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Our studies warth lupus-prone INZBxNZW)F, (B/W) female mace have indicated that dietary o-3 lipids (menhaden 
oil) significantly extend the /ife span and delay the onset of autoimmune disease, while w-6 lipids (corn oil) 
shorten the life span by accelerating the onset and progressron of autoimmune disease, probably by altering the 
cell and subcellular membrane faq acid composition. To understand the mechanisms through which 0-6 
(linoletc acid, 18.2. and arachidonic acid, 20:#) and w-3 (eicosapentanoic acid, 20.-S, anddocosahexanoic acid, 
22:6) lipids exert their difherential effects, we have studied the effects of these fatty acids in vitro on cell 
proltferation, peroxidation, interleukin-2 (IL-2)production. IL-2 mRNA levels, and surface IL-2 receptor (IL-2R) 
expression in un IL-2 producing mouse lymphoma cell line (EL-4.IL-2: EL-4). When EL-4 cells were cultured in 
the presence of individual w-6 and w-3 fatty acids (at a final concentration of 10 FglmL), the respectivefatty acid 
was found to incorporate into the cells at a significant level, and no adverse effects were noted either on the 
viability of the cells or on rhe de novo DNA synthesis. In addition. lipid peroxidation, as measured by the 
generation ofthiobarbituric acid-reactivje substances, was significantly higher (P < 0.05) in cells incubated with 
20:4w-6 as compared with control cells (to which no fatty acid was added). Also, 20:4w-6 significantly inhibited 
(P < 0.05) IL-2 production when compared with other fatty ucids. Northern blot analysis revealed that this 
inhibition in IL-2 production by 20:4w-6 was at the gene level, as seen by an inhibition in phorbol-12-myristate- 
13-acetate induced IL-2 mRNA levels by 20:40-6. Compared with saturated fatty acids, both w-6 and w-3 lipids 
induced higher IL-2R sut$ace expression. as seen by flow cytometry. These studies suggest that dietary w-3 lipids 
lovver membrane lipid pet-oxidation. and thereby may preserve normal immunological functions that may delay 
the course of autoimmune disease in BiW mice. (J. Nutr. Biochem. 6:467473, 1995.) 

Keywords: w-6 fatty acids: W-. 3 fatty acids. proliferative response. lipid peroxidation, IL-2 levels: IL-2 mRNA; IL-2R 
expression; EL-4 

Part of this work was presented at the Federation of Experimental Biolo- 
gists meeting in New Orleans, Louisiana in 1993. 
*Present address: Nutrition Program, School of Health Related Profes- 
sions, State University of New York at Buffalo. Buffalo, NY 14214. USA. 
Address reprint requests to Gabriel Fernandes, Ph.D., Department of Med- 
icine/Clinical Immunology. The Umversity of Texas Health Science Cen- 
ter, 7703 Floyd Curl Drive, San Antonio, TX 78284-7874, USA. 
Received June 20. 1994: revised November 22, 1994; accepted March 23. 
1995. 

Introduction 

Dietary w-3 lipids, as compared with w-6 lipids, delay the 
onset of autoimmune disease and prolong the survival of 
autoimmune lupus-prone NZW and (NZBxNZW)F, (B/W) 
mice by maintaining an improved immune surveillance. I-3 
Splenocytes from B/W mice fed o-3 lipids exhibit a higher 
proliferative response to antigens and superantigens, have 
altered cytokine expression, and express certain oncogenes 
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at a lower level as compared with mice fed an w-6 lipid-rich 
diet .435 The spleen cells of 6.5-month-old B/W mice receiv- 
ing a diet enriched with w-3 lipids (fish oil; FO) exhibited 
significantly higher proliferative response and produced 
higher levels of interleukin-2 (IL-2) when compared with 
mice fed similar levels of w-6 lipids (corn oil; CO). 

Omega-3 and w-6 fatty acids mediate specific effects on 
immune functions in vivo as well as in an in vitro system by 
modulating membrane fatty acid composition and thereby 
further altering the lipid turnover, membrane fluidity, per- 
meability, cell surface receptor-&and interactions,&13 and 
activity of several membrane-bound and cytosolic en- 
zymes. 1’-‘3 Fatty acids also serve as precursors of such 
biologically active substances as prostaglandins and leuko- 
trienes, which in turn influence cellular metabolism and 
function’“‘6. Some of these fatty acids may enhance sus- 
ceptibility of subcellular membranes to oxidative stress in 
an immune-compromised host and may lead to several 
pathological conditions. “. ” 

Omega-3 lipids are generally known to decrease the lev- 
els of proinflammatory cytokines (IL- 1, IL-6, tumor necro- 
sis factor (Y [TNFa], etc.) and increase anti-inflammatory 
cytokines (e.g., IL-2) in mice.“.’ In an earlier communica- 
tion, we had reported the effects of w-6 and w-3 fatty acids 
on the proliferation, IL-2 production, and thiobarbituric 
acid reaction products (TBARS) generation of EL-4 cells.‘” 
Since T-cell functions are regulated mainly by IL-2 and 
IL-2R levels,12 and cytokine imbalance is one of the con- 
tributing factors in autoimmune diseases and cancers, we 
have investigated the effects of individual w-6 and w-3 fatty 
acids on fatty acid composition, lipid peroxidation, and 
functional characteristics, such as proliferative response, 
IL-2 production, IL-2 mRNA expression. and IL-2 receptor 
levels in a mouse lymphoma cell line (EL-4.IL-2). 

Methods and materials 

Cell lines 

EL-4.IL-2 (EL-4) and IL-2 dependent cytotoxic T-cells (CTLL-21 
were obtained from American Type Culture Collection (ATCC. 
Rockville. MD USA). The EL-4 cell line is derived from C57BLi6 
mice and is a subline of EL-4 (ATCC TIB 39) cells. EL-4 cells 
produce IL-2 when stimulated with phorbol- 12.myristate- I3- 
acetate (PMA) (20 ng/mL) and the IL-2 is biologically indi\tin- 
guishable from normal spleen cell derived IL-2 I(’ 

Reagents 

Dulbecco’s modified Eagle‘s medium IDMEM) was obtalned 
from GibcoBRL (Grand Island. NY USA). Fatty acid esters. 
borontrifluoride-methanol, PMA. and MTT (3-(4,s.dimethyl- 
thiozol-2-yl]-2,5-diphenyl-tetrazolium bromide) were obtained 
from Sigma Chemical C. (St. Louis. MO USA). Thymidine. 
[methyl-3H] ([‘HI-TdR: 6.7 Ci/mmol) was obtained from Neu 
England Nuclear (Wilmington, DE USA), [a-“‘P)dCTP (3000 Ci 
mmol) from Amersham (Arlington Heights. IL USA). and recom- 
binant mouse IL-2 (rmIL-2) from Pharmingen (San Diego, CA 
USA). 

Culturing conditions 

EL-4 cells were grown in DMEM supplemented with glucose (4.5 
g/L), penicillin. streptomycin. and heat-inactivated horse serum at 

IO%, in 25 cm* tissue culture flasks in 5% CO,:95% air in a 
humidified atmosphere. Fatty acid esters were dissolved in ethanol 
and stored at - 8O”C, with working dilutions prepared in medium 
just before use. Cells were seeded at I x IO6 cells/ml, individual 
fatty acid (30 to 34 p.M) and 20 ng/mL, of PMA, and the cells 
were then grown in DMEM with 1% serum. 

Lipid extraction and fatry acid analyses 

Cultured cells were washed twice with cold PBS, the cell pellet 
was resuspended in I mL of PBS and transferred to glass tubes 
with Teflon lined screw caps; lipids were extracted with 5 mL of 
chloroform-methanol (2:l, volivol). The lower phase was re- 
moved, washed once with water, dried under a stream of nitrogen, 
and resuspended in I mL of hexane. Fatty acid methyl esters were 
obtained by transesterification with I.5 mL of borontrifluoride- 
methanol reagent (90°C. 2 hr). One milliliter of water was then 
added. the mixture was vortexed. and the top clear layer contain- 
ing methyl esters was removed.*’ After solvent evaporation by a 
stream of nitrogen, the lipids were resuspended in a small volume 
of hexane and analyzed on a Perkin Elmer-8420 gas chromato- 
graph employing a fused silica capillary column (DB-225: 30 m X 
0.25 mm; J & W Scientific, Folsom, CA USA), as described.*’ 
Chromatographic conditions were: column oven temperature, 
205°C; injection port temperature, 250°C; flame ionization detec- 
tor. 250°C; and carrier gas helium at 0.9 mL/min. A fatty acid 
ester standard (Nu-Check-Prep: Elysian, MN USA) was utilized 
for peak identification. 

Proliferation assa) 

EL-4 cells were cultured at I X IO4 cells/O.2 mL of DMEM with 
5% serum. The cells were grown either in the presence or absence 
(control) of individual fatty acids (IO pg/mL) for 24, 48, and 72 
hr. The wells were pulse labeled with 0.5 FCi of [3H]TdR for the 
last 4 hr and harvested onto filter paper. [‘H]TdR incorporation 
was determined in a beta scintillation counter,23 and the results 
from triplicate wells were expressed as mean 5 SEM. 

TBARS generation 

In order to assess the extent of lipid peroxidation, generation of 
TBARS was carried out by the thiobarbituric acid (TBA) assayz4 
with slight modification. After incubation with selected fatty acid, 
the cells were washed twice with PBS and resuspended in 1 mL of 
PBS. One milliliter of 0.67% thiobarbituric acid reagent and 0. I 
mL of 100% trichloroacetic acid were added to the cell suspension 
in screw-capped glass tubes. The tubes were heated for 20 min in 
a boiling water bath then cooled by immersion in ice. After cen- 
trifugation for I5 min at I.200 ‘pm, the absorbance of the super- 
natant containing MDA-thiobarbituric complexes was measured at 
535 nm. Malondialdehyde tetramethyl acetal (Aldrich Chemical 
Company Inc., Milwaukee, WI USA) was used as a reference 
standard. 

IL-2 production 

EL-4 cells were grown in the presence of individual fatty acids. 
Culture supematants were harvested 24 hr later. These supema- 
tants were frozen, thawed, titrated by serial dilutions, and assayed 
for the presence of IL-2 by their ability to support the proliferation 
of an IL-2 dependent murine cell line, CTLL-2.25 CTLL-2 cells (5 
X IO3 CTLL cells/well) were seeded in triplicate, with or without 
diluting the supematant. Cell proliferation was determined color- 
imetrically utilizing MTT.16 Results were expressed as UimL and 
were determined by comparison with a standard curve generated 
with rmIL-2. 
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RNA isolation and Northern blot analysis 

Total RNA was extracted from the EL-4 cells by the acid guani- 
dinium isothiocyanate-phenol-chloroform extraction procedure.” 
Twenty micrograms of total RNA was separated by horizontal 
electrophoresis in an 0.87~ agarosei2.2 M formaldehyde gel, elec- 
troblotted onto nitrocellulose (Schleicher & Schuell, Keene, NH 
USA), and fixed to the membrane by cross-linking using a Strat- 
agene UV crosslinker- 1800 (Stratagene, La Jolla. CA USA). The 
blots were prehybridized. hybridized, and washed as describedZX 
then incubated with Kodak XAR-5 film with DuPont intensifying 
screens at - 80°C for autoradiography. The human IL-2 cDNA2’ 
used in this study cross-hybridizes vvith mouse IL-2 mRNA (0.70 
kb, Pst I fragment, Oncor. Gaithersburg. MD USA). Glyceralde- 
hyde 3-phosphate dehydrogenase (GAPDH)‘” ( 1 .O kb BumHI-Pst 1 
fragment, ATCC) was used as an internal control. The cDNA 
probes were labeled with [o”P]dCTP by random primer labeling 
kit (Boehringer Mannheim, Indianapolis, IN USA) to a specific 
activity of -0.8 to I .2 X 10’ cpmipg. The intensity of autorad- 
iographic hands was quantified by videoimage analysis using NIH 
Image 1.4 program, and the values were expressed in fold change 
as a ratio of the densitometric value of IL-2 to that of the GAPDH 

Immunojluorescent staining and jlo\v c’!tometQ 

To determine the expression of IL-2R. EL-4 cells cultured with 
and without w-6 and w-3 fatty acids was examined by flow cy- 
tometry3’ using an anti-mouse FlTC-conmgated IL-2R mAh 
(PharMingen, San Diego. CA USA). Cells were washed two time\ 
with 4 mL of phosphate-buffered saline (PBS) with 3% FBS. One 
million cells in 100 I.LL of PBS with 2.5% FBS (PBS-FBS) were 
incubated with 1 pg of antibody at 4°C for 45 min. The cells were 
then washed twice with PBS-FBS and the cell pellet was resus- 
pended in 200 ~.LL of PBS-FCS. fixed in 1% formaldehyde. Data 
analyses were performed by using the FACStar Plus flow cytom- 
eter (Beckton Dickinson, Mountain View. CA USA) using FAC 
Scan software. Dead cells. of any. were excluded by forward and 
side scattering. 

Statistical analysis 

The values are expressed as means z SEM. Statistical analyses of 
the data were carried out using Statview 4.O/Super ANOVA pack- 
age software (Abacus Concepts. Berkeley, CA USA). Fatty acids 
data and data on proliferative response were analyzed using one 
way ANOVA, and the data on IL-2R expression were analyzed bk 
two-way ANOVA. Where a significant F ratio was found (P < 
0.05). Fisher’s PLSD (protected least significant difference) test 
was used to describe differences in the means between group. Data 
on TBARS and IL-2 production were analyzed using Student‘\ 
t-test with Bonfetroni adjustment. and P < 0.05 was considered 
significant.32 

Results 

Fatv acid composition OPEL-4 cells cultured nlith 
individual w-3 and w-6,fatc acids 

The major fatty acids detected in control EL-4 cells were 
18:0, 18:1, and 16:0 with lesser amounts of 18:2w-6, 16: I. 
20:4w-6, and 14:0 with trace amounts of 14:1 and 18:3w-3 
and 24:0 (data not shown). When EL-4 cells were cultured 
with individual fatty acids for 48 hr respective fatty acids 
were found to be incorporated into the cells. Culturing the 
EL-4 cells with either 18:2w-6 or 20:40-6 resulted in a 
significant increase in the 18:2w-6 level in the cells as com- 

pared with control and other groups, while culturing with 
20:40-6 significantly increased the level of 20:4w-6 com- 
pared with other treatments. Culturing the cells in the pres- 
ence of 20:5w-3 resulted in a significant increase in 20:50-3 
and 22:60-3 levels when compared with other groups. With 
22:60-3 supplementation, the level of 20:50-3 was in- 
creased while the 22:6w-3 level was not elevated. 

ViabiliQ and proliferative response 

Since higher concentrations of fatty acids (20 kg/mL) were 
found to be toxic in vitro (especially in case of 20:4w-6; 
data not shown), the present study was carried out at 10 
kg/mL. When EL-4 cells were cultured with individual 
fatty acids there was no significant effect on the viability of 
EL-4 cells as determined by trypan blue dye exclusion (95 
to 110% as compared with control). However, a significant 
decrease in proliferative response, as assessed by [3H]TdR 
incorporation, was observed at 24, 48, and 72 hr in cells 
cultured with 20:4w-6 compared with the other groups (Fig- 
ure 1). .4t 24 and 48 hr, EL-4 cells cultured with 18:20-6 
and 2050-3 did not exhibit any decrease in proliferative 
response when compared with the control group, while 22: 
6w-3 significantly decreased proliferation compared with 
control. 18:2w-6, and 2050-3 groups at 48 and 72 hr. 

TBARS generation 

TBARS generation was measured in order to determine if 
changes in viability or proliferative response of EL-4 cells 
to indicated fatty acids is due to alteration in lipid peroxi- 
dation (TBARS generation in control: 8.52 + 2.5; 18:20-6: 
10.20 c 3.0; 20:4w-6: 17.97 2 3.2; 20:5w-3: 3.84 2 2.5; 
and 22:6w-3: 5.94 + 3.1 nmol/l X lo3 cells). When cells 
were cultured with 20:4w-6, TBARS generation was sig- 
nificantly higher in this group compared with control, 20: 
SW-?. and 22:6w-3 groups. 

IL-2 production 

EL-4 cells were cultured in the presence of individual fatty 
acids and IL-2 levels were measured in cell-free supema- 

300000 

zwnno 

*nnooo 1 

8h 

Figure 1 Time course showing the effect of individual w-6 or w-3 
fatty acids (10 PgimL) on the proliferative response of EL-4 cells. 
Values are mean -’ SEM The data were analyzed by one-way 
ANOVA and means with different superscripts are significantly dif- 
ferent (at P c 0 05) for one time of incubation as revealed by Fish- 
er’s PLSD test 
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tants. A bioassay utilizing an IL-2 responsive CTLL-2 cell 
line was employed. Culturing with 20:4w-6 inhibited sig- 
nificantly IL-2 production, while 22:60-3 significantly in- 
creased IL-2 production as compared with the other groups 
(Figure 2). Culturing cells in the presence of PMA and fatty 
acids increased IL-2 production. but the increase was only 
in the case of PMA + 20:40-6 group compared with 20: 
4w-6 group (P < 0.001). The data also revealed that EL-4 
cells, being an IL-2 producing cell line, can produce IL-2 
with or without PMA stimulation. 

IL-2 mRNA levels 

Because 20:4 o-6 significantly inhibited IL-2 production by 
EL-4 cells, we sought to examine whether the inhibitory 
effect is at the IL-2 gene level. Figure 3 demonstrates the 
effects of 20:40-6 on steady-state IL-2 mRNA levels as 
assessed by Northern blot analysis after stimulation with 
PMA for various time periods. Densitometric analysis of 
the autoradiographic bands is presented at the bottom of 
Figure 3. In control EL-4 cells, IL-2 mRNA levels were 
detected at a low level and remained low even after 48 hr of 
culture. Addition of 20:4w-6 to the culture neither stimu- 
lated nor inhibited IL-2 mRNA. and the levels remained 
similar to those of control (Figure 3). However, PMA sig- 
nificantly elevated IL-2 mRNA expression at 30 hr (IL-21 
GAPDH ratio, PMA: 1.69 2 0.036; control, 0.91 -t 0.039; 
n = 2), and the level remained high even at 48 hr of 
incubation (IL-2/GAPDH ratio 1.88 +- 0.078 for PMA; 
control, 0.89 2 0.016). When 20:40-6 was added in the 
presence of PMA, significant inhibition was noted at 30 hr 
(PMA: 1.69 2 0.036; PMA + 20:4w-6, 0.096 + 0.056) 
and 48 hr (PMA - 1.88 + 0.078: PMA + 20:4w-6, 0.99 
k 0.017), and the levels were similar to those seen in un- 
stimulated control cells. 

Effect of 20.4~6, with and without PMA on the 
fatty acid composition of EL-4 cells cultured for 
24 hr. 

As the results from our previous experiments suggested that 
20:4w-6 exerted inhibitory effect on proliferation. IL-2 pro- 

Figure 2 Effect of w-6 and w-3 fatty acids and PMA on IL-2 pro- 
duction by EL-4 cells after 24 hr of culturtng Values represent the 
mean 2 SEM of three Independent observations Means with differ- 
ent superscripts are slgniflcantly different (at P < 0 05) as revealed 
by Student’s t-test with Bonferronl adjustment 

PMA+ 
Control 20:40-6 PMA 20:4w6 

/ 8 20304818 20304818 ‘XX3048j8 

+ IL-2 
(0.9 kb) 

+ GAPDH 
(1.4 kb) 

Flgure 3 Effects of 20:4~-6 and/or PMA on IL-2 mRNA In EL-4 
cells by Northern blot analysis (a representative autoradiogram was 
shown) Twenty micrograms of total RNA per lane was electropho- 
resed, electroblotted onto nitrocellulose, and flxed by UV irradiation. 
The blot was probed with [cr-32P]dCTP-labeled IL-2 cDNA, stripped, 
and reorobed with [a-32Pl-labeled GAPDH cDNA. mRNA size was 
deterilned in combariso; to the relative mobility of 285 and 1% 
rRNA and to that of the mRNA ladder (0.24 to 9.5 kb, GibcoBRL). 
Densltometrlc analysis (mean ? SEM) of autoradiographic bands 
from two Independent experiments was shown in the bottom Values 
shown are the ratlo of the numbers obtained for IL-2 divided by 
those for GAPDH 

duction, IL-2 mRNA expression, we analyzed the effect of 
culturing EL-4 cells with 20:4w-6, with and without PMA, 
on the level of 20:40-6 in the cells after 24 hr of culturing. 
The effect of 24 hr culturing of EL-4 cells with PMA and 
20:4w-6 as main effecters on the fatty acid composition is 
presented in Table I. Analysis by two-way ANOVA (20: 
4w-6 and PMA as main effecters) revealed significant dif- 
ferences (P < 0.01 to < 0.0001) in all the fatty acids when 
EL-4 cells were cultured with 20:4w-6, while 18:2w-6 and 
20:4w-6 fatty acids showed significant differences in the 
presence of PMA alone. Where a significant F ratio (P < 
0.05) was found, Fisher’s PLSD was used to describe the 
differences in the means between the groups. PMA and 
20:4w-6 did not alter the levels of 14:O and 14: 1. Culturing 
the cells in the presence of 20:4w-6 or 20:4w-6 + PMA 
significantly increased the level of 16:0, 20:4w-6, and 22: 
6w-3 levels and significantly decreased the levels of 16:1, 
18: I, 18:2w-6, and 18:3 as compared with control and PMA 
groups. 

IL-2R leL,els by flow cytometry 

The EL-4 cells were cultured for 24 hr in the presence of 
individual fatty acids, without and with PMA, to determine 
their effects on IL-2R expression. FACS analysis revealed 
that the percentage of IL-2R positive cells was very low 
(2%) when the cells were grown in the presence of saturated 
(16:O and 18:0) fatty acids (Figure 4). When analyzed by 
two-way ANOVA, significant main effects were found with 
fatty acids and PMA (P < 0.0001). Where a significant (P 
< 0.05) F ratio was found, Fisher’s PLSD was used to 
describe the differences in the means between the groups. 
Culturing with 18:2w-6 caused a marginal but significant 
increase in the number of IL-2R positive cells while cell 
cultured with 20:4w-6, 20:5w-3, and 22:6w-3 resulted in a 
highly significant increase in IL-2R positive cells. Addition 
of PMA alone increased significantly the number of IL-2R 
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Table 1 Effect of 20 4~6 supplementation (with or wlthout PMA) on fatty acid cornposItion of EL-4 cells cultured for 24 hr 

Fatty acids Control 

Level of 
significance 

Fatty acid or PMA added to cell culture (Main effects) 

20 40-6 PMA PMA + 20.4~6 20.4~6 PMA 

14:o 
14.1 
16.0 
16 1 
18.0 
18.1 
18:2w-6 
18:3 
20:4w-6 
22:6w-3 

2 45 2 0 445 
193-to19ad 
168 2 045- 
378~010~~ 

23 55 2 0 43a 
33 97 -t 1 oo" 

154 -t 046tC 
066 L 0 13O 
1 46 -+ 0 18'- 

NDb 

(Fatty acid composltlon of cells percent of total) 

2 79 I 0 07= 2 52 + 0 Ola 297+015DC 
1 57 + 0 37D" 1 92 f 0 32'=- 137 + OOlb 
23 8 z 0 23' 1647 + 124- 2231 2061" 
189~017" 3 93 T 0 50"" 2 24 2 0 07" 

23 32 2 0 09" 24 57 2. 0 07' 22.56 i 0 17" 
19 :9 _c 0 89" 31 59 f 0 97‘ 19.85 2 0 05a 
1313~058~ 16 79 f 024'" 13.28 -t 0 4a 

046 z 001" 065 + 001" 0.51 ? 001” 
1032 r 056d 156+-013= 11 44 T 0 2!Y 

3 56 or 0 70" NDb 3.48 2 0.09" 

NS : 
NS 

* NS 
NS : 
NS 

: NS 
t 

NS 
i t 
* NS 

EL-4 cells were cultured for 24 hr at 37°C In the presence of 20 4~6 (at a flnal concentration of 10 FgimL), with or wlthout PMA (20 ng/mL) 
Values are the mean ? SEM of three Independent experrments Data were analyzed by two-way ANOVA with 20:4w-6 and PMA as main 
effecters with significance at tf’ < 0 01 and tP c 0 001 Means with two different superscrlpts in the same row are slgniflcantly different at P 
< 0 05 as revealed by Fisher’s PLSD test 

positive cells, and with the exception of 20:4w-6, all the 
other unsaturated fatty acids tested acted in synergy with 
PMA in inducing IL-2R expression (Figure 4). However. 
saturated fatty acids did not synergize with PMA in induc- 
ing IL-2R expression (Figure 4). 

Discussion 

Specific dietary lipid interventions delay autoimmune dis- 
eases and the incidence and severity of certain types of 
cancers.33-35 We and others have indicated earlier that w-3 
lipid-rich FO dramatically extends the life span and delays 

the onset of autoimmune disease in B/W mice, while w-6 
lipid-rich CO shortens the life span and accelerates the dis- 
ease.5*36 We have previously reported that dietar lipids 
alter IL-2 and PGE, production by spleen cells.‘O. ’ In an 

attempt to understand further the mechanisms of action of 
o-3 lipids on immune functions, we investigated the effects 
of individual w-6 and w-3 fatty acids in an in vitro system 
utilizing IL-2 secreting EL-4 cell line. 

Culturing EL-4 cells in the presence of individual fatty 
acids significantly increased the respective level of fatty 
acid in the cells with the exception of 20:60-3; this indi- 
cated that it is possible to alter the fatty acid composition 01 
EL-4 cells by adding specific fatty acid to the culture me- 
dium. Since higher concentrations of certain fatty acids had 
toxic effects on the cells (data not presented), all experi- 
ments reported in the present study were carried out at a 
concentration of 10 FgimL. At this concentration, the cells 
appeared healthy and their viability was similar to that of 
control cells (>95% by trypan blue dye exclusion). When 
EL-4 cells were cultured for 48 hr, 18:2w-6 increased 
[3H]TdR incorporation, and 20:4w-6 and 22:60-3 decreased 
[3H]TdR incorporation into the cells as compared with the 
control, indicating the differential effects of polyunsatu- 
rated fatty acids on cell proliferation. It has been suggested 
that fatty acid metabolism, intracellular lipid second mes- 

sengers (including eicosanoids), and antioxidant status con- 
tribute to the regulation of cell proliferation.37 

Addition of 20:4w-6 to EL-4 cells significantly de- 
creased IL-2 production as compared with control. Peroxi- 
dation, as measured by TBARS generation, was signifi- 
cantly higher in cells cultured with 20:4w-6 as compared 
with the other fatty acids, suggesting that lipid peroxidation 
may modulate IL-2 production. 20:4w-6 was reported ear- 
lier to inhibit IL-2 production in a dose-dependent manner, 
and incubation of cells with fatty acids not associated with 
PG precursors did not affect mitogen-induced IL-2 produc- 
tion by peripheral mononuclear cells.38 Omega-6 fatty acids 
may also inhibit IL-2 production through secondary medi- 
ators such as lipoxygenase pathway products. IL-2 produc- 
tion can be reduced markedly by small changes in cellular 

Figure 4 Effects of w-6 and 0-3 fatty acids, with and wlthout PMA, 
on IL-2 receptor expression in EL-4 cells, as determined by flow 
cytometry Values are mean + SEM of three independent experi- 
ments Analysis by two-way ANOVA revealed significant main ef- 
fects with fatty acids and PMA (P < 0 0001) The superscripts indi- 
cate the effects of fatty acids on IL-2 receptors and means with 
different superscripts are significantly different at P < 0.05 as re- 
vealed bv Fisher’s PLSD test 
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fatty acids, suggesting that minimal alteration of dietary 
essential fatty acids may have marked effects on immune 
responses. 39 Another very interesting observation emerging 
from the present study is the indication that the surface 
expression of IL-2R was higher in EL-4 cells treated with 
w-6 and w-3 fatty acids compared with cells treated with 
saturated fatty acids. This may be another possible way 
through which certain fatty acids may be able to exert their 
specific action on the immune functions. Although 20:4w-6 
was able to inhibit IL-2 protein levels and mRNA expres- 
sion, IL-2R expression was considerably higher, as com- 
pared with control. 

The immunoregulatory role of fatty acids and PCs can be 
very crucial in the pathogenesis of diseases associated with 
persistent T-cell activation, such as autoimmune or inflam- 
matory disorders. For instance, PGE, produced by macro- 
phages can activate PGE, receptor positive lymphocytes to 
stimulate suppressor T cells”’ and can promote the secretion 
of soluble suppressor factors that are known to cause im- 
mune suppression.” Similar mechanisms might alter the 
ability of the fatty acids to influence a normal T-cell func- 
tion in producing IL-2. 

In addition to lowering proinflammatory cytokines, w-3 
lipids may also exert a protective action by preventing ex- 
cess production and utilization of IL-2 in immune cells and 
may decrease TBARS generation.’ Although results from in 
vitro studies need to be interpreted cautiously, it may be 
possible to conclude from the present studies on EL-4 cells 
that excess 20:4w-6 incorporation in the absence of w-3 
lipids has deleterious effects on autoimmune disease as a 
result of increasing susceptibility to lipid peroxidation. 
thereby lowering the IL-2 production, IL-2 mRNA. and 
IL-2R expression. This finding is compatible with results 
from our laboratory and others which indicate that w-6 fatty 
acids solely derived from vegetable oils accelerate autoim- 
mune renal disease4244 and increase the incidence of breast 
cancer45 and sepsis in experimental animal models.” 

The results of the present study suggest that one of the 
mechanisms of protective action of w-3 lipids in autoim- 
mune diseases may be exerted through preserving IL-2 pro- 
duction. IL-2 mRNA levels and IL-2R density, and by low- 
ering TBARS generation by immune cells. Because ei- 
cosanoids, cytokines. and free radicals are known to 
participate in the pathogenesis of inflammation, w-3 fatty 
acids may delay the onset of inflammation by preserving 
and maintaining the delicate balance between the pro- and 
anti-inflammatory cytokine and lipid mediators. Because 
the data collected in the present study were from EL-4 cells. 
a thymoma cell line, the findings need to be interpreted with 
caution when applying to normal cells. However, our ear- 
lier in vivo studies in B/W mice fed w-6 and w-3 lipids 
indicated that spleen cells of mice fed w-3 lipids exhibit 
higher proliferative response and produce more IL-2 com- 
pared with the group fed w-6 lipids.’ Further work is nec- 
essary to understand the mechanisms by which w-3/w-6 
lipids influence cytokine interactions, cytokine receptor 
functions, and lipid mediators both in normal cells as well 
as in nonautoimmune disease-prone mice and humans, so 
that potential fatty acid-based therapeutic strategies can be 
formulated for the treatment of various autoimmune dis- 
eases and cancer. 
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