaded onto a
negative-selection mouse CD4

 

+

 

 T cell purification column
(R&D Systems, Minneapolis, MN, USA), and incubated for
10 min at room temperature (RT). Non-adherent cells were
eluted for purity and viability analysis, proliferation, FACS
analysis and real-time polymerase chain reaction (PCR)
assays. The purity of the CD4

 

+

 

 T cell population was analysed
by flow cytometry (FACSCalibur; Becton-Dickinson, Bed-
ford, MA, USA) using anti-CD4 antibody conjugated to flu-
orescein isothiocyanate (Pharmingen, San Diego, CA, USA)
and determined to be 90·3 

 

±

 

 1·4% (

 

n

 

 

 

=

 

 3) [13].

 

T cell proliferation

 

Purified CD4

 

+

 

 T cells were cultured in triplicate at 2 

 

¥

 

 10

 

5

 

cells per well (200 

 

m

 

l total) in 96-well round-bottomed
microtitre plates (Falcon, Becton-Dickinson). Cells were
cultured in the presence of 1 

 

m

 

g/ml plate-bound purified
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hamster antimouse CD3 monoclonal antibody (BD Pharm-
ingen) and 5 

 

m

 

g/ml soluble purified hamster antimouse
CD28 monoclonal antibody (BD Pharmingen) in complete
medium. These concentrations were determined by prelim-
inary experiments to induce proliferation without compro-
mising viability [11,13]. Cells were incubated at 37

 

∞

 

C in an
atmosphere of 5% CO

 

2

 

 in air for 72 or 96 h. For the final 6 h,
1·0 

 

m

 

Ci [

 

3

 

H]-thymidine/well (New England Nuclear, North
Bellerica, MA, USA) was added to the cultures. Cells were
harvested on a 96-well cell harvester (Packard Instrument
Co., Meridien, CT, USA) and cellular thymidine uptake was
measured using a liquid scintillation counter (Beckman
Coulter, Fullertan, CA, USA). Results are expressed as net
disintegrations per minute (DPM).

 

T cell activation for flow cytometry

 

Purified CD4

 

+

 

 T cells were cultured at 1–5 

 

¥

 

 10

 

6

 

 cells per well
(2 ml total volume) in 24-well flat-bottomed microtitre
plates (Falcon, Becton-Dickinson). Cells were cultured in the
presence of 1 

 

m

 

g/ml anti-CD3 with 5 

 

m

 

g/ml anti-CD28 (BD
Pharmingen) at 37

 

∞

 

C in an atmosphere of 5% CO

 

2

 

 in air for
the times indicated [11].

 

Immunofluorescence flow cytometry

 

For quantitative surface receptor staining, 10

 

6

 

 CD4

 

+

 

 T cells
from activated and control cultures were labelled with anti-
IL-10R1 (131.Ba; PE, red) (BD Pharmingen)-labelled MoAb
(4 

 

m

 

g/ml) and processed as described previously (Ly 

 

et al

 

.,
submitted for publication).

 

Enzyme-linked immunosorbent assay (ELISA) analysis

 

CD4

 

+

 

 T cells from C57BL/6 and IL-10

 

–/–

 

 mice were cultured
in triplicate for 48 h. The supernatants were analysed for
IFN-

 

g

 

 and IL-10 protein using mouse immunoassay (ELISA)
kits (R&D Systems).

 

Statistical analysis

 

Data were analysed by two-way 

 

anova

 

 for main treatment
effects using Super

 

anova

 

 statistical software (Berkeley, CA,
USA). A difference between means was tested using Dun-
can’s multiple range test. Significant and highly significant
differences were defined as 

 

P

 

 

 

<

 

 0·05 and 

 

P

 

 

 

<

 

 0·01, respec-
tively, for all tests.

 

Results

 

Dietary n-3 PUFA suppress CD4

  

++++

 

 T cell proliferation in 
C57BL/6 and IL-10

 

–/–

 

 mice

 

To determine the role of IL-10 in diet-mediated immuno-
suppression, purified splenic CD4

 

+

 

 T cells from conventional

C576BL/6 and IL-10

 

–/–

 

 mice fed diets containing n-3 poly-
unsaturated fatty acids (PUFA), DHA or EPA or corn oil
(CO; devoid of n-3 PUFA) for 14 days were activated with
antibodies to CD3 and CD28 (

 

a

 

CD3/CD28) for 72 h. Sur-
prisingly, cell proliferation was suppressed significantly in
both the C57BL/6 (Fig. 1a) and IL-10

 

–/–

 

 mice (Fig. 1b) fed
dietary n-3 PUFA. Both dietary n-3 DHA and EPA signifi-
cantly reduced T cell proliferation in the C57BL/6 mice
(Fig. 1a), whereas only EPA had a statistically significant
effect on CD4

 

+

 

 T cells from the IL-10

 

–/–

 

 mice (Fig. 1b).
Therefore, the absence of IL-10 does not alter the suppressive

 

Fig. 1.

 

Dietary DHA and EPA down-regulate murine CD4+ T cell pro-

liferation. Purified splenic CD4+ T cells from (a) C57BL/6 and (b) IL-

10–/– mice fed CO, DHA or EPA were activated with antibodies to surface 

receptors CD3 and CD28 and cellular uptake of [3H]-thymidine was 

measured 72 h post-activation. Results are expressed as mean ± s.e.m. 

of the net disintegrations per minute (DPM), n = 5. CD4+ T cells cul-

tured with media alone produced less than 600 DPM (data not shown). 

Different letters denote highly significant differences found between diet 

groups (P < 0·01). (b) DHA versus CO-fed IL-10–/– mice, P = 0·058. All 

cells were cultured in the presence of 2·5% homologous mouse serum 

(HMS) + 2·5% FBS.
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effect of dietary n-3 PUFA on polyclonal T cell activation
involving co-stimulation through CD28. These results were
contrary to our hypothesis that dietary n-3 PUFA would not
reduce CD4+ T cell proliferation in IL-10–/– mice, thereby
demonstrating a role for the IL-10 cytokine in the suppres-
sive effects of diet.

Dietary n-3 PUFA suppress IL-10 receptor (IL-10R) 
protein expression on the surface of CD4++++ T cells from 
C57BL/6 and IL-10–/– mice

To elucidate the influence of dietary n-3 PUFA on IL-10R
expression, kinetic analyses were performed on purified
CD4+ T cells from conventional and IL-10–/– mice fed the
three diets. As expected, activation of CD4+ T cells with
aCD3/CD28 up-regulated cell surface expression of the IL-
10R (Fig. 2). Cells from C57BL/6 mice fed DHA had signif-
icantly lower levels (~40%) of IL-10R molecules on a per-cell

basis than those fed the CO (control) and EPA diet after 72 h
of in vitro stimulation (P < 0·01; Fig. 2a inset). Similarly, IL-
10–/– mice fed dietary n-3 PUFA displayed markedly reduced
levels of IL-10R molecules 72 h post-activation (~35%;
Fig. 2b, inset). In this instance, both DHA and EPA-fed
groups significantly influenced the expression of the IL-10R.
These results indicate that dietary n-3 PUFA significantly and
differentially reduce the temporal expression of cell surface-
expressed IL-10R in both conventional and IL-10–/– mice.

Dietary n-3 PUFA differentially modulate IFN-gggg and 
IL-10 cytokine production in CD4++++ T cells

To investigate further the mechanism by which dietary n-3
PUFA suppress CD4+ T cell function in conventional and IL-
10–/– mice, the production of the anti-inflammatory cytok-
ine, IL-10, in cell culture supernatants was measured. It has
been reported recently that the proinflammatory IFN-g
cytokine possesses anti-inflammatory properties and
actively regulates IL-10 activity [15,16]. Thus, it was of inter-
est to measure IFN-g production as a potential anti-inflam-
matory mediator. Purified CD4+ T cells were stimulated with
aCD3/CD28 for 48 h and cell supernatants were collected.
Quantitative determination of IL-10 concentrations from
C57BL/6 mice revealed that the DHA-fed group produced
significantly less (~50%) IL-10 than those fed the CO diet,
whereas the EPA-fed group secreted dramatically more (two-
fold) of the suppressive cytokine (Fig. 3a). These results con-
firm that the anti-inflammatory cytokine IL-10 does not play
a role in the suppression of CD4+ T cell proliferation by DHA
from C57BL/6 mice (Fig. 1a). On the other hand, the immu-
nosuppressive EPA diet may utilize IL-10 by up-regulating its
expression. ELISA analysis of IFN-g production in the same
CD4+ T cell culture supernatants showed that both DHA
(P < 0·01) and EPA (P = 0·01) diets significantly reduced
IFN-g production (Fig. 3b). This suggests strongly that IFN-
g does not mediate the suppressive effects of dietary n-3
PUFA on the T cell response.

The production of IFN-g was also quantified in cell super-
natants from IL-10–/– mice. Figure 4 illustrates that dietary n-
3 PUFA feeding significantly up-regulated IFN-g production
by CD4+ T cells (>40%). Overall, the levels of IFN-g in the
supernatants of IL-10–/– CD4+ T cells were 20–100-fold higher
than those observed under identical culture conditions in
CD4+ T cells from conventional C57BL/6 mice (Fig. 3b). Our
results indicate that T cells from IL-10–/– mice may utilize the
anti-inflammatory properties of IFN-g to down-regulate T
cell function (Fig. 1b). This may occur to compensate for the
lack of available IL-10 within the cytokine network.

Discussion

The immunosuppressive role of IL-10 has been demon-
strated by several human and mouse studies [17–20].
Inflammatory bowel disease and other exaggerated inflam-

Fig. 2. Dietary n-3 PUFA suppress IL-10R surface protein expression. 

Time-course analyses of the expression of IL-10R molecules were car-

ried out in splenic CD4+ T cells cultured in the presence of HMS from 

(a) C57BL/6 and (b) IL-10–/– mice fed CO, DHA, or EPA. The y-axis 

represents the antibody binding capacity (ABC) equivalent sites for the 

IL-10R after culture with aCD3/CD28. Values represent means ± s.e.m. 

of cultures from n = 5 mice. *Highly significant differences were found 

between DHA and/or EPA and CO-fed mice (P < 0·01) Inset: histogram 

represents the mean fluorescence of anti-IL10R-PE. CO (dotted line), 

DHA (solid line) or EPA (dashed line).
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matory responses exhibited by IL-10–/– mice indicated that a
critical in vivo function of IL-10 is to limit inflammatory
responses [21–23]. Moreover, inhibition of graft-versus-host
disease by IL-10 and allograft rejection in human leucocyte
antigen-mismatched bone-marrow transplantation in severe
combined immunodeficient patients gives further evidence
for a key role of this cytokine in the induction and mainte-
nance of anergy [24].

The biological effects of cytokines are mediated through
cell surface receptors. These receptors transduce the binding
of their cytokines into cytoplasmic signals that eventually
trigger a cascade of intracellular responses. The functional
receptor complex of IL-10 consists of at least two subunits of
IL-10R1 and IL-10R2, both of which have been characterized
and shown to play critical roles in determining whether cells
respond to IL-10 [25–29].

Our data in this current study strongly suggest that the
anti-inflammatory effects of diets enriched in n-3 PUFA are
probably not mediated by IL-10. Figures 1 and 2 illustrate
that dietary n-3 PUFA continued to suppress CD4+ T lym-
phocyte responses in the absence of endogenous IL-10. Con-
ventional C57BL/6 mice fed EPA may utilize the inhibitory

Fig. 3. Dietary n-3 PUFA differentially modulate CD4+ T cell IFN-g and 

IL-10 production in C57BL/6 mice. Purified splenic CD4+ T cells from 

mice fed the three diets were activated with aCD3/CD28 in the presence 

of 2·5% HMS + 2·5% FBS for 48 h. (a) IL-10 and (b) IFN-g in culture 

supernatant fluids were quantified by ELISA as described in the Mate-

rials and Methods. CD4+ T cells cultured with media alone produced 

less than 10 pg/ml of IFN-g and 2 pg/ml of IL-10 (data not shown). 

Values from n = 5 mice represent the mean ± s.e.m. in pg/200 000 cells. 

Different letters denote highly significant differences found between diet 

groups (P < 0·01).
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Fig. 4. Dietary n-3 PUFA enhance IFN-g production in CD4+ T cells 

from IL-10–/– mice. Purified splenic CD4+ T cells from mice fed the three 

diets were activated with aCD3/CD28 in the presence of 2·5% 

HMS + 2·5% FBS for 48 h. IFN-g production in culture supernatant 

fluids was quantified by ELISA as described in the Materials and meth-

ods. CD4+ T cells cultured with media alone produced less than 200 pg/

ml of IFN-g (data not shown). Values from n = 5 mice represent the 

mean ± s.e.m. in pg/200 000 cells. Different letters denote highly signif-

icant differences found between diet groups (P < 0·01).
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IL-10 cytokine to suppress T cell function (Figs 1a and 3a),
although the IL-10R expression levels remained unaltered
(Fig. 2a). However, in similar mice fed the DHA diet, alter-
native mechanisms may explain the suppressive effect of diet
as both IFN-g and IL-10 cytokine production were down-
regulated (Fig. 3).

Beside the inhibitory effect of IL-10, other mechanisms
acting on co-stimulatory pathways have been demonstrated
to render T cells unresponsive to an antigenic trigger. Block-
ing of the CD28–B7 interaction by CTLA-4 leads to an inhi-
bition of xenogeneic graft rejection of pancreatic islets in
mice [30]. It has been shown that CTLA-4 forms a multimo-
lecular complex with T cell receptor (TCR)x and an SH2-
containing tyrosine phosphatase (SHP-2), leading to a direct
dephosphorylation of TCRx and a subsequent inhibition of
the TCR signalling pathway [31]. We demonstrated recently
that dietary n-3 PUFA feeding significantly up-regulated
both CD28 and CTLA-4 protein expression on the surface of
murine CD4+ T cells (Ly et al., submitted for publication),
thereby disrupting the balance between these two signals to
favour reduced T cell activation. These findings are relevant
to elucidate the mechanism(s) by which diet reduces T cell
function, which do not involve IL-10 (Figs 1 and 2), in con-
ventional mice. Further studies will be needed to determine
the extent to which CTLA-4 plays a role in diet-mediated
immunosuppression.

Interestingly, dietary DHA and EPA exhibited somewhat
different immunomodulatory properties. In this study, both
EPA and DHA significantly reduced CD4+ T cell prolifera-
tion in C57BL/6 mice but only EPA significantly suppressed
this response in IL-10–/– mice (Fig. 1; DHA P = 0·058). Mea-
surement of IL-10R expression levels revealed that conven-
tional mice fed DHA had significantly lower levels than the
CO-fed group, while both DHA and EPA significantly
reduced IL-10R cell surface molecules in IL-10–/– mice
(Fig. 2; t = 72 h post-activation). Furthermore, our results
indicate that the EPA diet reduced IFN-g but enhanced IL-10
production, while the DHA diet down-regulated both cytok-
ines in C57BL/6 mice (Fig. 3). Although both experimental
diets up-regulated production of IFN-g in a similar manner
(Fig. 4; IL-10–/– mice), it is clear that EPA and DHA have
unique effects on certain T lymphocyte responses in our
model. Consistent with these current findings, we reported
recently that dietary DHA and EPA differentially altered co-
stimulatory regulation as DHA significantly enhanced the
cell surface expression of CD28, while dietary EPA up-regu-
lated the expression of CTLA-4 (Ly et al., submitted for pub-
lication). The mechanisms responsible for the differential
effects of EPA and DHA on T lymphoctye responses are
unclear. EPA and DHA may conceivably have different
effects on membrane raft stability because DHA is thought
to adopt a more folded conformation in membranes and has
been shown to exclude phospholipase D from lipid rafts
[32]. We have demonstrated recently an effect of dietary n-3
PUFA on T cell lipid raft composition in our model [14,33].

Production of IFN-g in response to infection is the hall-
mark of innate and adaptive immunity [34]. IFN-g up-
regulates a variety of proinflammatory parameters such as
IL-12, IL-15, tumour necrosis factor (TNF)-a, iNOS and
caspase-1 [35–38]. IL-10 and IFN-g have opposing effects
during an active phase of an immune or inflammatory
response, characterized by high levels of IFN-g production
and modest IL-10 activity such that pathogens can be cleared
effectively [5,39]. These proinflammatory characteristics of
IFN-g contradict certain aspects of its biological activity.
Treatment of rheumatoid arthritis in mouse and human
studies was associated with a reduction of leucocyte influx
into the synovium, less synovial hyperplasia and erosion and
improved clinical status [40,41]. Similarly, administration of
IFN-g markedly reduced the incidence of disease in a rat
model of insulin-dependent diabetes mellitus [42]. The
mechanisms by which the proinflammatory IFN-g may exert
its anti-inflammatory properties has been reviewed recently
[15]. The data reviewed in this study demonstrate that IFN-
g redirects inflammatory responses by inhibiting production
of proinflammatory IL-1 and IL-8 by up-regulating the pro-
duction of cytokine antagonists such as IL-1Ra and IL-
18 BP, inducing expression of the suppressors of cytokine
signalling (SOCS) and inducing apoptosis in leucocytes and
local resident cells. The biological triggers responsible for
shifting the role of IFN-g in response to immunological
stimuli have not been elucidated. However, these anti-
inflammatory properties of the principally proinflammatory
cytokine IFN-g may explain, in part, its enhanced produc-
tion in suppressed T cells from IL-10–/– mice fed dietary n-3
PUFA (Figs 1b and 4). A clear indication of this compensa-
tory role for IFN-g is the overall increase in IFN-g produc-
tion in lymphocytes from IL-10–/– versus C57BL/6 mice (20–
100-fold; Figs 3b and 4). Further experiments will be neces-
sary to demonstrate the anti-inflammatory role of IFN-g in
IL-10–/– mice fed dietary n-3 PUFA.
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