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SUMMARY 

Subacute encephalomyelitis (SAME) in Lewis rats following infection 
with a neurotropic measles virus (MV) is associated with a cell
mediated autoimmune response (CMAI) to myelin basic protein (MBP) 
and proteolipid apoprotein (PLP). Grown in vitro the autoreactive T 
cell lines are CD4+, class II MHC-restricted, and the MBP-specific T 
cell lines are encephalitogenic when adoptively transferred into 
naive recipients. MBP-selected CD4+ T cell lines both from measles 
infected animals as well as from rats with experimental allergic 
encephalomyelitis (EAE), as a consequence of challenge with MBP, 
shared the same antigenic specificity. Our data indicate that MV in
fection of the central nervous system (CNS) enhances the suscep
tibility of the CNS to autoimmune T cell aggression. 

INTRODUCTION 

Autoimmunity has been observed in acute and chronic viral infections 
both with RNA and DNA viruses in animal and man (Notkins and Old
stone 1984). Autoantibodies only occur temporarily in the course of 
such viral infections, are usually of low titer and probably not 
involved in the development of a disease process since these antibo
dies disappear when the causative viral agent is cleared by the host 
defence mechanisms. In contrast to this, little is known about cell
mediated immune responses against autoantigens (CMAI). CMAI which 
may persist longer has been detected in meningo-encephalitides which 
occasionally follow acute viral infections or vaccination with 
measles virus (MV), varicella zoster, rubella, influenza, mumps and 
rabies viruses (Lisak et al. 1974; Johnson et al. 1984; Hemachudha 
et al. 1987). These diseases present neuropathologically as dissemi
nated encephalomyelitides with perivascular demyelination. The ob
served demyelinating process is, however, not due to direct injury, 
for example, lytic infection of oligodendrocytes, but rather, is 
mediated by some form of hypersensitivity (Johnson 1982). Although 
there is little direct evidence to suggest this view and the patho
logic role of a CMAr is largely unknown in these conditions, it is 
nevertheless clear that clinical disease and neuropathological chan
ges may be mediated by autoantigen-specific immune reactions such as 
is seen following the adoptive transfer of MBP-specific CD4+ T cells 
and subsequent induction of EAE in rats and mice (Zamvil et al. 
1985; Sedgwick et al. 1987). 
The acute post infectious measlesencephalitis (APME) is still of 
great medical importance as it affects one in 3000 patients with 
acute measles and is fatal in about 20 % of cases (Johnson 1982). MV 
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cannot usually be recovered from infected brain material and 
attempts to demonstrate viral antigens in the brain lesions have 
failed (Gendelman et al. 1984). In 47 % of patients the peripheral 
lymphocytes were shown to proliferate in vitro in the presence of 
MBP (Johnson et al. 1984). These findings provide circumstantial 
evidence for CMAI pathologically linked to APME. Since positive 
proof for an existing immune-mediated process in this disease and in 
other chronic inflammatory CNS diseases such as multiple sclerosis 
is missing (Hallpike et al. 1983), it is important to study the 
aspect of MV-induced autoimmunity in an experimental animal model. 
Recently, we have observed that the intracerebral MV infection of 
Lewis rats leads to acute and subacute disease processes of the CNS 
(Liebert and ter Meulen 1987). Moreover, animals developing a sub
acute measles encephalomyelitis (SAME) contain T cells primed for 
MaP or PLP. MBP-specific CD4+ T cell lines may be isolated capable 
of adoptively transferring EAE into naive syngeneic recipients 
(Liebert et al. 1988). These cell lines exhibit the same specificity 
and have an identical function as the encephalitogenic MBP-specific 
T cell lines derived from rats with EAE. Our results indicate that 
MV infection of the CNS may lead to the generation and/or expansion 
of encephalitogenic MBP-specific CD4+ lymphocytes. This process may 
contribute to a virus-induced immunopathological process within the 
CNS. 

RESULTS 

Subacute Measles Encephalomyelitis 
The intracerebral inoculation of weanling Lewis rats (Zentral
institut fur Versuchstiere, Hannover, West-Germany) with the neuro
adapted CAM/RBH strain of MV (Liebert and ter Meulen 1987) lead to 
the occurrence of a fatal acute encephalitis in more than 75 % of 
infected animals. About 50 % of those rats which survived the 
infection developed SAME after incubation periods ranging from 3.5 
to 12 'weeks following the intracerebral infection. The disease was 
characterized by weight loss, unsteadiness, ataxia with abnormal 
posturing of the limps and paresis. Approximately 20 % of the 
diseased rats died during the course of this monophasic disease and 
no relapses have been observed in survivors. The neuropathological 
changes of the SAME animals consisted of extensive perivascular 
infiltrations of mononuclear cells of the gray and white matter of 
the brain hemispheres, midbrain and upper spinal cord. Infectious 
virus could not be isolated from. brain material, and the immuno
histologic investigation revealed decreasing numbers of infected 
cells as the incubation period prolonged beyond 4-5 weeks. 
Furthermore, a progressive reduction of infected cells expressing 
the viral envelope proteins, M, F, and H, was seen (Tab. 1). The 
molecular biological characterisation of the MV replication in the 
SAME brain revealed, as the basis for these findings, transcrip
tional and translational restriction of the MV envelope gene 
expression (Schneider-Schaulies et al. 1989). Animals which were 
killed at various intervals after recovery from clinical disease'had 
neuropathologically either persisting inflammatory lesions or 
residual changes typical of a previo,us encephalitic attack in the 
absence of immunohistologically demonstrable viral antigen, As 
controls, rats were mockinfected with rat brain homogenate contai
ning no MV antigens. No clinical disease or histological lesions 
were observed in the mockinfected animals, 
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Tab. 1. Expression of MV structural proteins in brain cells of 

MV infected Lewis ratsa . 

disease days number number of relative expression of 

type p.i. analyzed infected MV structural proteins 

brain cells N P M F H 

AE 6-14 6 550 100 96 29 16 26 

16-20 4 250 100 98 24 12 12 

SAME 26-38 5 106 100 93 2 3 2 

SAME 58-86 4 51 100 85 0 1 1 

SAME 56,75, 

113,158 4 0 0 0 0 0 0 

a. Double-lable immunofluorescence with monoclonal antibodies was 

done as decribed (Liebert and ter Meulen 1987) . 

Determination of Cellular Immune Reaction 
The discrepancy of persisting mononuclear cell infiltration and 
absence of viral antigen and RNA within the sensitivity of the tests 
employed, directed us to investigate the cellular immune reaction of 
rats with SAME (Liebert et al. 1988). Single spleen cell suspensions 
were cultured in the p~esence of a panel of antigens or mitogen and 
the lymphoproliferation was measured by the uptake of (3H)-thymid
ine. As summarized in Tab. 2 and Fig. 1 the in vitro proliferative 
response of spleen cells to MBP and PLP was significantly elevated 
in ill SAME rats and in animals which had recovered from clinical 
disease but still had histologically active encephalitis. Although 
the observed stimulation indices (SI) for MBP are low in SAME when 
compared to those animals with EAE the mean SI is still higher than 
that of the controls not exposed to MBP or PLP. However, in the 
rats which had recovered from SAME and histologically had no signs 
of an active encephalitis, no significant in vitro proliferation to 
MBP was observed. Furthermore, positive proliferation to MBP in the 
various control groups was only seen in rats in which EAE was acti
vely induced. Moreover, all measles-infected or immunized rats ex
hibited a significant proliferative response to MV independent of 
clincial and neuropathological status. In the control groups which 
had not been exposed to the virus no proliferative response to MV 
could be detected. In no rat of the different control groups was a 
significant proliferation to the various glycolipids, including gal
actocerebroside, gangliosides, sphingo- or phospholipids, detected. 
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Tab. 2. Proliferative response of spleen lymphocytes from Lewis rats 

disease number [3Hl thymidine incorporation* 

type analyzed medium ConA MV MBP PLP VC PPD 

SAMEa 25 952 73.9 3.8 2.4 1.9 1.0 0.9 

ex-SAMEb 26 991 73.1 3.8 0.9 1.1 1.0 1.1 

EAEc 6 1378 44.8 0.6 9.4 1.4 1.6 3.9 

mockd 12 1094 59.7 0.9 1.0 1.1 1.2 0.9 

MV/CFAe 6 1328 44.3 6.6 1.0 0.8 1.5 1.0 

*[3Hl-uptake in c.p.m. is shown as baseline when no antigen is added 
to the cultures; in the other colums the lymphoproliferative 
response is expressed as a stimulation index representing the ratio 
of the [3Hl-uptake in stimulated to unstimulated cells; 
a: rats with histologically active encephalitis during or after 
recovery from clinical disease; b: 3 or more weeks after clinical 
disease, but no active encephalitis; c: EAE was induced by s.c. 
immunization with 100 ~g of MBP and 100 ~g mycobycterium tuber
culosis in 100 ~l of complete Freund's adjuvant (CFA) 11-14 days 
prior to removal of draining lymph nodes; d: mockinfection was done 
by intracerebral injection of rat brain homogenate containing no MV; 
e: rats were immunized with 100 ~g purified MV in 100 MI CFA. 

Fig. 1. 
Proliferative response of polyclonal splenic lymphocyte cultures 
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In vitro and in vivo Studies with T Cell Idnes 
T cell lines with specificity for MBP or MY could be established 
from rats with SAME (Liebert et al. 1988). All cell lines were 
antigen-specific and exhibited no cross-reactivity with inappro
priate antigens (Fig. 2). The phenotype of the lines was CD4+, CD8-
as determined by FACS analysis. In blocking experiments it could be 
shown that all T cell lines investigated regardless of their anti
gen-specificity were predominantly of the class II MHC-restricted 
subset (Fig. 3). 
To investigate the possible pathological effects of the T cell lines 
in vivo, freshly activated T cell lines of MV or MBP-specificity 
were adoptively transferred into naive recipients via the tail vein. 
Each of the MBP-specific T cell lines was effective and induced 
clinical disease and histological lesions typical for EAE within 4 
to 5 days post-cell transfer (Tab.3). In contrast to this, the MV
specific T cell lines induced neither clinical nor histological 
abnormalities in naive recipient rats (data not shown). Animals 
having received T cell lines were killed and the CNS was examined 
for neuropathological changes and for evidence of MV replication. No 
viral antigen or infectious virus could be detected in the brain 
tissue of recipients of T cell lines. The neuropathological lesions 
induced by transfer of MBP-specific T cell lines were located in the 
lower spinal cord and thus clearly different than in the measles 
encephalitis. 

Tab. 3. Adoptive transfer of MBP-specific T cell lines SAME3 

dose mean incidence of EAE 

xl0 6 clinical score clinical histological 

1 0 0/4 1/4 

2 1.0 2/4 3/4 

5 2.0 4/4 4/4 

10 2.7 3/3 3/3 

20 3.0 3/3 3/3 

Freshly activated T cell lines were injected via the tail vein into 
8 week-old naive syngeneic recipients. Clinical disease started at 
day 3 post transfer, histology was performed 1-4 days later. 

DISCUSSION 

MY-infection of Lewis rats leads to the development of SAME, that 
occurs on the basis of a persistent MY infection of the CNS. Ev~n 
after the virus has disappeared from the brain, histological changes 
of an acute encephalitis may persist, and immunological features of 
SAME resemble those observed in EAE. From rats with SAME, MBP and 
PLP-specific T- lymphocytes can be isolated. MBP-specific T cell 
lines proved in adoptive transfer experiments to be encephalitogenic 
in naive syngeneic recipients. The clinical disease and the neuro-
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Fig. 2. Specificity of MBP-specific T cell lines 
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A typical pattern of the LPR of the MBP-specific T cell line from a 

rat with SAME is shown. 

Fig. 3. Characterisation of MBP-specific T cell lines 
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The MHC-restriction and the surface phenotype of antigen-specific T 

cell lines was tested in blocking experiments in which monoclonal 

antibodies specific for the MHC-gene products or for CD4/CD8 molecu

les were added to antigen presenting cells 15-30 min prior to addi
tion of antigen and T cell lines. As example the results of the MBP

specific T cell line as in Fig. 2. are shown. The reduction of the 

MBP-specific uptake of [3Hl thymidine was recorded and expressed in 

relation to the maximal uptake without monoclonal antibodies. 
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pathological changes observed after the transfer of MBP-specific T 
cell lines are not mediated by transfer of contaminating MY for two 
reasons. First, MV could not be reisolated from or viral antigen 
detected in T cell lines and brain tissue of recipient rats. Second, 
clinical disease or neuropathological lesions were not detected in 
normal syngeneic recipients following transfer of MV-specific T cell 
lines or polyclonal lymphocytes either incubated with MY in vitro, 
or directly isolated from the brain of infected rats without in 
vitro restimulation. 
The antigenic specificity of MBP-specific T cell lines is supported 
by the failure of all these lines to proliferate in the presence of 
MV particles, MV antigens and other control antigens or peptide 
sequences. Vice versa, MV-specific T cell lines only respond to MY 
proteins but not when MBP or other brain antigens were added to the 
cultures. 
The antigenic specificity of T cell lines for MBP together with the 
lack of responses to viral antigens suggests that MY particles do 
not apparently directly contribute antigenic sequences for the de
velopment of MBP-responses. While sequence homologies have been 
found between the Nand C proteins of MV and human MBP (Jahnke et 
al. 1985), direct immunization of Lewis rats with inactivated MV 
fails to induce EAE-like activity or the expansion of autoreactive 
MBP-specific T cells probably because pathologically relevant homo
logous sequences between MBP and MV do not exist (data not shown). 
MBP-specific T-cells have also been detected in Lewis rats infected 
with the murine coronavirus of JHM strain that develop a demyelina
ting encephalomyelitis (Watanabe et al. 1983). 
The observation that viral infections may enhance the susceptibility 
to EAE has been made in other studies showing that a preceding MY 
infection potentiates the development and severity of EAE in guinea 
pigs (Massanari et al. 1979) or that a Semliki Forest virus infec
tion helps to induce EAE in resistent B6 mice (Mokhtarian and Swove
land 1987). To explain this phenomenon several possibilities exist: 
It is conceivable that virus-induced damage to CNS tissue facilita
tes the subsequent priming or clonal expansion of pre-existing 
myelin-reactive T cells for example, via the induction of MHC class 
II on astrocytes (Massa et al. 1987) and efficient presentation of 
neural antigen by these cells (Fontana et al. 1984; Sun and Wekerle 
1986). Additionally, in measles viral inf,ection, alterations in the 
surface of infected cells occur potentially resulting in the expo
sure of cellular components together with the viral envelope pro
teins. Such exposure taking place in infected brain cells may lead 
to the development of CMAI against MBP (and PLP) that usually are 
not detectable in non-infected rats. Moreover, changes in the inte
grity of the blood-bra in-barrier as a consequence of a viral infec
tion of the brain may facilitate the entry of antigen-specific CD4+ 
T cells to the CNS. Obviously, the development of virus-induced 
autoimmune reactions against CNS tissue depends on several factors 
which have to be analyzed before one may fully understand how a 
virus infection leads to immune pathological reactions. 
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