
5 Immunopathogenetic Considerations 

Although there are evident differences in the etiology, induction, and probably 
also maintenance between EAE and human inflammatory demyelinating dis
eases, there is a striking similarity between both conditions regarding the structural 
features and the evolution of the lesions in the central nervous system. These si
milarities make possible the conclusion that immunopathological mechanisms 
playa key role in the pathogenesis of human inflammatory demyelinating dis
eases. Thus our knowledge of the pathogenetic mechanisms involved in the ani
mal model may be relevant for the understanding ofthe human diseases. There is a 
large number of original studies and reviews dealing with this topic available (Frick 
1979; Lisak 1980; Wisniewski et al. 1982). For this reason only a few aspects will be 
discussed in the following chapters; these seem to be the most relevant for an un
derstanding of the pathohisto10gy of inflammatory demyelinating lesions. 

5.1 Transfer Studies 

When transfer studies are discussed in human diseases, the main interest is fo
cused upon the induction of the disease in normal recipient animals with a trans
missab1e agent. Several reports have claimed the isolation of virus from MS pa
tients including herpes (Gudnadottir et al. 1964), parainfluenza virus (Ter Meulen 
et al. 1972; Field et al. 1972), "multiple sclerosis associated agent" (Carp et al. 
1972), measles (Pertschuk et al. 1976), "bone marrow agent" (Mitchell et al. 1979), 
cytomegalovirus (chimpanzee agent; Rorke et al. 1979), and corona virus (Burks et 
al. 1979). In all these instances reproduction in other laboratories has either failed 
or has not yet been performed. In addition it is not clear to what extent laboratory 
contaminations playa role in these studies (Sever and Madden 1980). With the 
"chimpanzee agent" (Rorke et al. 1979) a demyelinating disease was induced after 
inoculation in monkeys. As, however, the inoculated material contained brain tis
sue, it cannot be excluded that some kind of experimental allergic encephalomyeli
tis was induced. 

A different approach in transfer studies is the induction of the disease or of ele
ments of the disease immunologically by the use of serum factors or living lymph 
node cells in vitro and in vivo. Many studies have been performed in this respect 
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which give valuable information regarding the pathogenesis of inflammatory de
myelinating lesions in EAE and MS. 

1. Serum-Induced Demyelination In Vitro in EAE. When organotypic myelinated 
CNS tissue cultures are exposed to sera from animals suffering from experimental 
allergic encephalomyelitis induced by whole CNS tissue, white matter, or myelin, 
selective demyelination of the myelinated nerve fibers can be observed in the cul
tures (Bomstein and Appel 1961 ). Furthermore, such sera may also inhibit myeli
nation in cultures, when applied just prior to or during the period of myelination 
(Bomstein and Raine 1970; Seil et al. 1975). Demyelination is a selective process; 
nerve cells and their processes are generally unaffected (Raine and Bomstein 
1970a). Oligodendrocytes are also destroyed, provided the cultures are exposed for 
sufficient time to the demyelinating sera (Raine and Bomstein 1970a). Further
more, some reactive proliferation of astrocytes may be observed together with in
crease in size and fibrillar content (Raine and Bomstein 1970b). 

Immunologically this in vitro demyelinating activity of EAE sera is confined to 
the immunoglobulin fraction, due to antibodies from the IgG as well as IgM class 
(Grundke-Iqbal et al. 1981). The reaction is complement dependent (Appel and 
Bomstein 1964). Inactivation of complement by heating the sera or by preincuba
tion with zymosan abolishes the demyelinating activity. The activity, however, can 
be restored by addition offresh serum as a source of complement (Grundke-Iqbal 
et al. 1981). The immunoglobulin complement interaction seems to be species 
specific (Grundke-Iqbal et al. 1981). 

Decomplemented EAE sera do not induce demyelination in cultures, but pro
duce profound changes of oligodendroglia structure and behavior together with 
marked swelling of myelin sheaths (Raine et al. 1978c; Grundke-Iqbal et al. 1981). 

2. In Vivo Effect of EAE Sera on Myelin. Considering the demyelinating activity 
of EAE sera in vitro, several attempts have been made to induce a similar effect in 
vivo. However, injection of EAE sera into the circulation of normal recipient ani
mals were ineffective (Paterson 1971). This result can be explained by the existen
ce of a blood-brain barrier which allows only a low proportion of immunoglobulins 
to enter the brain under normal conditions (Tourtellotte et al. 1980). Furthermore, 
sera will be diluted after injection in the circulation, and concentrations similar to 
those in in vitro conditions are therefore difficult to obtain. 

Jankovic et al. (1965) and Simon and Simon (1975) injected EAE sera into the 
cerebrospinal fluid of normal recipient animals and described the occurrence of in
flammation and demyelination in the CNS of recipient animals. Similar observa
tions were made by Williams et al. (1980) after injection ofEAE sera directly into 
the white matter. Demyelination in all these studies, however, has not been con
vincingly demonstrated. Saida et al. (1978b, 1979c) observed that sera from EAE 
and EAN animals as well as sera from animals sensitized with galactocerebrosides 
may induce demyelination in normal animals when injected into the sciatic nerve. 
Similarly to in in vitro experiments, demylination was only induced with sera 

97 



which contained complement. The role of macrophages in the pathogenesis of the 
lesions was not elucidated. 

Since all the above-mentioned studies were carried out with sera from animals 
with acute EAE, we recently reinvestigated the question of serum-induced demye
lination in vivo using sera from different stages of chronic relapsing EAE. In this 
study undiluted sera from chronic EAE and control animals were injected in the 
lumbosacral spinal subarachnoid space of normal recipient rats, and the spinal cord 
and roots were investigated 48 h later for demyelination in the central and periphe
ral nervous system (Lassmann et al. 1981c). 

Sera from animals which were sampled during the acute stage of chronic relaps
ing EAE showed no or only minimal demyelinating activity, and no demyelination 
was found with control sera. On the contrary the majority of sera from animals 
sampled during the chronic stage of the disease were able to induce demyelination 
in the central as well as peripheral nervous system of normal recipient animals. 
Thus as a general pattern the appearance of demyelinating activity in the sera corre
lates with the appearance of large demyelinated plaques in the CNS of the donor 
animals. However, a clear-cut correlation between serum-demyelinating activity 
and extent of demyelination in individual donor animals was not present. This was 
especially the case in animals sampled during the late chronic stage of the disease, 
where sera sometimes did not show demyelinating activity in spite of ongoing acti
ve demyelination in the CNS. Also some strongly demyelinating sera were obtai
ned from animals with completely inactive disease in the CNS. This discrepancy 
may be best explained by the fact that the blood-brain barrier is partially repaired in 
the late chronic stage of the disease, and thus parameters measured in the serum 
do not necessarily reflect the events in the CNS. 

The ultrastructural features of demyelination observed in recipient animals fol
lowing injection of EAE sera into the CSF were similar to those observed in the 
CNS and PNS ofthe donor animals. Most frequently vesicular disruption of myelin 
and to a smaller degree myelin stripping was observed. The extent of demyelina
tion in the central versus the peripheral nervous system varied, some sera predomi
nantly demyelinating peripheral and others central myelin or both. There was a sta
tistically significant relationship between the demyelinating activity of chronic 
EAE sera and the presence of antibodies directed against CNS antigens (Lassmann 
et al. 1981e). 

The mechanisms leading to demyelination in recipient animals following injec
tion of EAE sera into the cerebrospinal fluid have not yet been completely resol
ved. When sera from guinea pigs with chronic EAE were injected into the CSF 
of rats (heterologous system), guinea pig complement was required. Decomple
mentation by heat inactivation or with zymosan abolished the demyelinating activ
ity. Activity was restored by addition of fresh guinea pig serum to the inactivated 
EAE serum as a source of complement. On the contrary in a homologous system 
when sera from rats with chronic EAE were injected into rats, complement inacti
vation had no effect on the demyelinating activity. Since also no complement was 
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detectable in the CSF of the recipient animals after injection of EAE or control se
ra, complement seems to play no role in the induction of demyelination in the ho
mologous system (Lassmann et al. 1983). Although definite evidence is not yet 
available, demyelination in the homologous system may be induced in an interac
tion between antibodies and activated macrophages similar to that described by 
Brosnan et al. (1977) as "antibody dependent cell mediated" demyelination. 

3. Induction of Demyelination In Vitro with Lymph Node Cells or Peripheral Blood 
Lymphocytes. Amason et al. (1969) described demyelination in peripheral nerve 
cultures following exposure to cells obtained from lymph nodes or peripheral 
blood derived from animals sensitized for experimental allergic neuritis. Demyeli
nating activity was found by cells from donor animals sampled as early as 4 days af
ter sensitization; the maximum demyelinating activity was observed when donor 
animals were sampled between 6 and 9 days after sensitization. In contrast, sera 
from the same donor animals showed much less demyelinating activity, and the 
highest titers of demyelinating activity in the sera were found later in the course of 
the disease (13-15 days after sensitization). There are, however, several doubts re
garding the interpretation of these findings. Not only cells from animals sensitized 
with PNS antigens but also from some ofthe animals sensitized with kidney homo
genate were able to demyelinate the cultures. Furthermore, the demyelinating ac
tivity was blocked when anti-IgA was added to the cultures. Thus antibodies seem 
to playa role in demyelination also in this system. 

Bomstein and Iwanami (1971) were able to show that lymph node cells from 
animals sensitized with CNS antigens were capable of demyelinating nerve fibers 
in vitro; demyelination, however, was restricted to central myelin. In contrast to 
the results described by Amason et al. (1969), sera from EAE animals when sup
plied with a sufficient amount of complement showed a higher demyelinating ac
tivity than lymph node cells. Furthermore, lymph node cells cultured in isolation 
secreted demyelinating factors into the nutrient medium. 

Yonezawa et al. (1980), by studying the morphological changes in cultures in 
more detail, emphasized another problem in interpretation of the results. These 
authors differentiated between two tissue alterations induced by the presence of 
lymph node cells from EAE and EAN animals in the cultures: 

Cytotoxic alterations were found most frequently and affected not only myelin 
sheaths but also all other tissue elements (axons, nerve cells, and glia). 

The other alteration, the "activated phagocytosis," was specifically directed 
against myelin sheaths; it was less frequently observed and did not require comple
ment. However, direct contact of applied lymph node cells to myelin was not clear
ly demonstrated, and specific myelin destruction was found only when lymph no
de cells were kept in the cultures for more than 2 days. When cultures were ex
posed to purified lymphokines mainly cytotoxic changes were observed instead of 
selective demyelination. 

Therefore, none of these experiments provide definitive evidence that sensi
tized lymphocytes are able to induce selective demyelination in vitro in the absen-
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ce of antibodies. Furthermore, it must be kept in mind that isolated lymph node 
cells contain T- as well as B-lymphocytes and thus may contain a proportion of cells 
producing demyelinating antibodies. 

4. In Vitro Passive Transfer of Acute EAE by Means of Lymphocytes. Experimental 
allergic encephalomyelitis was fIrst successfully transferred in parabiosis experi
ments (Lipton and Freund 1953). It is now well established that this transfer is in
duced by sensitized lymphocytes (Paterson 1960; Astrom and Waksman 1962). 
The intensity oftransferred disease is directly related to the number of transferred 
lymphocytes and to their ability to survive in the host environment (Paterson 1960; 
Astrom and Waksman 1962). Furthermore the severity of the disease in recipient 
animals can be further augmented by selecting the optimal stage of the disease in 
donor animals and by the mode oftransfer. When the blood-brain barrier in recip
ient animals is circumvented by either injection oflymphocytes into the CSF or by 
damaging the brain prior to transfer, lesions develop earlier and are generally more 
severe than after injection of comparable numbers of cells into the circulation of 
normal animals (Astrom and Waksman 1962; Levine 1974). 

Passive transfer oflymph node cells from EAE animals generally leads to a mild 
or clinically silent inflammatory disease of the central nervous system 1-8 days af
ter transfer. In pathohistology perivenous inflammation in the meninges and in 
the CNS parenchyma is the dominant feature. When highernumbers of sensitized 
cells are injected directly into the CSF, larger lesions may be induced, characte
rized by total tissue necrosis with dominant Wallerian type of nerve fIber des
truction (Astrom and Waksman 1962). Selective demyelination, if observed at all, 
is restricted to a few nerve fIbers adjacent to inflammatory cuffs or in the edge 
zones of necrotic lesions. Thus the pathology is in contrast to the typical picture of 
subacute or chronic EAE, where demyelination is the leading aspect of the 
pathology. 

Induction of a chronic demyelinating type of EAE by passive transfer of lym
phocytes has so far not been achieved. Injection of sensitized lymphocytes into 
newborn guinea pigs results in a similar clinical and pathohistological disease pat
tern to that described above and does not induce a chronic disease (Stone et al. 
1968). Passive transfer studies using animals with chronic relapsing EAE as lym
phocyte donors have not been successful. 

5. In Vitro and In Vivo Studies in Multiple Sclerosis. Compared with EAE, a simi
lar demyelinating activity of patients' sera has been observed in multiple sclerosis 
in vitro (Bomstein and Appel 1965). The intensity ofthe demyelinating activity of 
MS sera correlated well with the clinical course of the disease. The more severe the 
clinical course the higher the demyelinating activity of sera observed (Lumsden 
1971). Furthermore, the demyelinating activity of sera seemed to increase at the 
beginning of an exacerbation of the disease and decrease during the remission 
(Lumsden 1971). 

The interpretation of these fIndings, however, is more difficult than interpreta
tion of those obtained in EAE, for several reasons: 
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Not all but only about 80% ofMS sera show demyelinating activity. Furthermore, 
there is some demyelinating activity in 18 %-25 % of sera from patients suffering 
from neurological diseases other than MS. In addition, even some sera from appa
rently healthy control patients may demyelinate organotypic cultures (Bomstein 
and Appel 1965; Hughes and Field 1967; Lumsden 1971). Although the demyeli
nating activity in control sera is less intense than that found in MS patients, the 
overlap between demyelinating activity in MS versus control sera casts doubts 
upon the significance of such a test for the diagnosis of MS. 

There seem to be at least two different factors in MS sera which are responsible 
for demyelination in vitro. One factor appears to be immunoglobulin which in
duces demyelination via activation of the complement system (Grundke-Iqbal and 
Bomstein 1980). This factor is mainly present in patients with acute exacerbations 
of the disease (Dowling et al. 1968; Lumsden 1971; Grundke-Iqbal and Bomstein 
1980). The other factor is less well defined. It is a heat-labile factor, possibly a 
proteolytic enzyme (Grundke-Iqbal and Bomstein 1980). 

In summary, there seem to be two main differences between in vitro demyeli
nating activity of EAE versus MS sera: 
1. The presence of an unspecific demyelinating factor in human sera (not only in 

MS sera but also in some obtained from patients with other neurological diseases 
or control patients). This factor may mask the specific demyelinating activity of 
immunoglobulins directed against myelin components. 

2. The lack of a specific immunoglobulin and complement-related demyelinating 
activity of sera from MS patients with inactive or with typical mild exacerbating 
and remitting chronic disease. This latter point, however, does not seem to be a 
real difference between EAEand MS. Also in chronic relapsing EAE the inciden
ce ofin vivo demyelinating activity of sera decreases with the chronicity of the dis
ease. Thus, also sera from animals with late chronic EAE may show only mild or 
absent demyelinating activity in spite of active demyelination in the eNS. This 
phenomenon may be due to partial repair ofthe blood-brain barrier and compart
mentalization of the immune reaction in the brain. 

Only a few studies are available concerning the transfer of demyelination by 
lymphocytes in multiple sclerosis and its peripheral counterpart idiopathic poly
neuritis Guillian-Barre. Whereas Amason et al. (1969) were not able to induce de
myelination in peripheral nerve cultures with lymphocytes derived from patients 
with polyneuritis, Yonezawa et al. (1980) found qualitatively similar changes in cul
tures exposed to cells derived from experimental animals and patients. Also Lums
den (1971) described transfer of demyelination in organotypic cultures with the 
use of lymphocytes derived from MS patients. However, in all these studies the 
same difficulties in interpretation as already discussed for EAE are valid. 

In spite of the large number of studies dealing with the induction of demyelina
tion in vitro, there are only sporadic reports of comparable studies in vivo. Injection 
of MS sera into the rat sciatic nerve did not induce demyelination of peripheral 
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nerve fibers (Silberberg et al. 1980). On the contrary, sera from patients with the 
Guillain-Barre syndrome were able to induce demyelination in a similar in vivo as
say (Feasby et al. 1980; Cook and Dowling 1981). However, some demyelination 
was noted also with control sera (Cook and Dowling 1981). Moreover other experi
ments with intraneural injections of Guillain-Barre sera did not confirm these stud
ies (Server et al. 1979; Tandon et al. 1980). Therefore, further in vivo studies must 
be performed with sera from different stages of inflammatory polyradiculitis and 
MS and by using central myelin as target. 

6. Transfer Studies with Cerebrospinal Ruid of EAE Animals and MS Patients. 
Both EAE and MS are diseases which primarily affect the central nervous system. 
As already discussed, the immune reaction in both diseases is at least partially com
partmentalized in the CNS. Furthermore, the presence of immunoglobulin-con
taining plasma cells and intrathecal immunoglobulin synthesis has been observed 
(Grundke-Iqbal et al. 1980; Tourtellotte 1970; Esiri 1977; Mehta et al. 1981). It is 
surprising at first that only a few data are available about in vitro and in vivo demye
linating activity of cerebrospinal fluid in these diseases. In EAE this may be ex
plained by the extremely small volumes of CSF which can be obtained from small 
rodents. In MS, demyelinating activity was shown in vitro when concentrated CSF 
or brain extracts were tested (Lamoureaux and Borduas 1966; Hughes and Field 
1967; Kim et al. 1970; Lumsden 1971). Furthermore, there was a good correlation 
between demyelinating activity and IgG content of the CSF and brain extracts 
(Kim et al. 1970). In a more recent study, Tabira et al. (1976) showed myelinotoxic
ity of unconcentrated MS-CSF in the tadpole optic nerve in vivo, which, however, 
did not lead to complete demyelination. Thus it appears that demyelinating activity 
of CSF is lower than that found in the serum ofthe same patients. As there is only a 
limited barrier between the CSF and the CNS tissue, antibodies directed against 
surface antigens of CNS components will be partially or totally removed by the ex
cess of antigen. Thus the majority of immunoglobulin detectable in the CSF is pro
bably not directed against CNS antigens and may represent an epiphenomenon of 
the disease unrelated to the pathogenesis of the lesions. 

5.2 The Possible Role of Autoantigens in the Pathogenesis of 
Inflammatory Demyelinating Lesions 

Cellular and humoral immune reactions against a variety of CNS antigens have 
been described in EAE as well as in MS. These studies have been summarized in 
detail in recent reviews (Caspary 1977; Frick 1979; Alvord et al. 1979; Arnon et al. 
1980; lisak 1980). Even in EAE there is, however, only fragmentary evidence avai
lable on to what extent these immune reactions are actively involved in the patho
genesis of the disease or are secondary to demyelination and liberation of antigen. 
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In EAE it is now well established that myelin basic protein is the main or even 
the sole antigen responsible for the induction of the disease (Kies et al. 1960; Ro
boz Einstein et al. 1962). Proteolipid which as been claimed to be encephalitogenic 
(Waksman 1959) has been found ineffective when highly purified fractions (Agra
wal et al. 1977) were used. More recently an encephalitogenic fraction of myelin 
has been described (Lipophilin, Hashim et al. 1980), which, however, showed 
some cross reactivity with myelin basic protein. 

Although myelin basic protein may induce a perivenous leukoencephalitis in 
experimental animals, it alone does not seem to be an effective antigen for induc
tion of widespread demyelination. In acute EAE induced by MBP, Lampert and 
Kies (1967) showed demyelination in the vicinity of vessels with inflammatory 
cuffs. However, a similar pattern and extent of myelin destruction may also be 
found as an unspecific consequence of delayed hypersensitivity reactions in the 
CNS directed against antigens, unrelated to myelin (Wisniewski and Bloom 1975). 
Induction of chronic EAE with MBPis difficult (Wisniewski et al. 1980a, 1982). Pa
nitch and Ciccone (1981) described a chronic relapsing form of EAE in rats follow
ing sensitization with MBP. Pathohistology in these animals, however, revealed 
chronic leukoencephalitis without the presence of plaque-like demyelination. Si
milar observations have also been made in our own experiments in guinea pigs. On 
the other hand, Alvord (1980) described the occurrence of large demyelinated 
plaques in monkeys, induced by repeated sensitization with MBP. However, the 
extremely low incidence of this finding raises the possibility that other factors than 
MBP were involved in the induction of the lesions. Also Colover (1980) observed 
large demyelinated lesions after MBP sensitization. In these experiments, how
ever, presensitization of the animals with ovalbumin and a synthetic adjuvant was 
necessary. The exact role of these two additional antigens in the pathogenesis of 
the lesions is still unresolved. 

Thus, as far as it is known so far, CNS antigens other than MBP do not seem 
able to induce an autoimmune encephalitis. This is different from observations in 
the peripheral nervous system. A demyelinating polyradiculoneuritis may be in
duced by hyperimmunization with galactocerebrosides (Saida et al. 1979b) and 
gangliosides (Nagai et al. 1976). This difference of susceptibility between the cen
tral and pripheral nervous system seems to be due to the presence of the blood
brain barrier, which is more effective than the blood-nerve barrier (Waksman 
1960a). 

There are some indications that antigens other than MBP may play an additi
onal role in the pathogenesis of inflammatory demyelinating lesions. As already 
discussed, sera from EAE animals may induce demyelination in vitro and also in 
vivo following injection into peripheral nerves or into the cerebrospinal fluid of nor
mal recipient animals. As determined in in vitro experiments, antigens responsible 
for the induction of demyelinating antibodies have been found to be galactocere
broside (Dubois-Dalqu et al. 1970; Saida et al. 1979b) or other chemically less well
defined antigens from myelin (Lebar et al. 1976, 1979) or oligodendroglia (Saida et 
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al. 1977). MBP, myelin-associated glycoprotein, and proteolipid protein have been 
shown to be ineffective (Sell et al. 1968, 1981; Sell and Agrawal 1980). Similarly in 
in vivo models demyelination has been induced by antigalactocerebroside sera 
(Saida et al. 1979a). 

Recently we have been able to induce demyelination in normal recipient ani
mals by injection of antiganglioside serum into the cerebrospinal fluid (Lassmann 
et al. 1981e). In addition to demyelination, profound alterations of blood vessel 
walls and astroglia were observed after application of antiganglioside sera. 

All these in vitro and in vivo experiments indicate that antibodies directed 
against surface antigens of the myelin sheath may induce damage to the nervous 
system, provided they are able to penetrate the blood-brain barrier or are produced 
locally in the CNS compartment and a proper effector mechanism is available. 

There are at present few studies available showing a modification of MBP-in
duced EAE by the presence of additional CNS antigens in the inoculation material. 
In acute EAE the clinical course and the pathohistological alterations may be mo
dified when glactocerebrosides or acidic brain proteins are used for sensitization in 
addition to MBP (Brostoff and Powers 1975; Yasuda et al. 1975). Nagai et al. (1980) 
have shown that the purely inflammatory type of experimental allergic neuritis in
duced by P2 protein may be converted into a demyelinating type ofEAN, similar to 
that found after sensitization with whole peripheral nerve, when gangliosides are 
added to the sensitization medium. Similarly a chronic demyelinating type of 
EAE, although with low incidence, is noted when animals are sensitized with MBP 
together with myelin lipids or with a crude protein fraction of myelin (Madrid et al. 
1981a). It must be noted, however, that the incidence of chronic demyelinating 
EAE and the extent of demyelination in individual animals in these experiments 
was much lower than is generally found after sensitization with whole spinal cord 
tissue. 

The direct determination of antigens responsible forinduction ofinflammatory 
demyelinating lesions in EAE is complicated by the fact that any interference with 
the integrity of native spinal cord prior to sensitization apparently reduces the in
cidence and severity of the chronic demyelinating disease (Schwerer et al. 1981a). 
Even when myelin instead of native spinal cord is used for sensitization, the incid
ence of chronic demyelinating EAE is lower and the size of individual demyelinat
ed lesions is small (Madrid et al. 1981a). 
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5.3 Conclusions 

5.3.1 The Variability of EAE Lesions as an Expression of Multiple Antigens 
and Effector Mechanisms 

It is now well established that the perivenous leukoencephalomyelitis of acute 
EAE is induced by a cellular immune response and that myelin basic protein is the 
most relevant if not even the only antigen responsible (Waksman and Morrison 
1951; Paterson 1960; Kies etal. 1960; Roboz Einstein etal. 1962; Bernard 1976; Or
tiz-Ortiz and Weigle 1976). Similarly, chronic EAE is induced only when MBP is 
present in the sensitization medium (Schwerer et al. 1981a; Madrid et al. 1981a). 
There is at present not much evidence available on what immunological mecha
nisms are reponsible for the chronic course of the disease, although some experi
ments suggest that the onset of an exacerbation correlates with fluctuations of T
cell subpopulations (Traugott et al. 1979). There are several indications that other 
(additional?) mechanisms may playa role in the expression of a chronic demyeli
nating type of EAE. 

Passive transfer studies with lymp node cells have not yet resulted in the induc
tion of a chronic demyelinating type of EAE. Induction of demyelination in vitro 
with lymph node cells has not been convincingly demonstrated, since in the posi
tive reports either no clear distinction between selective demyelination and cytoto
xicity was made or the role of antibodies in the pathogenesis of demyelination was 
not excluded. More recently selective destruction of oligodendrocytes in vitro was 
described by a cellular immune response against galactocerebroside (Niedieck and 
Lohmann 1981), although in this experimental system it is also not clear whether a 
direct cellular-cytotoxicity- or an antibody-dependent cellular cytotoxicity is re
sponsible for the damage. Injection oflymph node cells from EAE animals into the 
eNS compartment in vivo induced unspecific tissue damage rather than selective 
demyelination (Astrom and Waksman 1962). 

In the model of chronic relapsing EAE there is a striking difference between the 
pathology of the lesions in the active disease in the acute stage and the pathology of 
those in the chronic stage. Whereas acute EAE is a predominantly inflammatory 
disease with little or no demyelination, widespread plaque-like demyelination is 
the leading event in the pathology of chronic EAE. There are several possible ex
planations for this phenomenon. 

There may be differences in the intensity and duration of inflammation bet
ween acute and chronic EAE. This explanation, however, seems to be unlikely, as 
the intensity of inflammation in acute EAE is generally higher than that found in 
the chronic stage ofthe disease. Furthermore, persistence ofinflammation and cli
nicallyactive disease in the acute-subacute stage of chronic relapsing EAE for 2 or 3 
weeks does not lead to plaque-like demyelination ofthe lesions. On the contrary, 
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large confluent demyelinated plaques in chronic relapsing EAE may develop wi
thin 2-3 days of onset of a relapse. 

Another possible explanation for the differences in the pathology of acute and 
chronic EAE is that the cellular composition of inflammatory inftltrates changes. 
As proteolytic enzymes seem to be involved in the pathogenesis of demyelination 
(Cammer et al. 1978; Hallpike and Adams 1969; Cuzner and Davison 1979; Smith 
1977, 1980), a higher amount of macrophages in the lesions may possibly result in 
more extensive demyelination. Although there is a relatively high number of 
phagocytes in chronic EAE lesions at the stage of debris removal, there does not 
seem to be a striking difference in the cellular composition of the inflammatory in
filtrates of initial lesions between acute and chronic EAE, with the exception of 
high numbers of plasma cells in the latter. Moreover, it is not yet clear by what me
chanisms macrophages are activated in EAE lesions and directed against the target 
structures of myelin. 

A third possible explanation for the differences between acute and chronic 
EAE is that the immune response in the chronic stage is directed against antigens 
other than in the acute stage of the disease. Humoral and cellular immune respon
ses have been described in EAE or following sensitization of animals with purified 
eNS components directed against a variety of eNS antigens including ethanolic 
brain extracts (Paterson et al. 1965), sphingolipids (yokoyama et al. 1962), galacto
cerebroside (Niedieck 1975; Schwerer et al. 1981b; Niedieck and Lohmann 1981) 
and ganglioside (Schwerer et al. 1981b), sulfatide (Schwerer et al. 1981b), M2 pro
tein of myelin (Lebar et al. 1976, 1979), and oligodendrocytes (Abramsky 1979). 
However, with the exception of oligodendrocytes, it has so far not been possible to 
induce an inflammatory demyelinating disease of the eNS by sensitization of sus
ceptible animals with these antigens. The oligodendrocyte fraction contains MBP, 
which seems to be responsible for EAE induction (McDermott et al. 1977). 

A fourth possibility is that in the course of the disease immune response against 
antigens other than MBP may modify the disease, which is primarily induced by 
basic protein. There are several observation at least for humoral immune reactions 
suggesting that they may be involved in the pathogenesis of demyelination. The 
appearance oflarge demyelinated plaques in chronic relapsing EAE correlates well 
with the appearance of a humoral immune response in the sera, eSF, and brain ex
tracts of the animals (lassmann etal. 1981e). Furthermore, this immune response 
is at least partly directed against autoantigens of the central nervous system 
(Schwerer et al. 1981b; Schwerer et al., in preparation) which are responsible for 
the induction of demyelinating antibodies in vitro and in vivo (Dubois-Dalqc et al. 
1970; Saida et al. 1979c; lassmann etal. 1981e). Furthermore, serum demyelinat
ing activity in vivo in chronic relapsing EAE appears in parallel with the occurrence 
of plaque-like demyelination in the eNS of donor animals (lassmann et al1981c, 
e). The increased permeability of the blood-brain barrier for immunoglobulins in 
chronic EAE and the dressing of myelin sheaths with immunoglobulins at the 
edge of actively demyelinating lesions visualized by immunofluorescence 
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( Grundke-Iqbal et al. 1980) further supports the concept that antibodies are invol
ved in the pathogenesis of demyelination in this model. 

It is now well established that EAE cannot be transferred passively by serum in
jected into the circulation (Paterson 1971). However, the above-mentioned obser
vations indicate that the perivenous inflammatory disease induced by sensitization 
with MBP may be modified to a massively demyelinating type of disease by the si
multaneous presence of antibodies directed against myelin surface antigens. 

There are several possible mechanisms by which antibodies directed against 
myelin or other CNS components may induce damage to the central nervous tis
sue in EAE. As suggested from the evidence available, demyelination induced by 
EAE sera in vitro is accomplished by a direct antibody-dependent complement
mediated lysis of the target structures (Appel and Bomstein 1964; Grundke-Iqbal 
et al. 1981). A similar mechanism may operate in chronic EAE in vivo provided suf
ficient concentrations of antibodies and complement may reach the CNS tissue 
through leaking vessels. However, in immunofluorescence studies in chronic re
lapsing EAE no complement was detected in the lesions in spite ofthe presence of 
high amounts of immunoglobulins and active demyelination ( Grundke-Iqbal et 
al. 1980). Furthermore, when EAE sera are injected into the CSF of normal reci
pient animals, demyelination is induced in the absence of complement provided 
that the chronic EAE serum and the recipient animal belong to the same species 
(Lassmann et al., 1983). Although these studies do not exclude that complement 
may augment the extent of demyelination induced by EAE sera, they clearly indi
cate that complement is not absolutely required. 

Antibodies may also act in the pathogenesis of demyelination in EAE by direct 
interaction of cellular and humoral immune responses. An interaction between 
specific antibodies and activated macrophages has been shown to induce demyeli
nation (Brosnan et al. 1977; Wisniewski et al. 1980b) and has been denominated 
"antibody-dependent cell-mediated demyelination" (Brosnan et al. 1977). Such a 
direct interaction of humoral and cellular immune mechanisms may be further 
augmented by the presence of complement (Perlmann et al. 1981). Thus multiple 
different effector mechanisms may be involved either separately or in cooperation 
in the destruction of myelin in EAE. 

The concept that EAE lesions may be modified by the presence of immune 
reactions against antigens other than MBP may not only explain the differences in 
the extent of demyelination between acute and chronic EAE but also the structural 
variability of chronic EAE lesions. It has been shown in vitro and in vivo that EAE 
sera or sera from animals sensitized against purified CNS antigens may induce 
variable damage to individual components of the CNS and PNS. Antisera against 
galactocerebrosides and M2 protein mainly affect myelin and the myelin-support
ing cells (Dubois-Dalcq et al. 1970; Lebar et al. 1976). However, in chronic EAE in 
guinea pigs galactocerebroside is not the only antigen responsible for induction of 
demyelinating antibodies (Lassmann et al. 1981e). Antisera against oligodendro
cytes may demyelinate in vitro (Saida et al. 1977) and may bind to oligodendrocy-
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tes; this binding is, however, not absorbed by incubation with myelin. Demyelina
ting activity in eNS and PNS cultures ofEAE sera is variable, indicating that diffe
rent antigens in the eNS and PNS are responsible for the induction of demyelina
ting activity (Bomstein and Iwanami 1971; Yonezawa et al. 1968). Sera directed 
against gangliosides may induce damage to myelin, astrocytes, nerve cells, and 
blood vessels in normal recipient animals in vivo (Karpiak et al. 1976; Schwerer et 
al., in preparation). In individual chronic EAE animals, antibodies against several 
different eNS antigens may be found, and the relative proportion of antibodies 
against eNS antigens varies from animal to animal (Schwerer et al. 1981; Lass
mann et al. 1981 e). Thus the final pathogenetic event in a single animal may reflect 
the sum ofimmune responses against a large variety of antigens. In such a situation 
a variability in the structural aspects 0 the lesions must be expected. 

5.3.2 The Compartmentalization of the Immune Reaction and Its 
Consequences for the Study of Chronic EAE Pathogenesis 

It is the natural function of the blood-brain barrier to protect the central nervous 
system from toxic substances which may occur in the circulation (Lee 1971). How
ever, in chronic inflammatory conditions of the eNS a partial or total repair of the 
blood-brain barrier may entrap inflammatory cells and mediators in the eNS com
partment and may thus allow immune reactions in the brain, independent of the 
regulatory influences of the general immune system (Tourtellotte 1970). In chro
nic relapsing EAE there are several indications that such compartmentalization of 
the immune reaction occurs in the eNS. Increased IgG/albumin ratios and oligo
clonal IgG bands may be found in brain extracts of affected animals (Mehta et al. 
1981). Furthermore, pathohistology in these animals shows the seeding oflym
phocytes and plasma cells in the eNS parenchyma and meninges in spite of only 
low grade or absent blood-brain barrier damage. As has been described in detail 
earlier this compartmentalization of the immune response has consequences 
upon the structural expression of the lesions, especially with regard to distribution 
of inflammatory inflltrates and lesional topography. However, in addition to these 
aspects of pathohistology immunological parameters will also be influenced by the 
repaired blood-brain barrier. In such animals data obtained from the serum will no 
longer reflect the immunological changes occurring in the eNS. As an example 
during the late chronic phase of chronic relapsing EAE, massive demyelinating ac
tivity of the sera of sensitized animals can be found in the absence of active demye
lination in the brain and spinal cord of the donor animals and vice versa (Lassmann 
et al. 1981c). 

Therefore, in chronic relapsing EAE the study of pathogenetic factors involved 
in demyelination must be concentrated on the early chronic phase of the disease. 
In this stage blood-brain barrier damage is massive, and an exchange of inflamma
tory cells and mediators between the eNS and the circulation can be anticipated. 
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Alternatively, studies in the late chronic phase of the disease should focus upon the 
central nervous system. However, as there is no effective barrier between the CSF 
and the CNS tissue, autoantibodies in the CSF will be partly or totally absorbed by 
the excess of antigen. This may explain why no demyelinating activity was found in 
unconcentrated CSF samples of chronic EAE animals (Lassmann et al., un
published). 

5.3.3 Implications for Future Research in Human Inflammatory 
Demyelinating Diseases 

The possibility that multiple antigens and multiple effector mechanisms playa role 
in the pathogenesis of inflammatory demyelinating lesions complicates the plan
ning of future studies regarding the pathogenesis in humans. In fact several aspects 
in multiple sclerosis pathology and immunology indicate that more than a single 
pathogenetic event or mechanism is responsible for the disease. In this regard it is 
especially interesting to compare the pathohistology of acute disseminated leu
koencephalomyelitis (ADLE) with Marburg's type of acute MS (Marburg 1906). 
Both diseases show a comparable extent and distribution of perivenous inflamma
tion. However, demyelination is sparse in ADLEand restricted to small perivenous 
sleeves, whereas in acute MS extensive plaque-like demyelination is the leading 
event in pathohistology. Transitional stages between ADLE and acute MS can be 
found, and several authors thus came to the conclusion that these diseases are 
essentially similar. It must be noted however, that the majority of ADLE cases are 
arrested in the stage of perivenous demyelination. Furthermore, the extent of 
demyelination is not merely related to disease duration. In typical ADLE cases 
demyelination is still restricted to perivenous sleeves, even in cases with a clinical 
duration of several months. Thus, in analogy to the above-discussed mechanisms 
in EAE, additional pathogenetic factors seem necessary also in human inflam
matory demyelinating diseases to convert the perivenous leukoencephalomyelitis 
of ADLE into an MS-like disease with large inflammatory demyelinating lesions. It 
is at present not clear whether chronic MS starts in the first exacerbation with a 
pathohistological picture of ADLE, although the continuous spectrum of transitio
nal cases of ADLE, acute MS, and chronic MS supports this concept. 

Another aspect of pathohistology ofMS lesions which indicates that more than 
one mechanism may be involved in the pathogenesis ofthe disease is the variabil
ity of structural aspects ofMS lesions. As has already been discussed, the extent of 
oligodendroglia loss, remyelination, sclerosis, neuronal and axonal loss, and peri
pheral nervous system involvement is different from case to case. This variability 
cannot be explained on the basis of secondary damage due to intensity of the in
flammatory reaction or secondary vascular complications alone. 

The problems in immunological studies regarding autoimmunity in MS cases 
are best illustrated by the fact that autosensitization against individual CNS com-
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ponents was never demonstrated in 100 % of investigated cases (for review, see 
Frick 1979). Furthermore, similar tests revealed positive results in a variable pro
portion of normal controls and patients with other neurological diseases. Results 
like this, however, must be expected when a combination of different immune 
mechanisms is required for the induction of the disease and when autosensitiza
tion against several different CNS antigens may result in similar tissue damage. 

The compartmentalization ofthe immune response in the CNS is an even more 
significant problem in MS research than in studies dealing with the pathogenesis of 
chronic relapsing EAE. In the human disease investigations are mainly performed 
on cases of chronic MS, in cases where the blood-brain barrier is even less impaired 
than in the most chronic animals with chronic relapsing EAE. Cases of acute MS 
which are comparable to the early chronic stage of chronic relapsing EAE would be 
more appropriate for the study of serum factors and immunocompetent cells in the 
circulation. These cases, however, are rare and frequently misdiagnosed clinically. 
As mentioned above studies of autosensitization performed on CSF samples seem 
to be of limited value because of the lack of an effective barrier between the CNS 
tissue and the CSF. For this reason for instance autoantibodies in the CSF will be 
absorbed in the brain and spinal cord by the excess of antigen, and CSF immuno
globulins will mainly contain antibodies directed against antigens, not expressed 
on the surface of CNS components. This may explain why demyelinating activity 
in vitro in the CSF ofMS patients is found only when the samples are concentrated 
up to lOa-fold (Kim et al. 1970). 

The close similarity of the pathology between EAE and MS suggests that simi
lar mechanisms are involved in the pathogenesis of inflammatory demyelinating 
lesions in humans and in this experimental model. 

In recent studies it has been shown that following certain viral infections, de
myelinating lesions may be induced in the central nervous system and that autoim
mune mechanisms may playa role in the pathogenesis ofthese lesions (Wisniews
ki et al. 1972; Krakowka et al. 1973; Koestner et al. 1974; Dal Canto et al. 1979; 
Steck et al. 1981; Upton et al. 1980; Dal Canto and Rabinowitz 1982; Watanabe et 
al. 1982). These studies may represent the link between the etiology of human in
flammatory demyelinating diseases and experimental allergic encephalomyelitis. 
In the light ofthese studies it seems even more important that in a pure autoimmu
ne model like EAE multiple antigens and effector mechanisms seem to be in
volved in the disease. Furthermore, it must be emphasized that many autoantigens 
which may induce immunological damage to the nervous system directly or indi
rectlyare not yet completely characterized chemically, or are even unknown. This 
aspect at present seems to be the most promising in the study of pathogenesis of in
flammatory demyelinating diseases in humans and experimental animals. 
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