
Autoimmune Encephalomyelitis: Activation of Thymus 

Lymphocytes against Syngeneic Brain Antigens in vitro 

Abstract. Thymus lymphocytes of normal adult rats were autosensitized in vitro 
against soluble antigens extracted from the brains of syngeneic rats. Injection of 
the autosensitized lymphocytes into syngeneic rats led to the development of brain 
lesions suggestive of autoimmune encephalomyelitis. Injection of control lympho- 
cytes or the antigen extract alone did not cause lesions. Since sensitization in vitro 
requires the presence of lymphocytes programmed with specific receptors, the 
results indicate that normal rats have lymphocytes capable of recognizing central 
nervous system self-antigens. Hence, regulatory mechanisms, inoperative in vitro, 
probably function in vivo to prevent immune activation of self-recognizing lym- 
phocytes and autoimmunity. This concept suggests a new approach to exploring 
the pathogenesis of autoimmune diseases. 

Autoimmune diseases are caused by 
an attack of the immune system against 
the body's own constituents (self-anti- 
gens). Clinically, many autoimmune 
diseases appear to involve damage to 
specific organs or tissues such as the 
thyroid gland in Hashimoto's thyroiditis 
(1), the skeletal muscles in polymyo- 
sitis (2), or the mucosa of the large 
bowel in ulcerative colitis (3). Although 
autoantibodies reactive with specific 
self-antigens are often demonstrable in 
these diseases, clinical and experimental 
evidence indicates the immune damage 
may be mediated by autoreactive thy- 
mus-derived (T) lymphocytes rather 
than by autoantibodies (1-3). 

Allergic encephalomyelitis is an ex- 
perimental model of an autoimmune 
disease in which the target is the cen- 
tral nervous system (4, 5). This disease 
can be produced in rats, guinea pigs, or 
monkeys by injecting animals with an 
antigen extracted from the central 
nervous system together with adjuvant 
materials such as complete Freund's 
adjuvant. The active encephalitogenic 
antigen has been identified as basic pro- 
tein, a positively charged protein nor- 
mally found in the myelin sheath that 
insulates the axons of the central ner- 
vous system (6, 7). The autoimmune 
reaction to basic protein results in a 
demyelinating encephalitis characterized 
by lymphocytic infiltration and inflam- 
mation of the central nervous system, 
which may progress to clinical paralysis 
and death. The disease appears to be 
mediated by the T lymphocyte system, 
since it can be passively transferred to 
normal animals by immune lympho- 
cytes but not by serum antibodies (4, 5, 
8). In fact, specific antibodies may ac- 
tually protect against the disease, 
presumably by binding to basic protein 
and inhibiting the access of autoreac- 
tive T lymphocytes (4, 5, 9). 

The human counterpart of experi- 
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mental allergic encephalomyelitis ap- 
pears to be postvaccinal encephalomye- 
litis, a rare complication of vaccination 
with rabies virus grown on central 
nervous system tissues (10). Potentially 
more important, although more tenuous, 
is the suggestion that a similar auto- 
immune process may underlie some 
cases of the demyelinating disease mul- 
tiple sclerosis (10). 

The immune system is normally tol- 
erant of self-antigens. Therefore, auto- 
reactive lymphocytes must develop be- 
cause of some defect in the physiologic 
mechanisms which function to ensure 
self-tolerance. Hence, the nature of self- 

Pig. 1. Lesions of encephalomyelitis in the 
medulla of a Lewis rat. The blood vessels, 
in cross section, are surrounded by a 
heavy infiltrate of lymphocytes. These 
lesions were produced by lymphocytes 
sensitized against syngeneic central ner- 
vous system antigen in vitro (Table 1, 
group 1). Similar lesions were produced 
by active immunization in vivo with anti- 
gen and adjuvant (19). 

tolerance is an important considera- 
tion in understanding autoimmunity. 

Burnet proposed that lymphocytes 
potentially reactive with self-antigens 
are eliminated during a critical period 
in the ontogeny of the immune system 
(11). The process of elimination or 
irreversible inactivation was thought to 
be triggered by contact between self- 
antigens and immature lymphocytes that 
carry complementary membrane-bound 
receptors. Hence, the self-antigens 
themselves select against lymphocytes 
capable of self-recognition. Burnet pos- 
tulated that only after maturation are 
lymphocytes activated rather than killed 
by contact with antigen. However, no 
"forbidden clones" of potentially self- 
reactive lymphocytes normally survive 
the period of elimination, and the ani- 
mal is immunologically tolerant of its 
self-antigens. 

According to this elimination theory, 
autoimmune diseases are caused either 
by somatic mutation of lymphocytes into 
self-reactive cells or by changes in self- 
antigens so that they are recognized by 
receptors of mature lymphocytes (11). 
Experimental allergic encephalomyelitis, 
postvaccinal encephalomyelitis, and pos- 
sible other demyelinating conditions 
were thought to result from exposure 
of mature lymphocytes to antigens that 
are normally sequestered within the 
central nervous system (12). It was sup- 
posed that basic protein is not accessible 
to lymphocytes during their critical pe- 
riod of development and, therefore, 
potentially reactive lymphocytes escape 
elimination. However, it is difficult to 
imagine that basic protein or other 
actively turned-over substances are com- 
pletely sequestered for the lifetime of 
a normal individual (4). Other theories 
suggest that the appearance of organ- 
specific autoreactive lymphocytes is re- 
lated to immunization against antigens 
that cross-react with self-antigens (13) 
or to intense proliferation of lympho- 
cytes stimulated by adjuvants (4). 

The notion of elimination of forbid- 
den clones of lymphocytes, however, 
was recently challenged by the results 
of studies in this laboratory. We found 
that the thymus, spleen, and lymph 
nodes of normal adult rodents are pop- 
ulated with lymphocytes that can rec- 
ognize syngeneic fibroblasts or synge- 
neic or autochthonous thymus reticulum 
cells in vitro (14-16). Recognition of 
these self-antigens led to immune ac- 
tivation of the lymphocytes and to the 
development of specific autoreactive ef- 
fector lymphocytes either in vitro or 
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in vivo. Activation of potentially self- 
recognizing lymphocytes appeared to 
be prevented in the intact animal by 
the presence of factors in the serum 
(15, 16). These factors behaved as 
self-antigens in a soluble, nonimmuno- 
genic form. They appeared to combine 
with specific lymphocyte receptors and 
to block them from being activated by 
immunogenic forms of the same self- 
antigens. These findings suggest that 
tolerance to some self-antigens on fibro- 
blasts or reticulum cells is based on the 
regulation of recognition rather than on 
the elimination of lymphocytes. 

These observations suggest that true 
tissue-specific autoimmunity might also 
be based on the immune activation of 
existent potentially self-recognizing 
lymphocytes, rather than on the ap- 
pearance of new forbidden clones. We 
now report the results of experiments 
designed to ascertain whether lympho- 
cytes that recognize central nervous 
system antigens exist and can be ac- 
tivated. Our general approach was to 
culture rat lymphocytes with central 
nervous system antigens in vitro, inject 
the lymphocytes intravenously into 
syngeneic rats, and observe the rats for 
evidence of encephalomyelitis. The ap- 
pearance of tissue-specific autoimmuni- 
ty would indicate the preexistence of 
lymphocytes capable of recognizing and 
reacting against self-antigens. 

We used lymphocytes obtained from 
the thymus glands of normal adult 
male Lewis rats (17) to exclude as 
much as possible contamination with 
thymus-independent B lymphocytes. 
The central nervous system antigen was 
extracted in phosphate-buffered saline, 
pH 7.2, from the cerebellums and 
spinal cords of syngeneic Lewis rats 
(18). The encephalitogenicity of the 

antigen was proved by its ability to 
cause paralysis and histologic lesions 
diagnostic of experimental encephalo- 
myelitis 11 to 21 days after injection 
with adjuvant into Lewis rats (19). 
Autosensitization against the central 
nervous system antigen was induced by 
incubating thymus lymphocytes with 
the test antigen in Dulbecco's mod- 
ification of Eagle's medium without 
serum or adjuvants added, as described 
(20). The cultures contained a feeder 
monolayer of syngeneic fibroblasts (16) 
to facilitate autosensitization (Table 
I ). Lesions consisting of perivascular 
infiltration of lymphocytes and break- 
down of myelin (Fig. 1) were found 
only in the groups of rats that received 
thymus lymphocytes cultured with cen- 
tral nervous system antigen for 18 
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hours at 37?C (Table 1, group 1). 
These lesions were prominent in the 
cerebellum and medulla, but were also 
found in the spinal cord. Control 
groups consisted of rats injected with 
lymphocytes that were cultured with 
antigen under conditions of time and 
temperature not sufficient for active 
sensitization. We found in earlier stud- 
ies that about 6 hours of culture at 
37?C is necessary for the induction 
of sensitization in vitro of thymus 
lymphocytes (16). Thus, groups 2 and 
3 (Table 1) which were injected with 
lymphocytes exposed to antigen at 
4?C, or 37?C for only 1 hour, failed 
to show central nervous system lesions. 
Indeed, injection of medium containing 
free antigen that had been incubated 
with lymphocytes also failed to sensi- 
tize the recipient rats (group 4). In 
addition, thymus lymphocytes cultured 
with syngeneic fibroblasts without 
added antigen did not produce en- 
cephalomyelitis (group 5). All rats 
were injected intravenously with per- 
tussis vaccine. The negative results of 
the control groups argue against the 
possibilities that the central nervous 
system extract was modified by lym- 
phocyte enzymes or other means to be- 
come immunogenic in vivo for Lewis 
rats, either by itself or passively ad- 

Tablo 1. Encephalomyelitis produced by Lewis 
thymus lymphocytes sensitized against syn- 
geneic central nervous system antigen in 
vitro. Suspensions of thymus lymphocytes 
were obtained by pressing thymus glands of 
Lewis rats (6 to 8 weeks old) through a 
fine wire mesh. The lymphocytes (10s in 10 
ml) were cultured in Eagle's medium without 
serum for 1 or 18 hours at 37? or 4?C on 
monolayers of Lewis fibroblasts (16). Cen- 
tral nervous system antigen (3 mg of antigen 
protein per 10s lymphocytes) was added to 
groups 1 to 3. The lymphocytes were col- 
lected, washed (three times) in phosphate-buf- 
fered saline (PBS) by centrifugation, and in- 
jected intravenously into male Lewis rats. 
Each rat received 550 X 106 lymphocytes in 
3 ml of PBS. The rats in group 4 were in- 
jected with 3 ml of the cell-free medium 
removed from group 1. All the recipient rats 
were injected intravenously with 0.1 ml of 
the pertussis vaccine (19) at the same time 
that they received test lymphocytes or culture 
medium. After 10 days, the brains of the 
recipient rats were fixed in formalin, and 
sections were stained with luxol fast green. 
The slides were coded and examined for evi- 
dence of perivascular cuffing of lympho- 
cytes (Fig. 1) or degeneration of myelin (24). 

Sensitization Diseased/ Group culture normal rats 

1 37?C, 18 hours 5/6 
2 4?C, 18 hours 0/17 
3 37?C, 1 hour 0/11 
4 Cell-free medium 

of group 1 0/19 
5 37?C, 18 hours, 

no antigen 0/3 

sorbed onto the injected lymphocytes, 
or that culture of lymphocytes in vitro 
led to a nonspecific artifact. Therefore, 
we may conclude that the lesions were 
mediated by thymus lymphocytes sen- 
sitized in vitro specifically against syn- 
geneic central nervous system antigen. 

Sensitization in vitro was done in 
the absence of adjuvants, in a closed 
system in which there was no entry of 
stem cells from without, and in which 
spontaneous cell replication was unlike- 
ly during an 18-hour period. We have 
found that primary sensitization in 
such in vitro systems depends upon the 
preexistence of lymphocytes with spe- 
cific receptors for the sensitizing anti- 
gens (15, 16). Recognition of specific 
antigen induces sensitization of these 
lymphocytes, which begin to prolifer- 
ate after about 72 hours (21). There- 
fore, successful sensitization against 
syngeneic central nervous system anti- 
gen in vitro indicates that competent 
lymphocytes exist which bear receptors 
for this antigen in mature rats. Further- 
more, these lymphocytes, once they are 
triggered in vitro, produce inflamma- 
tory lesions in the central nervous sys- 
tem, either by themselves or by re- 
cruiting specific effector lymphocytes 
(20). 

The central nervous system antigen 
used in these studies was not purified. 
Hence we cannot be certain that the 
active immunogen was basic protein 
until further investigation of this im- 
munogen is completed. Nevertheless, 
our evidence supports the conclusion 
that lymphocytes recognize and are ac- 
tivated against central nervous system 
antigen. 

These results are in conflict with the 
notion that tolerance to self-antigen 
must be based on elimination of self- 
reactive lymphocytes (11, 12). How- 
ever, they are compatible with our 
earlier observation that lymphocytes 
exist with receptors for self-antigens 
on fibroblasts or thymus reticulum cells 
(14-16, 20). Indeed, normal as well 
as immune lymphocytes were observed 
to bind basic protein antigen, presum- 
ably by way of antibody-like receptors 
(22). Hence, tolerance to central ner- 
vous system antigen as well as to syn- 
geneic fibroblasts or reticulum cells 
must depend on mechanisms which 
regulate the immune activation of po- 
tentially self-recognizing lymphocytes 
in vivo (15, 16). 

The nature of these mechanisms are 
unknown. However, the results of stud- 
ies of the regulation of autosensitiza- 
tion against syngeneic fibroblasts sug- 
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gest that a soluble, nonimmunogenic 
form of self-antigen might have a role. 
Such a nonimmunogenic self-antigen 
could produce tolerance by occupying 
specific lymphocyte receptors and pre- 
venting their activation by immuno- 
genic self-antigen. Tolerance to basic 
protein would, therefore, depend upon 
a balance between the concentration of 
the immunogenic and nonimmunogenic 
forms of the antigen. This concept is 
supported by the finding of Teitelbaum 
and co-workers that allergic encephalo- 
myelitis can be suppressed, or even 
cured, by injecting animals with a low- 
molecular-weight basic copolymer of 
amino acids (7). The copolymer was 
observed to cross-react with lympho- 
cytes previously sensitized to enceph- 
alitogenic basic protein (23). Hence it 
is conceivable that the copolymer sup- 
presses encephalomyelitis by binding to 
specific lymphocyte receptors and pre- 
venting recognition of immunogenic 
basic protein. Our findings implicating 
nonimmunogenic self-antigen in the 
regulation of autosensitization against 
fibroblast antigens (15, 16) would sug- 
gest that a nonimmunogenic fragment 
of basic protein may exist in vivo and 
prevent activation of lymphocytes ca- 
pable of recognizing immunogenic basic 
protein. 
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mg/kg died rapidly and two so injected 
did not, although the latter two ex- 
hibited rapid respiration and gasping 45 
seconds after the injection; three ani- 
mals injected with 0.7 mg/kg did not 
die but showed rapid respiration; of five 
animals injected with 0.5 mg/kg, four 
survived and showed no gross toxic 
effects, while one died in 2 minutes. 
Five of those rabbits that had survived 
doses lower than 1.4 mg/kg were chal- 
lenged with 1.4 mg/kg on a later date 
and all died within 2 minutes. None of 
eight controls (5) showed any of the 
signs observed in the rabbits injected 
with arachidonic acid. An approximate 
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Table 1. Prevention of gross toxic and lethal effects of arachidonic acid by aspirin: response 
of rabbit to intravenous injection of sodium arachidonate (1.4 mg/kg). 

Time after intraperitoneal administration of aspirin or vehicle 
Rabbit 

2 hours 1 day 2 days 3 days 4 days 7 to 9 days 

No. 1* Death in 
(control, 2 min 

no aspirin) 

No. 2 No effect No effect Death in 
2 min 

No. 3 No effect Rapid res- Rapid res- Death in 
piration piration 2 min 
at 1 min at 2 min 
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Arachidonic Acid Causes Sudden Death in Rabbits 

Abstract. Injection of sodium arachidonate (1.4 milligrams per kilogram) into 
the marginal ear veins of rabbits caused death within 3 minutes. Histological ex- 
amination showed platelet thrombi in the microvasculature of the lungs. Rabbits 
were protected from the lethal effects of arachidonic acid by pretreatment with 
aspirin. Fatty acids closely related to arachidonic acid did not cause death. 

Arachidonic Acid Causes Sudden Death in Rabbits 

Abstract. Injection of sodium arachidonate (1.4 milligrams per kilogram) into 
the marginal ear veins of rabbits caused death within 3 minutes. Histological ex- 
amination showed platelet thrombi in the microvasculature of the lungs. Rabbits 
were protected from the lethal effects of arachidonic acid by pretreatment with 
aspirin. Fatty acids closely related to arachidonic acid did not cause death. 


	Cit r106_c127: 


