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Abstract

We have demonstrated previously that 72-3 PUFA endogenously produced by fat-1 transgenic mice regulate CD4™ T-cell function by affect-
ing the formation of lipid rafts, liquid-ordered mesodomains in the plasma membrane. In the present study, we tested the effects of dietary
sources of 7-3 PUFA, i.e. fish oil (FO) or purified DHA, when compared with an 7-6 PUFA-enriched maize oil control diet in DO11.10 T-cell
receptor transgenic mice. Dietary 1-3 PUFA were enriched in CD4" T-cells, resulting in the increase of the 1-3:72-6 ratio. Following antigen-
specific CD41 T-cell activation by B-lymphoma cells pulsed with the ovalbumin 323-339 peptide, the formation of liquid-ordered
mesodomains at the immunological synapse relative to the whole CD4" T-cell, as assessed by Laurdan labelling, was increased
(P<0:05) in the FO-fed group. The FO diet also suppressed (P<0-05) the co-localisation of PKCH with ganglioside GM1 (monosialotetra-
hexosylganglioside), a marker for lipid rafts, which is consistent with previous observations. In contrast, the DHA diet down-regulated
(P<0-05) PKC# signalling by moderately affecting the membrane liquid order at the immunological synapse, suggesting the potential con-
tribution of the other major n-3 PUFA components of FO, including EPA.
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Immune responses are required for host protection against Furthermore, clinical and epidemiological studies have

infections and neoplasms. However, in order to prevent
immune-related disorders, such as autoimmune and chronic
inflammatory diseases, the balance between the activation
and suppression of immune responses is regulated very tightly
by complex immune cell types in higher organisms. Among
those immune cell types, CD4™ helper T-cells play a pivotal
role in regulating chronic inflammation in various disease
models, including, but not limited to, chronic colitis™"?, ather-
= “> and chronic eosinophilic

osclerosis™”’, rheumatoid arthritis

lung inflammation‘®.

Immune functions are affected by the diet. Dietary fish oil
(FO) enriched with 7-3 PUFA exhibits anti-inflammatory prop-
erties in both in vitro and in vivo experimental models”®.
DHA (22:6A4,7,10,13,16,19) and EPA (20:5A5,8,11,14,17)
are the major #-3 PUFA found in dietary fish oil®”, which
have been studied for their immunoregulatory properties.

supported the favourable role of 7-3 PUFA on T-cell-mediated
chronic inflammatory diseases”'“'V. These immunomodula-
tory effects of 7-3 PUFA appear to be mediated by a variety
of mechanisms, including the inhibition of pro-inflammatory
eicosanoid production, the antagonism of NF-kB and the
modulation of lipid rafts (reviewed previously in Kim
et al‘(lz‘m). Our laboratory has also demonstrated that 7-3
PUFA decrease the accumulation of CD4" T-cells in the
colonic lamina propria during dextran sodium sulphate-
induced colitis, thereby suppressing colitis-associated colon
cancer "1,

Previous studies have focused on CD4 " T-cells activated poly-
clonally by either concanavalin A, monoclonal antibodies specific
to CD3 and CD28, or phorbol ester (phorbol-12-myristate-13-
acetate) and ionophore (ionomycin). However, since these
treatments potently activate T-cells by multidirectional signalling

Abbreviations: AA, arachidonic acid; ALA, a-linoleic acid; FO, fish oil diet; GM1, monosialotetrahexosylganglioside; GP, generalised polarisation;
IS, immunological synapse; MO, maize oil diet; OVA, ovalbumin 323-339.
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on the cell surface, their interpretation is complicated. In order
to mimic antigen-induced clustering of proteins on the T-cell
surface, researchers have used superantigens and cholera toxin
B subunit, which also have limitations since they do not accurately
reflect the response of T-cells to nominal antigens. In contrast,
antigen-specific T-cell activation, in which polar immunological
synapses (IS) to antigen-presenting cells are formed, is more
physiological. Antigen-specific T-cell receptor transgenic mice
of the DO11.10 strain harbour CD4* T-cells, which respond to
the ovalbumin 323-339 (OVA) epitope. Due to the genetic
deletion of recombination activating gene 2 (RAG2), the antigen
specificity of those transgenic T-cells are maintained during
positive and negative selection in the thyrnus(m).

Heterogeneous liquid-ordered mesodomains of the plasma
membrane, i.e. lipid rafts, effectively sort signalling proteins
during CD4" T-cell antigen receptor activation according to
their affinity for raft domains, leading to the assembly of
stable, larger rafts at the contact site of T-cells/antigen-presenting
cells, i.e. IS"7® Interestingly, lipid raft size appears to be
tightly regulated, since oversized lipid raft domains negatively
affect T-cell signalling'”. Using Jfat-1 transgenic mice in
which endogenous 7-3 PUFA are generated and targeted to
the T-cell membrane®?Y, we have demonstrated that 7-3
PUFA modulate lipid raft composition and down-regulate
CD4™" T-cell signalling®®. The fat-1 transgenic mouse model
has an advantage in that fatty acid loss to the culture
medium during the functional ex vivo assessment of CD4™
T-cells is prevented®”, However, it remains to be determined
whether dietary supplementation with 7-3 PUFA can recapitu-
late these findings. Therefore, in the present study, we fed
DO11.10-Rag2 /™ T-cell receptor transgenic mice a semi-purified
diet containing either fish oil (enriched with DHA and EPA),
purified DHA alone, or control maize oil (devoid of n-3
PUFA) at physiologically relevant levels®?. Here we report
the effects of dietary FO and DHA on antigen-induced lipid
raft formation and subsequent T-cell signalling.

Materials and methods
Mice and diets

All experimental procedures using laboratory animals were
approved by the Texas A&M University Laboratory Animal
Care and Use Committee. DO11.10 Rag2™’~ T-cell receptor
transgenic mice were purchased from Taconic Farms, bred
and maintained at Texas A&M University. At the onset of the
study, sex- and age (8—16 weeks)-matched mice were fed a
semi-purified control diet containing 5% maize oil (MO)
(Dyets Company) by weight during the 7d acclimatisation
period, followed by a 2-week feeding period with either the
same MO control diet, a FO diet (1% MO + 4% FO; Omega
Protein Corporation) or a DHA diet (405% MO + 0:95%
DHASCO® (449 % purity); Martek)). All the diets met the
Nutrition Research  Council’s requirementswn
containing identical levels of major (fat 5%, protein 20 %,
carbohydrate 42%, starch 22% and fibre 6%) and minor
(vitamins 35 %, minerals 1%, methionine 0-35% and choline
chloride 0-2%) ingredients and differed only in the sources

nutrition

of fat as described above. The diets were stored at —20°C
and provided fresh daily in order to avoid oxidation. Food
and drinking-water were provided ad libitum.

CD4* T-cell purification and Laurdan labelling

Mice were euthanised by CO, asphyxiation. Spleen was
removed and placed in complete Roswell Park Memorial
Institute (RPMI)-1640 medium with 25mm-HEPES (rvine
Scientific), supplemented with 5% fetal bovine serum (FBS;
HyClone), 10° U penicillin/l (60 mg/D) and 100 mg streptomycin/I
(Irvine  Scientific), 2 mM-L-glutamine (Gibco) and 10 wm-2-
mercaptoethanol (Sigma). CD4" T-cells (>90% pure as
determined by surface staining of CD3 and CD4, data not
presented) were isolated from the spleen by a magnetic
microbead positive selection method (Miltenyi Biotec)
according to the manufacturer’s recommendations*?. Purified
CD4 ™ T-cells were labelled with Laurdan (Invitrogen) for lipid
raft visualisation as described previously'®®. Briefly, 5 wmol/I
Laurdan was prepared in serum-free RPMI medium and
incubated with 2 % 10° cells/ml for 30min at 37°C. The cells
were subsequently washed and resuspended in serum-free
Leibovitz’s medium (Irvine Scientific).

Analysis of fatty acid composition

Total lipids were extracted from the diets or CD4" T-cells by
the method of Folch et al.®>. Briefly, lipids were extracted
by the mixture of chloroform and methanol (2:1, v/v),
followed by methylation with 6% (v/v) hydrogen chloride in
methanol. Fatty acid methyl esters were extracted using
hexane and 0-1M-potassium chloride and analysed by capil-
lary GC (Fig. 1) as described previously®®.

Antigen-specific stimulation and lipid raft assessment

For antigen-specific activation, A-20 B-lymphoma cells (ATCC)
at a logarithmic growth phase were incubated with 25 pwg/ml
of OVA peptide (Quality Controlled Biochemicals, custom
synthesised, peptide sequence: ISQAVHAAHAEINEAGR) for
4h at 37°C in complete RPMI medium. After incubation,
excess OVA was removed by washing with PBS, and OVA-
pulsed B cells and Laurdan-labelled CD4" T-cells were
mixed at a 1:2 ratio. Cell mixtures were seeded onto poly-
L-lysine-precoated chambered cover glass slides (2 x 10°
CD4™" T-cells/ chamber; Sigma-Aldrich) in serum-free Leibovitz’s
medium. After 30 min of incubation at 37°C, Laurdan-labelled
plasma membranes were visualised by two-photon microscopy
(Zeiss LSM 510 META NLO) with a 40 X objective 1-3 numerical
aperture (NA) oil at wavelengths of 400—460 and 470—530 nm.
The Coherent Chameleon femtosecond-pulsed Ti:Sapphire
laser was set at an excitation wavelength of 770nm. All
images were converted to 8-bit/channel TIFF format and were
processed using Adobe Photoshop CS3®. The mean intensity
of each colour channel was measured in areas of interest
either at the contact regions of the IS by drawing an oval at
the T-cell membrane proximal to the B-lymphoma cell or on
the same whole CD4" T-cell by drawing a polygon around

ssaud Aussanun sbpuquied Ag auluo paysiignd v7Z00E LS L L£000S/£L0L'0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114513002444

o

British Journal of Nutrition

256 W. Kim et al.

(A) 0-3

*
0-2 -
0-1
0-0
MO FO DHA

2:0

GP value

©

151 —— a,b

10 |

GP fold increase

05

0-0

MO FO DHA

Fig. 1. (A) Formation of liquid-ordered mesodomains was quantified as gen-
eral polarisation (GP) values at the immunological synapse (m) or the whole
CD4" T-cell (). DO11.10 T-cell receptor transgenic CD4* T-cells were
co-cultured with ovalbumin-pulsed B-lymphoma cells (ten to twelve cells per
mouse from four mice per diet were examined to obtain a total of forty to
forty-eight observations). Values are means, with standard errors rep-
resented by vertical bars. *Mean value was significantly different from that of
the whole cell (P<0-05). (B) Increase in membrane liquid order at the
immunological synapse relative to the whole CD4" T cell was assessed by
calculating the fold increase of GP values. Fold increase was expressed
as GPimmunological synapse/ GPwhole cell- abMean values with unlike letters were
significantly different (P<0-05). MO, maize oil diet; FO, fish oil diet.

the cell as described previously’®®. The fold increase of
generalised polarisation (GP) values, which indicate the
liquid-ordered state of the membrane®***® was calculated
as GPcomacl rcgion/GPwholc cell

Assessment of the co-localisation of PKCO with
lipid rafts

Isolated CD4% T-cells were mixed with OVA-pulsed A-20
B-lymphoma cells (2:1) and seeded onto poly-L-lysine-
precoated chambered cover glass slides. After a 30min
incubation period, cells were fixed in 4% formaldehyde for
20 min, rinsed with PBS and incubated with 10 mM-glycine in
PBS for 10 min at room temperature to quench excess alde-
hyde groups. Cell membranes were permeabilised by
exposure to 0:2% Triton X-100 in PBS for 5min at room
temperature, followed by washing with PBS. The cells were
subsequently covered with blocking solution (1% bovine
serum albumin/0-1% NaNj; in PBS) and incubated at 4°C over-
night with a primary rabbit antibody specific to PKCH (Santa
Cruz Biotechnology). After washing with PBS, cells were
incubated with a secondary Alexa Fluor™ 568 goat antibody
specific to rabbit IgG (Molecular Probes) and monosialotetra-
hexosylganglioside (GM1)-specific cholera toxin B subunit

conjugated with FITC (Sigma-Aldrich) for lipid raft visualisa-
tion. Following serial ethanol dehydration steps, samples
were mounted onto glass slides with ProLong Antifade reagent
(Molecular Probes). Fluorescence images were acquired by
confocal microscopy to determine the co-localisation of PKC8
with GM1 using a Bio-Rad Radiance 2000MP multiphoton
system (63 X objective 14 NA water). Cell images were
captured in 8-bit TIFF format, and the co-localisation of
PKCO with GM1 at the IS was calculated by Pearson’s
correlation using Image J software (NIH).

Statistics

All data were tested for normality followed by one-way
ANOVA with Tukey’s post hoc test using GraphPad Prism ver-
sion 5.00 for Windows (GraphPad Software, Inc.). Differences
in data at P<0-05 were considered statistically significant.

Results
Incorporation of dietary n-3 PUFA into CD4" T-cells

The fatty acid composition of the diets, expressed in mol% of
individual fatty acids, was assessed by GC?® and is presented
in Table 1. As expected, -3 PUFA, i.e. a-linoleic acid (ALA,
18:3n-3), EPA (20:5n-3) and docosapentaenoic acid
(22:5n-3), were enriched in the FO diet, at the expense of
oleic acid (18:17-9) and linoleic acid (18:21n-6) when com-
pared with the MO control diet. DHA (22:671-3) was present
in both the FO (5-55 (sem 0-50) mol%) and DHA (4:09 (SEM
0-36) mol%) diets, and this difference was statistically signifi-
cantly (P<0-05). Consequently, the total n#-3 PUFA content
was highest in the FO diet (18:03 (sem 1-11) mol%) followed
by the DHA (463 (sem 0:41)mol%) and MO (0:67 (sEm
0-05)) diets (P<0-05 between the groups). During the
2-week dietary intervention, body weights were recorded at
days 0, 7 and 14 and did not differ significantly between the
groups (data not shown). In order to determine the enrich-
ment of dietary fatty acids in CD4% T-cells, total fatty acid
profiles in purified splenic CD4" T-cells were analysed

Table 1. Fatty acid composition of the diets
(Mean values with their standard errors, n 4 mice)

MO (mol%) FO (mol%) DHA (mol%)

Mean SEM Mean SEM Mean SEM
14:0 ND 9.14° 0-11 3.292 0-04
16:0 12.332 0-05 24.90° 0-59 13.742 0-04
16:1n-7 ND 10-65° 0-14 0-36% 0-01
18:0 2.11° 0-09 4.202 0-02 1.89° 0-01
18:1n-9 28.-96° 0-03 15.742 0-17 27-55° 0-06
18:2n-6 55.93° 0-18 17.342 0-13 48.54° 0-44
18:3n-3 0-67° 0-05 1.22° 0-11 0-542 0-05
20:5n-3 ND 10-52 0-37 ND
22:5n-3 ND 0-74 0-18 ND
22:6n-3 ND 5.55° 0-50 4.09° 0-36
>n-3 0-672 0-05 18.03° 1-11 4.63° 0-41

MO, maize oil diet; FO, fish oil diet; ND, not detectable.
abC\ean values within a row with unlike superscript letters were significantly differ-
ent (P<0-05).

ssaud Aussanun sbpuquied Ag auluo paysiignd v7Z00E LS L L£000S/£L0L'0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114513002444

o

British Journal of Nutrition

Dietary 7-3 PUFA promote T-cell lipid rafts 257

Table 2. Fatty acid analysis of CD4" T-cells following the dietary
intervention

(Mean values with their standard errors, n 4 mice)

MO (mol%) FO (mol%) DHA (mol%)

Mean SEM Mean SEM Mean SEM
14:0 3.232 0-37 3.822 0-43 9-15° 0-61
16:0 41.35 0-55 36-82 5.81 44.42 2:10
16:1n-7 0-14 0-12 0-31 0-04 0-14 0-11
18:0 29-41 1.50 33-35 0-47 22.39 6-00
18:1n-9 6-50 0-84 5.72 1.56 419 1.18
18:1n-7 0-73 0.02 0-78 0-19 0-29 0-24
18:2n-6 7-96 0-55 6-45 2-30 4.78 0-87

18:3n-3 5.05°  2.43 5.25° 1.99 0-80°  0-65
20:4n-6 5.63° 1.32 4.51° 0-28 1.982 1.62

20:5n-3 ND 0-86 0-11 ND
22:5n-3 ND 0-47 0-03 ND

22:6n-3 ND 1.66% 0-53 5.54° 2.01
sn3 5.05 2.43 7-38 2.51 6-35 3.36
s n-6 13.59°  0.76 10-972°  2.01 676  2.48
n-3:n-6 0372 020 0-67° 0-11 0.94°  0-16

MO, maize oil diet; FO, fish oil diet; ND, not detectable.
ab<\Mean values within a row with unlike superscript letters were significantly differ-
ent (P<0-05).

(Table 2). CD4™" T-cells from FO-fed mice exhibited compar-
able ALA (FO 5-25 (sem 1:99) v. MO 505 (SEM 2-43) mol%)
and arachidonic acid (AA, 20:4n-6) (FO 451 (seM 0-28) v.
MO 5-63 (sem 1-32) mol%) when compared with the MO con-
trol group, while EPA (0-86 (sim 0-11) mol%), docosapentae-
noic acid (047 (sem 0-03) mol%) and DHA (1-66 (SEM
0-53)%) were detected in CD4" T-cells from the FO group
but not in the cells from the MO control group. In contrast,
the cells from mice fed the DHA diet contained trace amounts
of ALA (0-80 (SEM 0-65) mol%) and AA (1-98 (SEM 1-62) mol%)
when compared with the MO (ALA 5:05 (SEM 2-43) and AA
5:63 (sEM 1-32) mol%) and FO (ALA 525 (siM 1-99) and AA
451 (seM 0-28) mol%) dietary groups, while DHA (5:54 (SEM
2:01) mol%) was highly enriched (P<<0-05). Total amounts of
n-3 PUFA in CD4% T-cells were not significantly different
between the dietary groups, but the cells from mice fed the
DHA diet exhibited significantly reduced (P<0-05) levels of
n-6 PUFA when compared with the MO group (6:76 (SEM
2:48) v. 1359 (sem 0-76) mol%, respectively). Consequently,
the membrane ratio of 7-3:12-6 was enhanced most by DHA
feeding (0-94 (sem 0-16)), followed by FO (0-67 (sem 0-11))
and MO control (0-37 (sem 0-20)) feeding (P<0-05).

Increase in membrane liquid order at the immunological
synapse following fish oil and DHA feeding

The formation of liquid-ordered mesodomains at the IS in
CD4™ T-cells was assessed by Laurdan labelling as described
previously***®. Following antigen-specific IS formation and
T-cell activation, DO11.10 T-cell receptor transgenic CD4™"
T-cells from the MO control diet-fed mice exhibited an insig-
nificant increase in membrane liquid order at the IS as
determined by GP values (whole cell 0-18 (sem 0-01) v. IS
0-20 (sem 0-01), P>0-05) (Fig. 1(A)). In contrast, GP values
at the IS when compared with those of the whole T-cell for

FO-fed (whole cell 0-16 (sem 0-01) v». IS 0-22 (seM 0-01),
P<0:05) and DHA-fed groups (whole cell 0-17 (sem 0-01) .
IS 0-20 (seM 0:01)) were increased. In order to investigate
whether GP values at the IS relative to the whole cell
were significantly different among the dietary groups,
we further calculated the fold increase by normalising
GPimmunological synapse 10 GPynolecen. Using this relative index,
the FO-fed mice exhibited a significant increase (P<0-05) in
liquid-ordered mesodomains at the IS as expressed by the
fold increase of GP values at the IS relative to the whole
cell (FO 1-40 (sem 0-11) v. MO 1-10 (seMm 0-06); Fig. 1(B)).
These data indicate that membrane enrichment with 72-3
PUFA following FO or DHA feeding accelerated the forma-
tion of liquid-ordered mesodomains during antigen-specific
T-cell activation.

Suppressed co-localisation of PKCO with GM1
by the fish oil- and DHA-containing diets

In order to determine whether enhanced formation of
liquid-ordered mesodomains further alters CD4" T-cell func-
tion, i.e. cellular signalling, the conjugates of CD4™" T-cells
and antigen-presenting cells (OVA-pulsed B-lymphoma cells)
were fixed on a glass slide followed by immunostaining
for PKCH (an essential T-cell signalling protein) and cholera
toxin B subunit that binds to ganglioside GM1 (a lipid raft
marker) (Fig. 2(A)). Subcellular immunofluorescence was
captured by confocal microscopy and the co-localisation of
the markers was determined at the IS by drawing an oval
around the contact site between the T-cells and antigen-
presenting cells. As determined by Pearson’s coefficient, CD4™*
T-cells from mice fed either the FO (0-37 (sem 0-04) or
DHA (0:38 (sem 0-04)) diet exhibited suppressed (P<0-05)
co-localisation of PKC6 with lipid rafts at the IS when com-
pared with the MO control diet (0-48 (sem 0-04)) (Fig. 2(B)).

Discussion

The anti-inflammatory effects of -3 PUFA on CD4" T-cells have
been studied extensively by us and others'+?1:22:2429-32.33.34=37)
The manipulation of lipid rafts, liquid-ordered mesodomains of
the plasma membrane, by dietary fatty acids has emerged as
one of the molecular targets of n-3 PUFAY333~4D e have
demonstrated previously that endogenous #7-3 PUFA produced
by fat-1 transgenic mice accumulated in the plasma membrane
and up-regulated the formation of lipid rafts in CD4™ T-cells at
the IS?. Subsequently, the function of CD4™ T cells, as assessed
by the localisation of signalling proteins and cell proliferation,
was inhibited by 7-3 PUFA“?. Interestingly, Rockett et al.“*®
recently demonstrated that dietary fish oil increased lipid raft
size in B cells, indicating that 7-3 PUFA-induced formation of
lipid rafts is not a cell type-specific phenomenon.

In the present study, we investigated the effects of dietary
7n-3 PUFA on the formation of liquid-ordered mesodomains,
which are thought to be the building blocks of lipid rafts,
using a biologically relevant dose of fish oil. In addition, pur-
ified DHA, a major component of fish oil thought to mediate
anti-inflammatory properties, was tested alone at levels
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Fig. 2. (A) Representative immunofluorescence images for the analysis of the co-localisation of PKC6 with monosialotetrahexosylganglioside (GM1). Purified
CD4" T-cells and ovalbumin-pulsed B-lymphoma cells were co-incubated, fixed, permeabilised and labelled with a PKC6-specific antibody and Alexa Fluor® 568
conjugated with a secondary antibody and GM1-specific fluorescein isothiocyanate—cholera toxin B subunit (CTX). The co-localisation of fluorescence signals
was assessed at the immunological synapse. (B) The co-localisation of PKC6 at the immunological synapse, expressed as Pearson’s coefficient (twelve to fifteen
cells per mouse from four mice per diet were examined to obtain a total of forty-eight to fifty-seven observations). *Mean value was significantly different from that

of the MO control diet (P<0-05). MO, maize oil diet; FO, fish oil diet.

approximating fish oil supplementation. It should be noted
that the other highly bioactive n-3 PUFA, i.e. EPA, is also pre-
sent in the FO, but not the DHA, diet. Following a 2-week
dietary intervention, T-cell membrane fatty acids were signifi-
cantly enriched with 7-3 PUFA. By comparing fatty acid
profiles of the experimental diets (Table 1) and purified
CD4* T-cells (Table 2), it was noted that the profound differ-
ence in the amount of linoleic acid in the diets did not affect
the small pool of linoleic acid in CD4" T-cells. However, the
membrane content of AA, a metabolite of linoleic acid and
a precursor to pro-inflammatory eicosanoids, was decreased
in the DHA group, indicative of an alternative pathway by
which DHA controls inflammatory responses. As expected,
n-3 PUFA such as ALA, EPA, docosapentaenoic acid and
DHA were enriched in CD4™ T-cells following the consump-
tion of the FO diet. In contrast, DHA deposition following
DHASCO® (DHA only) feeding was greater than that in the
CD4" T-cells of mice fed the FO diet. Consequently, the
total amounts of 7-3 PUFA in CD4" T-cells from mice fed
the FO and DHA diets were not significantly different, even
though EPA was enriched only in the cells from the FO dietary
group. Since the different dietary sources of 7-3 PUFA resulted
in unique cellular 7-3:72-6 ratios, we further tested the effect of
n-3 PUFA on CD4" T-cell function.

We have reported previously that CD4" T-cells from fat-1
transgenic mice, which were enriched endogenously with
n-3 PUFA, exhibited enhanced lipid raft formation at the
1S¥, We now report that the same effect was obtained by
altering the lipid composition of the diet to include either
FO or DHA (Fig. 1(A)), thus demonstrating both the robust-
ness of the n-3 PUFA effect and its relevance for assessing
the impact of dietary supplementation with 7-3 PUFA. With
regard to the magnitude of the diet-induced changes in GP
values, Kaiser ef al.* have reported that the difference in
GP values between liquid-ordered large unilamellar vesicles
and a mixed large unilamellar vesicles was approximately

0-1 (comparing liquid-ordered and liquid-disordered mem-
brane states). In addition, incubation of Jurkat cells with a
2:1 ratio of cholesterol:7-ketocholesterol resulted in a change
in the GP value of approximately 0-12, with a corresponding
40% decrease in IL-2 secretion when compared with control
cells"*?. These data suggest that small changes in GP values
are biologically relevant, i.e. associated with perturbations in
cell function.

A further investigation of the effects of the diets on GP
values at the IS revealed that DHA affected the liquid order
at the IS differently with respect to the combination of EPA
and DHA provided in the FO diet (Fig. 1(B)). Specifically,
the fold increase of the GP values at the IS relative to the
whole cell was significantly different in FO-fed mice, but not
in DHA-fed group, when compared with the MO control.
This difference between the FO and DHA diets may be attrib-
uted to the higher levels of 7-3 PUFA in the FO diet when
compared with the DHA diet (Table 1). In this regard, Williams
et al*" demonstrated that both DHA and EPA can be incor-
porated into lipid rafts, though the avidity of DHA was as
twice as that of EPA.

The elevated GP ratio at the IS was previously reported to be
linked to the suppression of T-cell signalling®®. In the present
study, we demonstrated that the co-localisation of PKC8 with
GM1 at the IS (Fig. 2(A)) was suppressed comparably by the
FO and DHA diets (Fig. 2(B)), indicating an effect of dietary
n-3 PUFA on the formation of liquid-ordered mesodomains
and subsequent localisation of signalling proteins. Indeed, Hou
et al.® recently reported that DHA inhibited actin remodelling
in T-cells, resulting in a suppression of signalling cascades.

In conclusion, we demonstrated that 7-3 PUFA from distinct
dietary sources (FO v. DHA) can be integrated into antigen-
activated CD4" T-cells, resulting in the modulation of plasma
membrane liquid order and PKC6 translocation to the IS. The
previously unappreciated effect of EPA, which was present
only in the FO diet, will be pursued in future studies.
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