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The spleen is required for the suppression of experimental
allergic encephalomyelitis by prostaglandin precursors
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SUMMARY

In this paper we report a study of the effects of splenectomy on the immunosuppressive action
of essential fatty acids (EFA) which is thought to be mediated through prostaglandins (PG)
produced in the spleen. Experimental allergic encephalomyelitis (EAE) was induced in normal,
splenectomized and sham splenectomized Lewis rats. EFA were administered orally, the animals
in the control groups being treated with liquid paraffin. Treatment with EFA significantly
suppressed clinical disease in those animals in which EAE was induced by the inoculation of
central nervous system material of guinea-pigs or by passive transfer by Con A-stimulated spleen
cells. Splenectomy abrogated the suppressive effect of EFA. This observation, together with
previous results showing the abrogation of EFA immunosuppression by an inhibitor of the
biosynthesis of PG from EFA, led us to postulate a close relationship between EFA, PG and a
splenic factor suppressing immunopathological mechanisms in EAE.

INTRODUCTION

Experimental allergic encephalomyelitis (EAE) is a widely accepted model of organ-specific cell-mediated
autoimmune disease. Inoculation into animals of susceptible strains of either central nervous system
(CNS) tissue or CNS myelin basic protein, emulsified in an adjuvant, causes well-defined histopatho-
logical changes in the CNS that are responsible for a range of characteristic clinical symptoms (Bornstein,
1977; Paterson, 1977). Induction of the disease is T lymphocyte-dependent, and its passive transfer
from diseased animals to histocompatible normal recipients can only be achieved with the help of
lymphocytes, but not by serum (Paterson, 1977). Acute EAE is a monophasic disease resembling the
acute attacks of a human CNS disease, multiple sclerosis (MS). In the mechanisms underlying the
remission of acute EAE attacks, suppressor cells from the thymus, migrating to spleen and lymph nodes
(Adda, Beraud & Depieds, 1977), seem to be of crucial importance and it has been argued that such
suppressor activity may also determine the clinical course ofMS (Arnason & Antel, 1978). The relapsing
variant of EAE, in which clinical relapses and remissions as well as plaques of demyelination in the
CNS are observed, has made it possible to draw the parallel between EAE and MS somewhat closer
(McFarlin, Blank & Kibler, 1974; Wisniewski & Keith, 1977; Raine & Traugott, 1978). First observa-
tions of fluctuations in lymphocyte subpopulations in relation to the clinical course of this EAE variant
have recently been reported (Traugott, Stone & Raine, 1978).

Essential fatty acids (EFA) of theco-6 family, i.e. linoleic acid and its derivatives, are precursors of
prostaglandins whose importance for various regulatory systems, including immunoregulation, has
become increasingly evident (Pelus & Strausser, 1977). EFA have been shown to influence cell-mediated
immune reactions (Mertin & Hughes, 1975; Mihas, Gibson & Hirschowitz, 1975; Mertin, 1976; Mertin
& Hunt, 1976; Weyman et al., 1977; Santiago-Delpin & Szepsenwol, 1977; Meade & Mertin, 1978).
In studies on EAE, fewer guinea-pigs and rats in the EFA-treated groups showed clinical signs of disease.
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There were also less extensive histopathological changes in the CNS of the animals of these groups when
compared with animals from liquid paraffin-treated control groups (Meade et al., 1978; Mertin &
Stackpoole, 1978; Mertin, 1979). Furthermore, lymph node cells from EFA-treated guinea-pigs showed
significantly less sensitization to myelin basic protein than their controls, as measured by the macrophage
gold uptake test (Meade et al., 1978). This suppression of EAE was observed when the animals were
treated with EFA from the seventh to the twenty-first day after antigen inoculation, whereas animals
treated at the time of sensitization showed only slight suppression. Therefore, it appeared that treat-
ment with EFA might preferably interfere with the effector phase rather than with the process of in-
duction of the immune response in EAE. To examine this question further we have now studied the
effect of EFA treatment on EAE induced by passive transfer with Con A-stimulated spleen cells. Recent
experiments have indicated that EFA-derived prostaglandins (PG) are responsible for the immunosup-
pressive effects of EFA in EAE (Mertin & Stackpoole, 1978). Indomethacin is known to inhibit the
biosynthesis ofPG from EFA (Vane, 1976) and treatment with this drug completely abrogated suppression
of EAE by EFA. As the spleen is considered to be a major site for the production and release of im-
munologically active PG (Osheroff, Webb & Paulsrud, 1975; Webb & Osheroff, 1976), we have also
investigated the effect of splenectomy on EAE and its suppression by EFA.

MATERIALS AND METHODS

Animals. Lewis rats were obtained from our own breeding colony. In all experiments the animals in control and treated
groups were age- and sex-matched at the time of antigen inoculation. This was usually performed when the animals were
11 weeks of age. The rats received a standard diet for rodents (Spratts Laboratory Diet 1, Spillers Limited) and water
ad libitum.

Induction ofEAE. Brain stem and spinal cord were removed from adult Duncan-Hartley guinea-pigs, homogenized in an
equal amount (w/v) of a balanced salt solution and lyophilized. The dry material was stored at - 20'C. For the sensitization,
one part of lyophilised material, reconstituted with three parts water, was emulsified in an equal volume of Freunds' complete
adjuvant (Difco) and this emulsion was injected into all four foot pads of the animals. The total inoculum for each animal
was about 200 mg/kg body weight ofCNS material. Under this regimen of sensitization all control animals developed clinical
signs of EAE, but deaths attributable to EAE were very rare.

Passive transfer ofEAE. Passive transfer of EAE was performed according to the modification by Panitch & McFarlin
(1977). Spleen cells from diseased animals were stimulated by Con A and, after a culture period of 72 hr, 20-30 x 106 viable
cells were injected intravenously into normal Lewis rats.

Splenectomy. Rats were splenectomised (Sx) at 4 weeks of age. The animals were anaesthestised with a barbiturate and the
spleen was withdrawn through a dorso-lateral incision and removed by cauterization. The control animals were sham operated
(sham Sx). The incisions were closed by autoclips. CNS antigen was inoculated when these animals were 11 weeks old.

Treatment. EFA were administered orally (with the help of a pipette) in form of a plant oil containing 73% linoleic acid
and about 8% of the linoleic acid derivative y-linolenic acid (Naudicelle, BIO Oils, Nantwich). The mean daily EFA dose
was 500 mg/kg body weight and the period of treatment was from day 7 to day 21 after antigen inoculation, unless otherwise
stated. This treatment regimen has previously been shown to significantly suppress EAE in Lewis rats both clinically and
in the extent of histopathological changes in the CNS (Mertin, 1979). Animals in the control groups underwent the same
handling but liquid paraffin was substituted for EFA. In the cell transfer experiments treatment was commenced on the day
of cell injection and continued for 14 days.

Assessment of clinical EAE. The severity of the disease was assessed by a clinical scoring system (Mertin & Stackpoole,
1978) ranging from score 0 (= no clinical signs of EAE) to score 8 (= death due to EAE). The animals were weighed and
clinically scored each day (at the same time), starting from the day of antigen inoculation. Loss of body weight due to EAE
can be considered a crude but objective measure of disease activity and correlated in our experiments well with the clinical
scores (Fig. 1). In order to demonstrate the clinical course of the disease, the daily clinical scores of individual animals in a

group were summed.
Statistical analysis of the results. The differences between the number of animals in the groups showing signs of disease

(score 1 and above) were analysed by the x2 test. Differences in the clinical scores were determined with a non-parametric
test (Wilcoxon sum of rank test) and all animals, including those with score 0, were ranked.
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FIG. 1. Change in the body weight due to disease and clinical score per group in the course of EAE in Lewis
rats. Animals were treated with essential fatty acid (EFA, e-e, n = 36) or with liquid paraffin (control,
o-0, n = 36). The arrows indicate the start and discontinuation of treatment.
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FIG. 2. The effect of treatment with essential fatty acids (EFA) on clinical EAE incidence (i.e. number of
animals per group developing clinical signs) in splenectomized (Sx) and sham-splenectomized Lewis rats. The
figure represents the identical, pooled results of two separate experiments. The differences between the sham
EFA groups and all other groups were significant (P< 0.001). (----) Sham control, n = 24; (..... ) sham/
EFA, n = 24; ( ) Sx control, n = 24; and (---) Sx/EFA, n = 24.
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FIG. 3. The effect of treatment with essential fatty acids (EFA) on the clinical score per group during the
course ofEAE in splenectomized Lewis rats (Sx) and their sham-splenectomized controls. The figure represents
the pooled results of two separate experiments. At the height of the disease the differences between the sham/
EFA group and the other groups were significant (P< 0-001). The differences between the sham control
group and the Sx groups were also significant (P< 0.01). (o-o) Sham control, n = 24; (0-0) sham/EFA, n
= 24; (Ei-z) Sx control, n = 24; and (u-u) Sx/EFA, n = 24.

RES ULTS

Treatment with EFA significantly reduced clinical disease in the sham Sx animals (Figs 2, 3 & 4),
confirming our previous results in Lewis rats (Mertin & Stackpoole, 1978). Only 5000 of the animals in
the EFA-treated sham Sx groups developed clinical signs of EAE (Fig. 2) and the sums of the clinical
scores per group were correspondingly low throughout the course of the disease (Fig. 3).
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FIG. 4. The effect of treatment with essential fatty acids (EFA) on the changes in body weight in splenecto-
mised (Sx) and sham-splenectomized Lewis rats during the clinical course of EAE. (o-o) Sham control,
n = 24; ( 0-) sham/ EFA, n = 24; ([o-Eo) Sx/control, n = 24; and (W--) Sx/EFA, n = 24.
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FIG. 5. The effect of treatment with essential fatty acids (EFA) on disease prevalence (i.e. number of animals
showing clinical signs of EAE on any one day during the period of the experiment) in the course of EAE
induced by passive transfer. Transfer of EAE was achieved by i.v. injection of Con A-stimulated spleen cells
from diseased animals into normal recipients. The figure represents the pooled results of two separate experi-
ments. In the EFA-treated rats one animal in each group showed shortlasting signs of EAE. ( ) Control,
n=lO;(.....)EFA,n= 10.

As judged by the clinical signs ofEAE, EFA-treated animals were almost completely protected against
the EAE-inducing effect of Con A-stimulated spleen cells from sensitized rats (Fig. 5). In two separate
experiments, only one out of six animals and one out of four animals, respectively, showed mild signs of
disease, lasting only for a short period of time. In the paraffin-treated control groups, however, all
animals (six out of six and four out of four, respectively) developed clinical signs which prevailed for a
longer period of time, and in both experiments one of the control animals died from EAE.
The suppressive effect ofEFA was abrogated by splenectomy (Fig. 2). The first signs ofEAE appeared

earlier and clinical severity of the disease was significantly greater in the Sx groups than in the sham Sx
groups and this was independent of whether or not the animals were receiving EFA treatment (Fig. 3).
The overall loss of body weight in the groups almost mirrored the picture of the clinical course as shown
by the scores (Fig. 4).

DISCUSSION

In this study we have shown that EAE can be suppressed by treatment of the animals with EFA. Our
results are in agreement with earlier observations suggesting that treatment with subcutaneously or
orally administered EFA can cause immunosuppression. The mechanism by which EFA affect the
function of immune competent cells is unknown. Various possible explanations have been discussed in a
recent review by Meade & Mertin (1978) and one of these was the suggestion that the EFA effects were
mediated by PG (Mertin, 1976). In a previous publication we provided evidence supporting this
hypothesis, EFA-induced suppression of EAE being abrogated in our experiments by indomethacin,
an inhibitor of the biosynthesis ofPG from EFA (Mertin & Stackpoole, 1978). In mice, treatment with
EFA of the co-6 family causes-besides other effects on CMI-a significant decrease in the weight of
the thymus gland (Meade & Mertin, 1976). This effect can also be abrogated by indomethacin (Meade,
1979). There are also findings linking PG with the pathological process in EAE:McIlhenny et al. (1978)
and Davison (1978) observed a deterioration of the clinical course ofEAE when the animals were treated
with inhibitors of the PG biosynthesis.

Immunosuppression by treatment with EFA appeared mainly to affect the effector phase of the CMI
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response (Meade et al., 1978). Our observation that EFA treatment greatly protected the animals from
EAE induced by passive transfer provides further evidence for this assumption.

Splenectomy has been found to abolish the suppressive effect of EFA on EAE and, furthermore, to
cause an increase in the clinical severity ofthe disease. The latter finding is consistent with the observation
by Paterson & Didakow (1961) that lymph node cells from splenectomized rats have an enhanced ability
to transfer EAE. The spleen is known to be a major site for the production of immunologically active
PG (Osheroff et al., 1975; Webb & Osheroff, 1976). Thus, our observations add further evidence in
support of the above hypothesis and allow us to postulate a close relationship between EFA, PG and a
splenic factor suppressing immunopathological mechanisms in EAE. Results of several investigations
have implicated the spleen as being a major source of suppressor cell activity (Jacobson et al., 1972;
Sampson et al., 1976; Coons & Goldberg, 1978; Moorhead, 1978). Adda et al. (1977) have demonstrated
that suppressing cells migrating from the thymus to the spleen exercise protection against EAE induction
in Lewis rats. Webb & Nowowiewski (1978) have shown that stimulated splenic T lymphocytes react
not only by proliferation but also by releasing PG which in turn acts as a trigger for suppressor cells to
release suppressor factor. Provision ofPG precursors or PG itself may enhance this process, leading to a
more effective suppression of the immune response. This could explain the suppressive effect of EFA
treatment on various CMI reactions (Mertin, 1976; Meade & Mertin, 1978), and also observations such
as the suppression of autoimmune disease in NZB/NZW mice by PG administration.

In MS, changes in suppressor cell activity may contribute to the occurrence of relapses and remissions.
Supplementation of the diet with EFA has a beneficial effect in patients with a relapsing-remitting course
of the disease (Mertin & Meade, 1977). In two double-blind trials amelioration of the clinical severity
of relapses was observed (Millar et al., 1973; Bates et al., 1978). From our experiences with EFA treat-
ment in EAE, it seems likely that this therapeutic effect in MS may be brought about by EFA-induced
enhancement of suppressor activity. Here, too, PG may play a role, and the observation that clinical
symptoms worsened in MS patients treated with indomethacin (Rudge, personal communication)
supports this view. We are aware of the fallacies of such extrapolations but hope that our results and their
possible implications might stress the necessity for further research into the role of PG and their pre-
cursors in the pathogenesis of MS.
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