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Summary 

We have previously found that Lewis rat myelin basic protein (MBP)-reactive lymphocytes (Lc) were 
cytotoxic in vitro to cultured syngeneic oligodendrocytes (oligos). We report here additional studies to 
characterize this reaction. The effector lymphocytes in the cytotoxic reaction are also encephalitogenic as 
evidenced by the capacity of other aliquots of these cells to transfer experimental allergic encephalomyeli- 
tis (EAE). We confirmed that the presence of both MBP and antigen-presenting cells (APC) are required 
for this in vitro cytotoxic effect. This reaction (measured by 51Cr release from labeled oligos) is 
dose-dependent on the effector/target ratio with marked 51Cr release at a 20/1 ratio. Effector/target cell 
contact is required since: (a) 51Cr release is not significantly increased when effector Lc and oligo are 
separated by a micropore membrane (28% vs. 24% spontaneous release); (b) no cytotoxic activity is present 
in the supernatant fluid of a toxic reaction. The adhesion of 51Cr-labeled effector Lc to unlabeled oligo is 
increased in the presence of both MBP and APC (21 _ 1.0% of cell adhering) as compared with effector 
Lc + APC (12 + 2.7%), or effector Lc alone (14 + 2.8%). Surface expression of class I major histocompati- 
bility complex (MHC) antigens was expressed on the surface of the target oligos during this in vitro 
cytotoxic reaction. This may explain our previously observed MHC restriction in this reaction. The 
findings described here may explain some of the in vivo pathogenic events in EAE. 

Introduction 

T cell-mediated immune mechanisms are be- 
lieved to play a pathogenic role in experimental 
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allergic encephalomyelitis (EAE) induced by sensi- 
tization to myelin basic protein (MBP). Evidence 
cited to support this concept has included: (1) the 
prominent mononuclear cell accumulation in the 
lesional areas within the central nervous system 
(CNS) (Waksman and Adams, 1962; Raine, 1976); 
(2) in vitro evidence of lymphocyte immune reac- 
tivity to MBP (Ben-Nun et al., 1981); and (3) the 
capacity to transfer EAE with lines of MBP-reac- 
tive T lymphocytes (Paterson, 1960). However, the 
effector mechanisms involved in mediating EAE 
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have not been clearly defined. Such mechanisms 
might be clarified by a better understanding of the 
interaction of sensitized lymphocytes and oligo- 
dendrocytes, the cells responsible for myelin for- 
mation and maintenance in the CNS. Several in- 
vestigators have shown indirect evidences of in 
vitro damage of oligodendrocytes. Lyman et al. 
(1987) found that MBP-reactive lymphocytes in- 
duced an increased release from CNS organotypic 
culture of CNPase (cyclic nucleotide phosphatase), 
a myelin-specific enzyme. Royta et al. (1985) have 
reported damage of oligodendrocytes in organo- 
typic cultures induced by lymphoid cells obtained 
from rodents with EAE. 

With the more recent availability of cultured 
oligodendrocytes (oligos) and cell lines highly en- 
riched for MBP-reactive lymphocytes, it is now 
feasible to determine whether such immuno- 
competent cells do affect oligodendrocytes in ways 
that might not be grossly apparent in the usual 
visual examination of CNS tissue sections. 

To explore the effector mechanisms underlying 
the clinical EAE manifestations, we have devel- 
oped an in vitro assay of the cytotoxic effect of 
MBP-reactive lymphocytes on syngeneic oligos. In 
initial studies, we found that purified Lewis rat 
oligos are damaged by MBP-reactive lymphocytes 
in the presence of antigen-presenting cells (APC) 
and MBP (Kawai and Zweiman, 1988). We report 
here on an extension of these studies to learn more 
about the characteristics and underlying mecha- 
nisms of this cytotoxic reaction, especially the 
contact dependency and the effect of soluble fac- 
tors. 

Materials and methods 

Oligodendrocyte culture 
Lewis rat oligodendrocytes were isolated by a 

modification of the methods of Suzumura et al. 
(1984) as described (Kawai and Zweiman, 1988). 
Briefly, 17- to 19-day fetal brain dissociated cul- 
tures were used for oligos and astrocytes. The 
primary brain culture was established at 37 °C  in 
5% COz/ai r  in a 75 cm 2 plastic culture flask 
(Falcon 3024) in 10 ml Eagle's minimum essential 
medium supplemented with 10% fetal calf serum, 
2 mM glutamine, 2 mg /ml  glucose, 5 / tg /ml  in- 

sulin, 50 uni ts /ml  penicillin, and 50/~g/ml  strep- 
tomycin. 

After 9-16 days in vitro, oligos were isolated 
by shaking in an orbital shaker, then plated on 12 
mm diameter poly-L-lysine-coated coverglass at a 
density of 1 x 105 cells per coverglass. When 
utilized in cytotoxicity studies 3 -4  days later, 
about 75% (range 65-94%) of the cells on the 
coverglass were galactocerebroside (Gal-C) posi- 
tive. 

Lymphocyte cultures 
Male Lewis rats, 3 -4  months old, were im- 

munized with 50 /~g of guinea pig MBP a n d / o r  
tetanus toxoid (TT) (Connaught Laboratories) 1 
lipid fluidity unit ( l fu)/ml emulsified in complete 
Freund's adjuvant, containing 50 mg of Mycobac- 
terium tuberculosis H37 RA. 

Guinea pig MBP was prepared in our labora- 
tory by a modification of the procedure of Deibler 
et al. (1972). The purity of MBP was confirmed 
with a single band seen in sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE). 

Nine to 10 days later the draining lymph node 
cells were obtained and cultured in RPMI 1640 
medium supplemented with 2% of normal rat 
serum, 5% of NCTC 109 medium (MA Bioprod- 
ucts), penicillin 100 U /m l ,  streptomycin 100 m g /  
ml, Fungizone 25 n g /m l  (Gibco Laboratories, 
Chagrin Falls, OH, U.S.A.). Guinea pig MBP 30 
/~g/ml or TT 2 l fu /ml  was added to replicate 
cultures. 

After 5-7  days, lymphoblasts were separated at 
the interface of a discontinuous Percoll gradient 
(1.050/1.065), then cultured in interleukin-2 (IL-2) 
containing media. The source of the IL-2 was a 
supernatant of the cultured MLA-144 ceils, as 
previously described (Kawai and Zweiman, 1988). 
The line cells were restimulated every 7-14 days 
with MBP or TT for 3 days. Irradiated normal 
Lewis rat thymocytes were added as APC. After 
2 -4  weeks the cultured lymphocytes were re- 
stimulated as above and then used as effector cells 
in the cytotoxicity assay and the adhesion assay 
described below. 

When sufficient numbers of lymphocytes were 
available in individual MBP-reactive cell lines, 
used for cytotoxicity studies, other cell aliquo'ts 



(5-10 X 106 cells) were injected intracardially into 
naive Lewis rats to assess their capacity to transfer 
EAE over the next 5 days. 

Cytotoxicity assay 
(1) Target cells. After determination of opti- 

mal labeling conditions in preliminary studies, 
1 × 105 oligos or control target cells grown on 12 
m m  diameter, poly-L-lysine-coated coverglasses 
were incubated with 20/~Ci of 51Cr (New England 
Nuclear, specific activity 200-900 C i / g  chro- 
mium) for 2 h at 37°C,  washed 3 times and 
placed into 16 m m  diameter wells containing 
medium. 

(2) Effector cells. MBP- or TT-reactive lym- 
phoblasts from antigen-stimulated cultures were 
separated by Percoll gradient centrifugation. 
Freshly isolated normal Lewis rat lymph node 
cells and TT-reactive lymphoblasts were used as 
control effector cell populations. 

(3) Analysis of cytotoxic activity. Cytotoxicity 
was assessed by release of 5XCr from the isotope- 
labeled target cells on replicate coverglasses placed 
in individual wells of multi-well plates (Linbro). 

(a) In the standard assay, to each well was then 
added 1.0 ml of a suspension of the MBP-reactive 
lymphoblasts or control effector cell populations 
either: (i) alone, (ii) with added APC, (iii) with 
added MBP, or (iv) with both APC and MBP. 
These cell mixtures were then incubated for 6 h at 
37 ° C  in triplicate. A different MBP-reactive line 
was utilized in each experiment. The supernatant 
fluid was removed and the cell remaining on the 
coverglass disrupted by adding 1 N NaOH.  The 
removed supernatant and cell lysate from each 
well were transferred to separate test tubes for 
gamma counting (Packard). The percentage of 51Cr 
release was calculated as: 

Percent 5x Cr release 

cpm of supernatant 
= cpm of supernatant + cpm of cell lysate 

XlO0. 

The ratio of the number  of effector / target  cells 
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was 20:1  for all experiments except those study- 
ing the effector cell dose dependency of this reac- 
tion in which effector / target  ratios of 3 :1 ,  10:1,  
20 : 1, and 30 : 1 were compared. 

(b) In experiments designed to determine the 
need for contact between effector and target cells, 
the coverglasses containing the 51Cr-labeled target 
cells were first placed on the floor of triplicate 
wells as usual. Then, an insert well with a floor 
consisting of a Nucleopore membrane  (0.4 /~m 
pore size) was inserted into the outer well (Corn- 
ing Transwell 3413). A 0.5 ml suspension of MBP- 
reactive lymphoblasts, along with APC and MBP, 
was added to the inner well. In this step, cells 
which settled on the Nucleopore membrane  floor 
of the insert well are separated from, but only < 1 
m m  away from, the target cells on the coverglass 
in the outer well. After 6 h incubation, the con- 
tents of the insert chamber and supernatant fluid 
of the outer well are aspirated and transferred to a 
tube for gamma counting; the target cells on the 
coverglass were lysed and then also transferred to 
a tube for gamma counting, as above. These ef- 
fects were compared with isotope release from 
replicate labeled target cells with which triplicate 
aliquots of MBP-reactive lymphoblasts  plus APC 
and MBP were incubated concomitantly without 
any intervening barrier. In previous quality con- 
trol studies, we found that the presence of the 
insert chamber itself did not significantly affect 
the cytotoxic effect of MBP-reactive lymphoblasts 
added directly to the outer well containing the 
target cells on the coverglasses. 

(c) The possible cytotoxic effect on oligos of a 
humoral factor released from the MBP-reactive 
lymphoblasts during an incubation with oligos in 
the presence of MBP and APC was assessed by 
obtaining the supernatant fluid after 6 h incuba- 
tion of known cytotoxic MBP-reactive cells with 
unlabeled oligos (plus APC and MBP). We also 
obtained the supernatant fluid from the MBP-re- 
active lymphocyte cultures just  prior to the use of 
these cultured cells to assess their cytotoxic effect 
on the target oligos. Aliquots of each of these 
fluids were stored at - 7 0  ° C  and later incubated 
for 6 h with coverglasses containing freshly 51Cr- 
labeled oligos. Triplicate labeled oligos or cover- 
glasses were also incubated with MBP-reactive 
lymphoblasts plus MBP and APC. 
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Adherence studies 
The adherence of MBP-reactive lymphoblasts 

and other lymphoid cells to the oligo target cells 
was assessed by a modification of an assay used 
previously in our laboratory (Zweiman et al., 1982). 
MBP-reactive lymphoblasts were obtained as de- 
scribed above, incubated with 50 #Ci of 51Cr 
sodium chromate/1  × 107 cells on a rotator at 
37 °C  for 1 h. They were then washed 3 times and 
resuspended in oligo culture medium. Triplicate 
1.0 mi suspensions of these cells were added into 
15 mm diameter wells containing poly-L-lysine- 
coated coverglasses, some of which contained un- 
labeled oligos, as described above. The cell con- 
centrations employed were the same as used in the 
cytotoxicity studies. After incubation for 4 h at 
37°C,  the supernatant fluid was removed and 
replaced with fresh medium and the plates were 
agitated for 15 s on a vortex mixer to remove 
loosely attached cells. The supernatant fluid was 
discarded and the coverglasses were washed and 
then transferred to test tubes for gamma counting. 
An aliquot of the labeled MBP-reactive cells used 
for the incubation was set aside initially for gamma 
counting. In a similar way, the adherence of 51Cr- 
labeled TT-reactive Lewis rat lymphoblasts and 
5~Cr-labeled Lewis rat node cells to these cultured 
oligos was also assessed. 

Studies of MHC expression 
Oligos were examined for the surface expres- 

sion of major histocompatibility complex (MHC) 
antigen by indirect immunofluorescence staining 
before and after co-culture with MBP-reactive 
lymphocyte replicates inducing a cytotoxic effect. 
Oligos normally do not express MHC antigens 
except when stimulated in vitro by agents like 
"t-interferon. Therefore, the cultured oligos were 
incubated with recombinant rat y-interferon 
(Genzyme, Boston, MA, U.S.A., No. 53010, 2 
un i t s /ml )  for 48 h, washed and then examined for 
MHC expression. Oligo specimens were incubated 
with mouse monoclonal antibodies against rat 
MHC (OX6, OX3, OX18 and OX27) (Bioproducts 
for Sciences) and washed, followed by fluoresce- 
in-conjugated goat anti-mouse immunoglobulin 
(Tago) and washed. They were then incubated 
with rabbit anti-galactocerebroside antibody, 
kindly provided by Dr. Shama Bhat, Department 

of Neurology, University of Pennsylvania School 
of Medicine (diluted 1:100) followed by rhoda- 
mine-conjugated goat anti-rabbit immunoglobulin 
(Tago). The cells were washed and fixed in acid 
alcohol at - 2 0  ° C. Each slide was examined for 
the frequency of fluorescein (anti-MHC)-positive 
cells in the rhodamine (anti-Gal-C)-positive popu- 
lation of cells with a typical oligo appearance. In 
quality control studies, we found no non-specific 
binding of either irrelevant (anti-human CD4) 
mouse monoclonal antibody or goat anti-mouse 
antibody to these oligos. 

In selected experiments the capacity of antibod- 
ies against rat MHC class I antigens to inhibit the 
cytotoxic reaction was investigated. We utilized: 
(1) OX18, a mouse monoclonal antibody (Ab) 
against monomorphic rat MHC-I  antigen (Bio- 
products for Science); (2) 1-169, a mouse mono- 
clonal Ab against Lewis MHC-I (kindly supplied 
by Dr. H. Kimura, Department of Pathology, 
University of Pennsylvania School of Medicine). 
These were utilized in concentrations which bound 
strongly to normal Lewis rat node cells. They were 
added along with the MBP + APC + effector cell 
combination to the oligos. 

Results 

General characteristics of the cytotoxic reaction 
In a total of 15 experiments, lymphoblasts from 

MBP-reactive cell lines caused significantly in- 
creased 51Cr release from 51Cr-labeled oligo target 
cells after incubation at 37 °C  for 6 h (Table 1). 
As we had found previously in a smaller number 
of experiments (Kawai and Zweiman, 1988), this 
cytotoxic effect did not occur in the absence of 
exogenous MBP (Table 1). In the present study, 
MBP-reactive lymphoblasts depleted of APC were 
also not cytotoxic even in the presence of added 
MBP (Table 1). Thus both MBP and APC appear 
to be required for this in vitro cytotoxic reaction. 

The actual extent of 51Cr release from labeled 
target ceils induced by MBP-reactive lympho- 
blasts (plus MBP and APC) in individual experi- 
ments appeared to be affected by a number of 
factors: (1) there was a significant correlation 
between the frequency of oligos (galactocerebro- 
side positive) in the target cell monolayer and the 



TABLE 1 

CYTOTOXIC EFFECTS OF MBP-REACTIVE T CELLS ON OLIGODENDROCYTES 

Each value represents the mean + standard deviation of 15 experiments. 
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51Cr release (%) Spontaneous 

Effector a Effector Effector Effector Normal lymph node release (%) 
+ APC + MBP + APC + MBP only cells + APC + MBP 

65.3 + 8.5 26.5 + 8.3 32.6 5:9.4 28.5 + 7.7 20.4 + 7.1 23.1 + 7.5 
(n = 15) b (n = 11) (n = 7) (n = 9) (n = 8) (n = 15) 

a MBP-reactive lymphoblasts (see text). 
b Number of experiments. 

ex tent  of  51Cr release ( r  = 0.67; p < 0.01, Spear-  
m a n  rank  corre la t ion) ;  (2) the cy to toxic  effect was 
dose -dependen t  on  the e f f e c t / t a r g e t  cell ra t io  wi th  
a 20 : 1 ra t io  genera l ly  suff icient  for  a s t rong cy to-  
toxic effect (Fig.  1); (3) however,  there  are (yet 
unde te rmined )  fac tors  l ead ing  to var iab le  cyto-  
toxic  effects of  ind iv idua l  MBP-reac t ive  cell l ines. 
F o r  example ,  most  of  such lines ob t a ined  dur ing  a 
6 -mon th  pe r iod  in 1988 induced  less 51Cr release 
f rom labe led  ol igos than  observed  b y  us wi th  
MBP-reac t ive  l ines ob t a ined  ear l ier  or  later.  

Relation of in vitro cytotoxic capacity to EAE trans- 
fer capacity 

The  MBP-reac t ive  l ymphob la s t s  that  were cyto-  
toxic  also exhib i ted  encepha l i togenic  capaci ty .  In  

30 

20-  

.0 2'0 3'0 
I 

40 

MBP-ReactLve 
Cells 

• 8-24 
----O-'- 8-25 

• B-27 
B-32 

Effector/'l'arget Cell Ratios 

Fig. 1. The effector/target cell dose dependency of the cyto- 
toxic effects of MBP-reactive lymphoblasts on ofigodendro- 
cytes. Each line in the figure represents a different population 
of MBP-reactive lymplioblasts. 51Cr-labeled target oligo- 
dendrocytes were incubated with MBP-reactive lymphoblasts 
plus APC and MBP for 6 h at different effeetor/target ratios. 
The first point on the left represents the spontaneous 5]Cr 

release in each experiment. 

12 exper iments ,  the numbe r s  of  MBP-reac t ive  
Lewis l ymphob la s t s  were suff icient  to: (1) assess 
in vi tro cy to tox ic  ac t iv i ty  on oligos; (2) inject  
ano the r  cell  a l iquot  ( 5 - 1 0  6 cells) in to  naive  syn- 
geneic recipients ,  who were then examined  da i ly  
for  c l inical  signs of  EAE.  Al l  the M B P  line cells 
that  t ransfer red  E A E  into  rec ip ients  (signs a ppe a r -  
ing af ter  a du ra t i on  of  4 - 5  days)  were also cy to-  
toxic to ol igos in vi t ro and  vice versa. W e  could  
no t  c o m p a r e  the in tens i ty  of  the  in vi t ro  cy to tox ic  
effects and  the in vivo capac i ty  to t ransfer  E A E  
because  there were no t  a lways  suff icient  numbe r s  
of  l ymphob la s t s  left over  (af ter  tha t  needed  for in 
vi t ro s tudies)  to inject  the same n u m b e r  of  cells 
f rom each cell line. In  contras t ,  four  te tanus- reac-  
t ive cell l ine l ymphob la s t s  ne i ther  t ransfer red  E A E  
nor  were cy to toxic  to ol igos in vitro.  More  re- 
cently,  we have observed  occas iona l  MBP-reac t ive  
cell l ines which were no t  cy to tox ic  to oligos. These  
cells also d id  not  t ransfer  EAE.  

Requirement for cell-cell contact between effector 
and target cells 

W h e n  the MBP-reac t ive  l y m p h o b l a s t s  p lus  APC 
and  M B P  were a d d e d  to the inser t  well  of  the 
Transwel l  appa ra tu s  (so that  these cells were  sep-  
a ra ted  f rom the l abe led  ol igos in the ou te r  well  by  
a m e m b r a n e  fi l ter (0.4 t tm po re  size), there  were 
no  s ignif icant  increases  in 51Cr release f rom the 
target  ol igos af ter  6 h i ncuba t ion  (mean  = 24% vs. 
28% spon taneous  release).  In  compar i son ,  a l iquots  
of  the same cy to tox ic  ef fec tor  cell c o m b i n a t i o n  
induced  s ignif icant ly  inc reased  (mean  = 51%) 5]Cr 
release when incuba ted  d i rec t ly  wi th  the l abe led  
ol igos wi thout  in te rvening  m e m b r a n e  fi l ters (Ta-  
ble  2). 
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TABLE 2 

EFFECTS OF THE SEPARATION OF T HE  E F F E C T OR  
CELL P O P U L A T I O N  A N D  T HE  T A R G E T  OLIGO-  
D E N D R O C Y T E S  BY A MIC R OP OR E  M E M B R A N E  

Each value represents the mean _+ standard deviation. 

51Cr release (%) Spontaneous 

Effector a + APC + MBP release (%) 

Unseparated Separated 
well well 

88-B-45 50.0_+0.1 36.7±1.1 35.7_+4.3 
8 8 - B - ~  62.3_+3.7 30.8±3.7 35.3±2.2 
88-B-49 48.1_+1.9 18.7±2.4 18.0_+2.2 
88-B-50 49.6_+2.7 15.5±1.3 19.7_+1.0 
88-B-51 46.5_+4.1 19.9_+1.6 31.4_+7.4 

MBP-reactive lymphoblasts  (see text). 

Further evidence for the necessity of contact 
between effector and target cells came from stud- 
ies of possible cytotoxic activity in the supernatant 
fluid of these in vitro reactions. Supernatant fluids 
were obtained after 6 h incubations of the MBP- 
reactive lymphoblasts (with APC and MBP) and 
unlabeled oligos (incubation No. 1). These incuba- 
tions were replicates of similar 6 h incubations of 
the same effector cell combination with labeled 
oligos (incubation No. 2). If incubation No. 2 
showed significant cytotoxic effects (increased 51Cr 
release), the supernatant of incubation No. 1 was 
stored at - 7 0 ° C  and later incubated with fresh 
51Cr-labeled oligos for 6 h. No significantly in- 
creased SlCr release was seen as a result of incuba- 
tion of these supernatant fluids with fresh oligos 
(Table 3). 

TABLE 3 

EFFECTS OF S U P E R N A T A N T  OF T HE  CYTOTOXICITY 
TEST TO 51Cr-LABELED O L I G O D E N D R O C Y T E S  

Each value represents the mean_+ standard deviation. 

51 Cr release (%) Spontaneous 

Supernatant  Effector a release (%) 

+ APC + MBP 

87-B~45 37.8_+1.3 68.5_+3.3 26.4_+3.3 
87-B-12 34.6_+7.4 67.9_+2.9 31.4±1.2 
87-BT-47 17.7_+1.2 65.5_+3.2 26.6±2.8 
87-B-13 30.1_+2.0 67.1_+3.2 37.0±2.8 

a MBP-reactive lyrnphoblasts (see text). 

TABLE 4 

ADHESION ASSAY (MBP-REACTIVE LYMPHOBLASTS)  

Each value represents the mean_+ s tandard deviation of indi- 
vidual experiments (the mean percentage of adhered cells). 

MBP- Effector a Effector Effector Control 
reactive + APC + APC only (PLL b_ 
T cell + MBP coated 

coverslip) 

B-87-1 21.9_+2.0 11.8_+2.4 15.6_+3.8 2.8_+1.5 
B-87-10 20.3_+4.2 8.1_+1.0 11.7_+3.1 6.8_+3.7 
B-88-30 ~.6_+1.3 15.0_+0.8 13.8_+1.5 9.8_+0.7 
B-88-32 21.2_+3.2 15.9_+2.1 17.7_+0.8 8.0_+1.1 
B-88-41 18.9_+3.3 12.1±2.2 9.6_+1.2 2 .1±0.2  

a MBP-reactive lymphoblasts  (see text). 
b Poly-L-lysine. 

To investigate the possibility that humoral cy- 
totoxic factor(s) present during incubation No. 1 
had been absorbed out by the target oligos in that 
reaction (and thus not available to react with fresh 
oligos), we obtained supernatant fluids from cul- 
tures of the MBP-reactive lymphoblasts plus MBP 
and APC just before these effector cells were 
incubated with the target oligos. These supernates 
were also not toxic to oligos (data not shown). 

Adherence of effector to target cells 
A significantly higher percentage of MBP-reac- 

tive lymphoblasts adhered to oligos in the pres- 

TABLE 5 

ADHESION ASSAY (TT-REACTIVE LYMPHOBLASTS 
A N D  N O R M A L  LYMPH N O D E  CELLS) 

Each value represents the mean_+ standard deviation of indi- 
vidual experiments (the mean percentage of adhered cells). 

TT-reactive Lc a Lc LC Control 
lymphocytes + APC + APC only (PLL b. 

+ TT coated 
coverglass) 

TT-16 25.4+5.1 21.2+1.6  21.5+0.1 7 .8+0.2  
TT-19 16.2-t-2.9 8 .9+1.8 8 .0+2.9 1 .8+0.7 
TT-20 19.4+3.5 11.6+1.4 14.7+2.2 2.1+0.1 

Normal  LNC c 
(Expt. 1) 2.1+0.1 a 2.0+0.1 3 .1+0.4  1.8+0.3 

Normal  LNC 
(Expt. 2) 3 .3+0.3 ' t  3.5-t-0.6 5.0-t-0.7 3.2+1.1 

a Lymphocytes. 
b Poly-L-lysine. 
c Lymph node ceils. 
d Normal  lymph node cells plus MBP and APC. 
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ence of APC and  MBP (21 + 0.4%) as compared  
to 13 + 0.6% adherence with addi t ion  of only  APC 
and  13 + 1.3% when MBP-reactive lymphoblas ts  

alone were incuba ted  with the oligos (Table  4). 
However,  this increased adherence of MBP-reac-  
tive lymphoblas ts  was not  specific for MBP-reac-  

Figs. 2, 3, and 4. Oligodendrocytes simultaneously examined for the surface expression of class I major histocompatibility complex 
(MHC-I) antigens and galactocerebroside. Fig. 2a and b: untreated cultured oligodendrocytes express galactocerebroside (2a), but 
express no MHC-I (2b). Fig. 3a and b: "t-interferon-incubated oligodendrocytes express both galactocerebroside (3a) and MHC-I 
(3b). Fig. 4a and b: oligodendrocytes previously incubated with MBP-reactive lymphoblasts plus MBP and APC for 6 h express both 

galactocerebroside (4 a) and MHC-I (4 b). 
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tive lymphoblasts since about 21% of TT-reactive 
lymphoblasts were also adherent to oligos when 
incubated in the presence of TT and APC (Table 
5). There was very little adherence of freshly iso- 
lated normal lymph node cells to oligos (2.7 + 
1.9%), with no enhancement when these two cell 
populations were incubated in the presence of 
MBP and APC (Table 5). These results suggest 
that any antigen-stimulated lymphoblast might be 
more adherent than resting node cells to oligos. 

Studies of MHC antigen expression 
Cultured oligodendrocytes similar to that used 

as targets in the cytotoxicity assay expressed little 
or no MHC-I and no MHC-II antigens as de- 
termined by binding of specific potent monoclonal 
antibodies (Fig. 2a and b). Following incubation 
with y-interferon, there was a definite surface 
expression of MHC-I antigen (Fig. 3a and b) but 
not class II. When cultured oligos were incubated 
with MBP-reactive lymphoblasts under conditions 
in which a cytotoxic effect would occur, a search 
for MHC-I  on these oligos was limited by the 
non-specific fluorescence of dead oligos. However, 
there was surface expression of MHC-I  on oligos 
still adherent to the coverglass in all of seven 
experiments (Fig. 4a  and b). With OX27 (MHC-I), 
the staining of the surface MHC-I was weaker 
than with OX18. There was no detectable MHC-II 
(OX3 and OX6) expression on the surface of the 
oligos. 

Because of the increased expression of MHC-I  
antigens on the oligos after incubation with MBP, 
MBP-reactive lymphoblasts and APC, it was pos- 
sible that such MHC-I antigens might play a 
target role in the cytotoxic reaction observed. 
Therefore we attempted to determine whether ad- 
dition of the monoclonal anti-MHC-I antibodies 
employed would inhibit the cytotoxic effects of 
the MBP-reactive lymphoblasts. These approaches 
have been limited by a non-specific toxic effect of 
these monoclonal antibodies on the oligos when 
used in concentrations sufficient to show strong 
immunofluorescence when incubated with oligos. 

Discussion 

As noted earlier in this report, we previously 
found that MBP-reactive Lewis rat lymphoblasts 

are cytotoxic in vitro to syngeneic oligodendro- 
cytes (oligos) in a time-dependent reaction (Kawai 
and Zweiman, 1988). The cytotoxic reaction was 
dependent on the presence of antigen-presenting 
cells (APC) and MBP. Histoincompatible Brown 
Norway (BN) rat oligos were not damaged. How- 
ever, the cytotoxic effect was not directed simply 
against any Lewis rat cell since Lewis rat fibro- 
blasts and astrocytes were also not damaged by 
these MBP-reactive lymphoblasts. The present 
study addresses some of the unanswered questions 
about this striking in vitro cytotoxic reaction. 

One question deals with the roles of the MBP- 
reactive lymphoblasts and the APC in the cyto- 
toxic effect. The importance of MBP-reactive 
lymphoblasts is confirmed by the findings of in- 
creasing cytotoxic effects with an increasing ratio 
of the numbers of the MBP-reactive lymphoblasts 
to the target oligos. This effector/ target  dose de- 
pendency is seen commonly in other T cell-me- 
diated cytotoxic reactions. The necessity and role 
of APC in this reaction are less defined. APC may 
not be required for some cytotoxic effects. For 
example, Lyman et al. (1986) found that MBP-re- 
active murine lymphocytes by themselves could 
damage myelin in syngeneic organotypic brain 
cultures. The requirement for APC in our in vitro 
reaction could be due to one or more possible 
functions of these cells. 

(1) The APC could present MBP to the MBP- 
reactive lymphoblasts leading to further stimula- 
tion of the latter cells, with a resultant greater 
cytotoxic capacity. We do know that not just any 
antigen-stimulated Lewis rat lymphoblast will be 
cytotoxic to the oligos since TT-stimulated lym- 
phoblasts from TT-sensitized Lewis rats are not 
cytotoxic to these oligos (Kawai and Zweiman, 
1988). The irradiated APC used in this reaction 
have no cytotoxic effect of their own on the oligos. 

(2) Another possible role of the APC could be 
to increase the adherence of MBP-reactive lym- 
phoblasts to the target oligos. Indeed, we did find 
such an increased adherence in the presence of 
APC. This could be important because a major 
finding in this study is that the cytotoxic reaction 
depends on cell-cell contact between the MBP-re- 
active lymphoblasts and the target oligos. Further- 
more, the cell-free supematant fluid obtained at 
the end of the 6 h incubation period contained no 



humoral factors cytotoxic to fresh oligos. Tiffs 
effector-target cell contact dependency has also 
been observed in other cytotoxic reactions against 
cell targets (Shaw et al., 1986; Berrebi et al., 1987). 
However, increased adherence of lymphoblasts to 
these cultured oligos is not sufficient by itself for 
cytotoxic effects. In comparative studies we found 
that TT-stimulated lymphoblasts adhere as much 
as the MBP-stimulated lymphoblasts to the oligos. 
However, only the MBP-reactive lymphoblasts 
were cytotoxic to these oligos. Thus, the cytotoxic 
effect on oligos may require adherence of suffi- 
cient numbers of lymphoblasts which are immuno- 
logically reactive with determinants in the oligos. 

That possible mechanism raises a second ques- 
tion addressed in part by these studies: the nature 
of the oligo target antigens in tiffs immune reac- 
tion. As noted above, oligos from histoincompati- 
ble BN rats were not damaged by these Lewis 
MBP-reactive lymphoblasts which were cytotoxic 
to Lewis rat oligos (Kawai and Zweiman, 1988). 
Tiffs finding raises the possibility that MHC anti- 
genic determinants are part of the target in the 
cytotoxic reaction. The cytotoxic action of a num- 
ber of T cell clones against other cell targets 
appears to be MHC-class I restricted (Forman, 
1987). However, unlike the target cells in those 
models, cultured rat oligodendrocytes do not ex- 
press either class I or class II antigens, as de- 
termined by either immunofluorescence or radio- 
immunoassay studies. Class I but not class II 
MHC antigens can be induced on oligos previ- 
ously exposed to activators like y-interferon (Wong 
et al., 1984; Suzumura et al., 1986a, b). 

Our findings confirm these earlier reports in 
that cultured oligos express little or no MHC-I 
and no MHC-II (MHC-I expression was seen in 
such oligos previously exposed to y-interferon). 
However, after a 6 h incubation of the oligos with 
the MBP-reactive lymphoblasts + APC + MBP, 
there was modest expression of MHC-I antigens 
on many of the oligos in the cytotoxic reaction. 
The source of the MHC-I antigens seen on these 
oligos is unclear. It is conceivable that a product 
released from the lymphoblasts could have stimu- 
lated MHC-I expression on the oligos. Indeed, our 
recent preliminary studies suggest increased 
MHC-I expression on cultured oligos incubated 
with the supernatant fluid of the cytotoxic reac- 
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tion. It is also possible that MHC antigens may 
have been shed from the lymphoblasts or APC 
(Hale et al., 1981; Hedlund et al., 1984; Meeusen, 
1987). Meeusen (1987) showed that such shed 
antigen could stimulate a secondary cytotoxic re- 
sponse in the presence of APC. Vass et al. (1984) 
have speculated that MHC antigens may be bound 
to altered cells rendering them susceptible to fur- 
ther cytotoxic effects. 

However, at least two findings cast some doubt 
about tiffs postulated role of MHC-I  in the target 
cells. First, the majority of the lymphoblasts in 
our cytotoxic reaction expressed the putative 
helper (CD4 equivalent) phenotype. CD4 ÷ cyto- 
toxic cells are thought to be restricted by MHC-II,  
not MHC-I determinants in their cytotoxic effects 
(Tite et al., 1985; Nakamura et al., 1986; Sun and 
Wekerle, 1986). 

Second, our preliminary studies do not indicate 
any increased susceptibility of y-interferon-treated 
oligos (expressing MHC-I antigens) to the cyto- 
toxic effect of the MBP-reactive lymphoblasts. 
Our attempts to determine whether the cytotoxic 
effects of the MBP-reactive lymphoblasts is in- 
hibited by antibodies against MHC-I determi- 
nants have been limited by an inconsistent cyto- 
toxic effect of such antibodies themselves on the 
target oligos, even when complement was in- 
activated in all reagents. Although we have not 
seen impressive MHC-II antigen expression on the 
target oligos either before or after the 6 h incuba- 
tion in the cytotoxic reaction, it is possible that a 
low but sufficient level of MHC-II  molecules are 
expressed. Again, our attempts to inhibit the cyto- 
toxic reaction by OX6 (an anti-MHC-II antibody) 
have been limited by cytotoxic effects of this 
antibody on oligos. 

It is also conceivable that the resistance of BN 
rat oligos to the cytotoxic effect of the Lewis 
MBP-reactive lymphoblasts may be independent 
of the MHC status of BN rats. Unfortunately, we 
have not been able to assess the cytotoxic effect of 
MBP-reactive lymphoblasts from BN rats on BN 
oligos because it is extremely difficult to induce 
encephalitogenic lymphoblasts in the EAE-re- 
sistant BN strain. 

We have not yet identified an oligo-specific 
component as a target of the cytotoxic reaction 
observed here. Antibodies against galactocerebro- 
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side,  an  o l igo  su r face  c o m p o n e n t ,  c a n  d a m a g e  
o l igos  in v i t ro  in the  p r e s e n c e  o f  c o m p l e m e n t ,  as 

assessed  by  51Cr re lease  ( S u z u m a r a  et al., 1986c). 

H o w e v e r ,  we  h a v e  f o u n d  tha t  the  p r e s e n c e  o f  

s imi la r  a n t i - g a l a c t o c e r e b r o s i d e  a n t i b o d i e s  in the  

a b s e n c e  of  c o m p l e m e n t  (which  a re  n o t  toxic)  does  

n o t  inh ib i t  the  c y t o t o x i c  e f fec t s  of  the  M B P - r e a c -  

t ive  l y m p h o b l a s t s .  

I f  the  in v i t ro  even t s  o b s e r v e d  in this s t udy  d o  

o c c u r  in v ivo,  o n e  c a n  specu la t e  a b o u t  the  n a t u r e  

o f  M B P - r e a c t i v e  l y m p h o b l a s t s  pas s ing  t h r o u g h  the  

c i r c u l a t i o n  o f  the  cen t r a l  n e r v o u s  sys tem d u r i n g  

ac t ive ly  o r  pass ive ly  (cell  t ransfe r )  i n d u c e d  E A E .  

Cel l s  such  as as t rocy tes ,  m a c r o p h a g e - m i c r o g l i a  a n d  

v a s c u l a r  e n d o t h e l i a l  cel ls  can  express  M H C  class 

II an t i gen  ( F o n t a n a  et al., 1984; Sobe l  a n d  Co lv in ,  

1985; T r a u g o t t  et al., 1985; M a t s u m o t o  and  Fu j i -  

wara ,  1986) a n d  c o u l d  c o n c e i v a b l y  b i n d  and  pre-  

sent  smal l  a m o u n t s  o f  M B P  w h i c h  n o r m a l l y  e lu te  

f r o m  o l i g o d e n d r o c y t e s  a n d / o r  m y e h n  w i t h i n  the  

C N S  ( S i m o n  a n d  Anzi l ,  1974; Wisn i ewsk i  a n d  

L a s s m a n n ,  1983). I f  su f f i c i en t  n u m b e r s  o f  ac t i -  

v a t e d  M B P - r e a c t i v e  l y m p h o b l a s t s  c o m e  in c o n t a c t  

w i t h  such  M B P - p r e s e n t i n g  cells, the  M B P - r e a c t i v e  

l y m p h o b l a s t s  c o u l d  be  r e t a i n e d  at  the  sites a n d  

d i r ec t ly  (or  ind i rec t ly )  d a m a g e  o l i g o d e n d r o c y t e s .  

W h e t h e r  o r  n o t  such  d a m a g e  is m a n i f e s t e d  as 

f r ank  d e m y e l i n a t i o n  in the  usua l  p a t h o l o g i c  s tud-  

ies m a y  re f lec t  the  in t ens i ty  o f  the  ce l lu la r  r e a c t i o n  

a n d / o r  p a r t i c i p a t i o n  b y  o t h e r  i m m u n o l o g i c a l  

events .  

R e f e r e n c e s  

Ben-Nun, A., Wekerle, A.H. and Cohen, I.R. (1981) The rapid 
isolation of clonable antigen-specific T lymphocyte lines 
capable of mediating autoimmune encephalo-myelitis. Eur. 
J. Immunol. 11,195-199. 

Berrebi, G., Takayama, H. and Sitkovsky, V. (1987) 
Antigen-receptor interaction requirement for conjugate 
formation and lethal-hit triggering by cytotoxic T lympho- 
cytes can be bypassed by protein kinase C activators and 
Ca ++ ionophores. Proc. Natl. Acad. Sci. U.S.A. 84, 
1964-1368. 

Deibler, G.E., Martenson, R.E. and Kies, M.W. (1972) Large 
scale production of myelin basic protein from central 
nervous tissue of several mammalian species. Prep. Bio- 
chem. 2, 139-165. 

Fontana, A., Fierz, W. et al. (1984) Astrocytes present myelin 
basic protein to an encephalitogenic T-cell line. Nature 307, 
272-276. 

Forman, J. (1987) Determinants on major histocompatibility 
complex class I molecules recognized by cytotoxic T 
lymphocytes. Adv. Immunol. 41, 135-179. 

Hale, A.H., Evans, D.L. and McGee, M.P. (1981) A study of 
the ability of H-2Kk-Ia k containing subcellular fractions to 
elicit primary anti-H-2 cytotoxic T lymphocytes. Cell. Im- 
munol. 61,365-374. 

Hedlund, G., Jansson, B. and SjSgren, H.O. (1984) Compari- 
son of immune responses induced RT-1 antigens presented 
as inserts into liposome, as protein micelles and as intact 
cells. Immunology 53, 69-78. 

Kawai, K. and Zweiman, B. (1988) Cytotoxic effect of myelin 
basic protein-reactive T cells on cultured oligodendrocytes. 
J. Neuroimmunol. 19, 159-165. 

Krensky, A.M., Clayberger, C., Reiss, C.S., Strominger, J.L. 
and Burakoff, S.J. (1982) Specificity of OKT4 + cytotoxic T 
lymphocyte clones. J. Immunol. 129, 2001-2003. 

Lyman, W.D., Roth, G.A., Chiu, F.C., Brosnan, C.F., Born- 
stein, M.B. and Raine, C.S. (1986) Antigen-specific T cells 
can mediate demyelination in organotypic central nervous 
system culture. Cell. Immunol. 102, 217-226. 

Matsumoto, Y. and Fujiwara, M. (1986) In situ detection of 
class I and II major histocompatibility complex antigens in 
the rat central nervous system during experimental allergic 
encephalomyelitis. J. Neuroimmunol. 12, 265-277. 

Meeusen, E. (1987) The induction of cytotoxic T-cell responses 
with H-2 antigens shed from viable lymphocytes. Immunol- 
ogy 61, 321-326. 

Moretta, L., Mingari, M.C. Sekaly, P.R., Chapuis, B. and 
Cerottini, J.-C. (1981) Surface markers of cloned human T 
cells with various cytotoxic activities. J. Exp. Med. 154, 
569-574. 

Nakamura, M., Ross, D.T., Briner, T.J. and Gefter, M.L. 
(1986) Cytotoxic activity of antigen-specific T cells with 
helper phenotype. J. Immunol. 136, 44-47. 

Paterson, P.Y. (1960) Transfer of allergic encephalomyelitis in 
rats by means of lymph node cells. J. Exp. Med. 111, 
119-135. 

Raine, C.S. (1976) Experimental allergic encephalomyelitis and 
related conditions. Prog. Neuropathol. 3, 225-251. 

Roytta, M., Lyman, W.D., Roth, G.A., Bornstein, M.B. and 
Raine, C.S. (1985) Preliminary analysis of cell and serum- 
induced demyelination in vitro using a syngeneic system. 
Acta Neurol. Scand. 71, 226-236. 

Shaw, S., Luce, G.E.G., Quinones, R., Gress, R.E., Springer, 
T.A. and Sanders, M.E. (1986) Two antigen-independent 
adhesion pathways used by human cytotoxic T-cell clones. 
Nature 323, 262-264. 

Simon, J. and Anzil, A.P. (1974) Immunohistological evidence 
of perivascular localization of protein in early development 
of experimental allergic encephalomyelitis. Acta Neuro- 
pathol. 27, 33-42. 

Sobel, R.A. and Colvin, R.B. (1985) The immunopathology of 
experimental allergic encephalomyelitis (EAE). 3. Differen- 
tial in situ expression of strain 13 la on endothelial and 
inflammatory cells of (strain 2-strain 13) F1 guinea pig with 
EAE. J. lmmunol. 134, 2333-2337. 

Strassman, G. and Bach, F.H. (1984) OKT4 + cytotoxic T cells 
can lyse targets via class I molecules and can be blocked by 



monoclonal antibody against T4 molecules. J. Immunol. 
133, 1705-1709. 

Sun, D. and Wekerle, H. (1986) Ia-restricted encephalitogenic 
T lymphocytes mediating EAE lyse autoantigen-presenting 
astrocytes. Nature 320, 70-72. 

Suzumura, A., Bhat, S.P., Eccleston, A., Lisak, R.P. and Silber- 
berg, D.H. (1984) The isolation and long-term culture of 
oligodendrocytes from newborn mouse brain. Brain Res. 
324, 379-383. 

Suzumura, A., Silberberg, D.H. and Lisak, R.P. (1986a) The 
expression of MHC antigens on oligodendrocytes: induc- 
tion of polymorphic H-2 expressions by lymphokines. J. 
Neuroimmunol. 11, 179-190. 

Suzumura, A., Lavi, E., Weiss, S.R. and Silberberg, D.H. 
(1986b) Coronavirus infection induces H-2 antigen expres- 
sion on oligodendrocytes and astrocytes. Science 232, 
991-993. 

Suzumura, A., Lisak, R.P. and Silberberg, D.H. (1986c) Serum 
cytotoxicity to oligodendrocytes in multiple sclerosis and 
controls: assessment by 51Cr release assay. J. Neuroim- 
munol. 11, 137-147. 

Tite, J.P., Powell, M.B. and Ruddle, N.H. (1985) Protein-anti- 
gen specific Ia-restricted cytotoxic T cells: analysis of 
frequency, target cell susceptibility, and mechanism of cy- 
tolysis. J. Immunol. 135, 25-33. 

67 

Traugott, U., Scheinberg, L.C. and Raine, C.S. (1985) On the 
presence of Ia-positive endothelial cells and astrocytes in 
multiple sclerosis lesions and its relevance to antigen pre- 
sentation. J. Neuroimmunol. 8, 1-14. 

Vass, K., Lassman, H., Wisniewski, H.M. and Iqbal, K. (1984) 
Ultracytochemical distribution of myelin basic protein after 
injection into the cerebrospinal fluid. Evidence for trans- 
port through the blood-brain barrier and binding to the 
luminal surface of cerebral veins. J. Neurol. Sci. 63,423-433. 

Waksman, B.H. and Adams, R.D. (1962) A histologic study of 
the early lesion in experimental allergic encephalomyelitis 
in the guinea pig and rabbit. Am. J. Pathol. 41, 135-162. 

Wisniewski, H.M. and Lassmann, H. (1983) Etiology and 
pathogenesis of monophasic and relapsing inflammatory 
demyelination - -  human and experimental. Acta Neuro- 
pathol. Suppl. 9, 21-29. 

Wong, G.H.R., Bartlett, P.F. et al. (1984) Inducible expression 
of H-2 and Ia antigens on brain cells. Nature 310, 688-691. 

Zweiman, B., Moskovitz, A.R. and Lisak, R.P. (1982) Quanti- 
tative assessment of the adherence of normal human blood 
mononuclear cells to vascular endothelial monolayers. Cell. 
Immunol. 68, 165-172. 


