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Summary

Uncertainty regarding pathogenic mechanisms has been a major impediment to effective prevention
and treatment for human neurologic diseases such as multiple sclerosis, tropical spastic paraparesis,
and AIDS demyelinating disease. Here, we implicate lymphotoxin (LT) (tumor necrosis factor
(3 [TNF-0]) and TNF-ci in experimental allergic encephalomyelitis (EAE), a murine model of
an autoimmune demyelinating disease. In this communication, we report that treatment of recipient
mice with an antibody that neutralizes IT and TNF-a prevents transfer of clone-mediated EAE .
LNC-8, a myelin basic protein-specific T cell line, produces high levels of IT and TNF-ot after
activation by concanavalin A, antibody to the CD-3e component of the T cell receptor, or myelin
basic protein presented in the context of syngeneic spleen cells . LNC-8 cells transfer clinical signs
of EAE. When LNC-8 recipient mice were also treated with TN3 .19 .12, a monoclonal antibody
that neutralizes IT and TNF-ci, the severity of the transferred EAE was reduced, while control
antibodies did not alter the disease . The effect of anti-LT/TNF-cx treatment was long lived and
has been sustained for 5 mo. These findings suggest that IT and TNF-ci and the T cells that
produce them play an important role in EAE.

I

t has been suggested that the cytokines lymphotoxin (LT)'
(TNF-a) and TNF-ot could contribute to pathogenesis in
several human neurologic diseases, including multiple sclerosis (MS) (1) and AIDS dementia (2) . If that were the case,
inhibition of the induction or activity of such cytokines might
alleviate the tissue damage and demyelination associated with
these diseases . In this study, we test the hypothesis that IT
and TNF-cx are involved in experimental allergic encephalomyelitis (EAE), a murine model for MS, and demonstrate
that inhibition of their activity prevents transfer of clinical
signs of this paralytic disease.
IT and TNF-ci are genetically related cytokines with several activities that could contribute to demyelinating diseases.
TNF-cx is produced by macrophages after stimulation with
LPS, whereas both IT and TNF-ci are released by T cells
activated by antigen or infection with some viruses, including
human T cell leukemia virus type I (HTLVI) (3, 4) . IT and
TNF-ot activities appear to be beneficial in defense against
tumors and virus-infected cells (3), and detrimental in their
'

Abbreviations used in this paper. EAE, experimental allergic encephalomyelitis ; HTLV1, human T cell leukemia virus type I ; LT, lymphotoxin ;
MBP, myelin basic protein ; MS, multiple sclerosis.
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association with cachexia (5) and (for TNF-a) in the pathogenesis of cerebral malaria (6) . Evidence has accumulated that
supports but does not yet prove a role for IT and TNF-ac
in certain neurologic diseases . One of the earliest descriptions of IT was derived from a study of lymphocytes of rats
with EAE (7) . TNF-ct causes demyelination and death of
oligodendrocytes in vitro (8) . Further corroboration and a
suggestion for the biologic relevance of these observations
is indicated by the recent description of TNF-ci in MS plaques
(9) . The high levels of IT produced by HTLVI-infected T
cell lines (10-12) is also consistent with an involvement of
IT in tropical spastic paraparesis, a neurologic disease associated
with infection with that human retrovirus .
In related studies (13, 14), we have presented circumstantial evidence for a role of IT in EAE. A series of myelin basic
protein (MBP-reactive) PL/J T cell clones had identical antigen fine specificity and MHC restriction, used the same TCR
V(3 gene (15), and produced Ilr2 in response to the encephalitogenic peptide (amino acids 1-11) of MBP presented in the
context of H-2u. Despite these similarities, the clones varied
in their ability to transfer EAE, and this was positively correlated with the amount of LT/TNF-cx cytotoxic activity and
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the amount of IT mRNA that they produced . Clones that
transferred EAE efficiently, as assessed by incidence of disease, severity of clinical signs, and day of onset, produced
high levels of cytotoxic factors (256 U) and mRNA for LT.
Those that did not transfer disease produced low or undetectable levels (0-16 U) of cytotoxic activity and IT mRNA.
The correlation with TNF-a was not as clear. Most clones
that made IT mRNA also made TNF-a mRNA . However,
one clone made high levels of TNT-a mRNA, but did not
secrete cytotoxic material, and did not transfer disease particularly well . No correlation was found between IFN-'Y and
IL-2 production and encephalitogenicity.
In this communication, we present additional data that
support the hypothesis that IT and/or TNF-a are involved
in the pathogenesis of EAE . These results obtained with the
SJL/J murine model of EAE indicate that inhibition of IT
and TNF-a reduces the severity of disease symptoms transferred by a T cell line. One implication of these results is
that inhibition of these cytokines might alleviate clinical
signs in certain immunologically mediated human neurologic
diseases .
Materials and Methods
LNC 8 T Cell Line. LNC-8 was derived from the pophteal
lymph nodes of an SJL mouse immunized with porcine MBP.
LNC-8 was maintained with biweekly addition of human rIIr2
(Amgen Biologicals, Thousand Oaks, CA) and stimulated with
porcine MBP (101Lg/ml ; Calbiochem-Behring Corp., San Diego,
CA) and irradiated SJL splenocytes every other week.
Activation of LT and TNF-a Production. LNC-8 cells (2 x
106 /ml) were incubated in medium that contained 10% FCS alone,
or were supplemented with Con A (5 tug/ml), or 25 or 1001Ag/ml
porcine MBP and irradiated syngeneic SJL spleen cells. For stimulation with anti-CD3, LNC-8 cells were added as above to tissue
culture flasks that had been incubated overnight with anti-CD3
e antibody YCD3-1 (16), then rinsed twice with PBS. Culture supernatants were collected from activated cells at various times between 8 and 48 h and tested for cytotoxic activity against WEHI
164 cells .
Biologic AssayforLT and TNEa . For determination ofLT/TNF
units, a sensitive WEHI 164 subline obtained from Edward Lattime (Memorial Sloan-Kettering, New York) was used as a target.
WEHI 164 cells (5 x 103/well) were set up in 96-well tissue culture plates in RPMI 1640 with 10% FCS, 1% nonessential amino
acids, 1% essential amino acids, 1% sodium pyruvate in dilutions
of test and control samples in a volume of 100 pl . After 44 h, WEHI
164 survival was evaluated by the cells' 4-h uptake of MTT (17),
which was then acidified with 150 p1 0 .04M HCL in isopropenol.
The plate was read on a Vmax plate reader at 470 nm with a 650nm reference standard. Units were calculated as the highest dilution causing 50% cytotoxicity. Percent cytotoxicity was calculated
as : 100x (1.00 - OD of sample wells)/OD of control wells.
Neutralization ofLT/TNF ce Biologic Activity. Supernatants containing WEHI 164 cytotoxic activity were diluted to 64 U and
incubated with TN3.19 .12 obtained from Dr. Robert Schreiber
(Washington University, St. Louis, MO). This hamster mAb has
been previously demonstrated to neutralize both LT and TNF-a
(18). After incubation for 1 h at 37°C, the supernatants were added
to WEHI 164 cells and assayed as above.
Northern Blot Analysis. Total RNA was obtained by the
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guanidinium thiocyanate cesium chloride method (19) from unstimulated murine L cells, and from SJL splenocytes and LNC-8
cells after activation. RNA (20 wg) was subjected to electrophoresis in a 0 .66 M formaldehyde/MOPS 1% agarose gel, transferred
to Gene Screen Plus (New England Nuclear, Boston, MA), and
hybridized with TNF-a cDNA (20) (a generous gift from Dr. Bruce
Beutler, University of Texas Southwestern Medical School), LT
cDNA (21), or (3-actin cDNA (22) (a generous gift from Dr. D.
Cleveland, Johns Hopkins University Medical School) labeled by
the random primer method (23) . The filters were washed twice
for 15 min at 55 ° C with 0.2x SSC and 0.1% SDS, and exposed
to XAR film with intensifying screens .at -70° C.
Transfer and Evaluation of EAE. LNC-8 cells were stimulated
with MBP (10 pg/ml) and spleen cells for 3 d . The cells were then
exposed to 2 U/ml 11,2 for 1 d . After that time, 7 .5-12 x 106
LNC-8 cells were injected intraperitoneally or intravenously as indicated in individual experiments. The mice were divided into groups
and, 48 h later, injected with PBS, hamster control antibody L2D39,
rat anti-IL4 antibody 11B11 (24), or hamster anti-LT/TNF-a antibody TN3 .19 .12 (18) . Mice were evaluated for clinical signs of EAE
daily for at least 21 d after injection of cells. The study was done
in a blinded fashion . That is, the observer was unaware of the protocol . The clinical scale was as follows : 0 = normal, 1 = tail limpness, 2 = paraparesis with a clumsy gait, 3 = hind limb paralysis,
4 = hind and fore limb paralysis, 5 = death .
FRCS Analysis. LNC-8 cells were analyzed for V0 gene usage
12 d after being stimulated with irradiated splenocytes and MBP.
Cells were incubated with supernatant from KJ23a, a generous gift
ofDrs . John Kappler and Phillippa Marrack (National Jewish Center,
Denver, CO), or a control supernatant and stained with fluoresceinconjugated goat anti-mouse antibody. Binding was evaluated with
a FACS analyzer (Becton Dickinson & Co., Mountain View, CA).
Results
Characteristics ofLNC-8 Cells. The IIr2-dependent T cell
line LNC-8 used in the present studies to transfer EAE
proliferates in response to MBP in the context of H-2' . It
proliferates to all three major pepsin-digested fractions of MBP
(data not shown) . One of these fractions includes the peptide, which is encephalitogenic for SJL/J mice, that lies in
the COON-terminal end of the MBP molecule (25). We have
found by FACS analysis that -50% of LNC-8 T cells stain
with KJ23a, an antibody that reacts with the Va17a gene
product of the TCR (Fig. 1) . This TCR gene usage is consistent with the observation that V017a and at least one other
as yet undefined Vii gene are utilized by encephalitogenic
SJL clones (26).
LT and TNF-a Production by LNC-8 Cells. When LNC-8
cells are stimulated by Con A, they produce mRNA for
several cytokines, including IFN--y and GM-CSF (data not
shown) and IT and TNF-ca (Fig. 2) . Of particular interest
is the fact that in the RNA samples from stimulated LNC-8
cells IT mRNA appeared to be at higher abundance than
TNF-tx mRNA, and that the T cell line made considerably
more IT and TNF mRNA than do Con A-activated spleen
cells . There are actually several molecular species of LNC-8
RNA that hybridize with both the IT and TNF-a cDNA
probes. One high molecular weight species (-3 kb) hybridizes with both probes and could represent an IT promoter-regulated transcript driven through the entire 6-kb
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Figure 1. The LNC-8 cell line includes a V017a' population . LNC-8
cells were analyzed for V)317a usage 12 d after last being stimulated with
irradiated SJL splenocytes and MBP. Cells were incubated with supernatant KJ23a (antiV/317a) or with control supernatant, washed, and stained
with fluorescein-conjugated goat anti-mouse antibody. Binding was analyzed on a FRCS analyzer (Becton Dickinson & Co .) . (A) Control supernatant ; (B) antiVO17a.

TNF-a/(3 gene complex within the MHC on mouse chromosome 17 (27, 28) .
Culture supernatants from LNC-8 cells activated by several different methods contained cytotoxic activity against
WEHI 164 cells, a target for both IT and TNF-a (Table 1) .
Because the bioassay does not distinguish between the two
cytokines, the results are expressed as LT/TNF-a activity.
LNC-8 cells did not secrete LT/TNF unless activated . They

Table 1.
Exp.

secreted high levels of LT/TNF after stimulation with
nonspecific mitogens, stimulation through the TCR by an
anti-CD3 antibody YCD3-1 (16), or by MBP presented by
syngeneic spleen cells. The amount of cytotoxic activity in
the culture supernatants increased over time of stimulation,
particularly when LNC-8 cells were activated with MBP and
spleen cells . In experiment 1 (Table 1), the amount of cytotoxic activity in supernatants after antigen stimulation was
256 U at 8 h,1,024 U at 24 h, and 2,048 U at 48 h. Northern
blots of RNA prepared from LNC 8 cells activated under
all conditions of Table 1 were positive for both IT and
TNF-at mRNA, with usually higher accumulations of IT
mRNA, as in Fig. 2. Though it is not possible to distinguish between IT and TNF-a in the biologic assay, it is likely
that the WEHI 164 killing in the experiments reported here
is due to both cytokines since the activated LNC-8 cells made
both mRNAs . In other studies, we have observed that the
kinetics of IT and TNF-a mRNA production can vary in
individual T cell clones, and the cytotoxic activity attributable
to the individual cytokines varies with activation time .
Neutralization ofLNC-8 Cytotoxic Activity byAnti-LT/TNEa
Antibody. In a previous publication (18), we described a hamster mAb, TN3 .19.12, that reacts both with IT and TNF-a
derived from supernatants of T cell clones and with TNF-a
derived from macrophage culture supernatants . This antibody
also neutralized the cytotoxic activity secretedby LNC-8 cells,
indicating that the WEHI 164 killing activity is due to IT
and/or TNF-cx . TN3 .19 .12 anti-LT/TNF-at antibody completely neutralized WEHI 164 cytotoxic activity of supernatants obtained after all methods of activation of LNC-8 cells,
including antigen plus spleen cells (Fig. 3), Con A, and antiCD3 antibody.
Inhibition of Transfer ofEAE by LNC-8 by Treatment of Recipient Mice with Anti-LT/TNF-a Antibody. LNC-8 cells are
potent mediators of EAE . When 1 .5 x 107 cells are injected

LNC-8 Cells Produce LT/TNF After Activation
Stimulating agent"

LT/TNFt

1

MBP/SC
Con A

0
256
32,000

2

MBP/SC
Anti-CD3

2
512
25,600

' LNC-8 cells were incubatd for 8 h in growth media plus 10% FCS.

Conditions of stimulation were as indicated in Materials and Methods.
.
Exp. 1, MBP concentration was 25 lAg/ml; Exp. 2, MBP was 100 /~g/ml
t LT/TNF units were determined by cytotoxic effect against WEHI 164
cells.
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Figure 2. LNC-8 cells produce TNF-oa and LT (TNF-0) mRNA.
Northern blot analysis of total RNA (20,ug) obtained from unstimulated
murine L cells and from SJL splenocytes and LNC-8 cells after 8-h exposure to 5 Etg/ml Con A, hybridized with TNF-a cDNA (A), LT cDNA
(B), or /3-actin cDNA (C), and exposed with intensifying screens for
15 h (A), 2.5 h (B), or 30 min (C) to XAR5 film .

LT / TNFcx UNITS

Figure 3. Hamster anti-LT/TNF-a mAb TN3 .19.12 neutralizes cytotoxic activity in supernatants obtained from LNC-8 cells. Supernatant obtained from LNC-8 cells after incubation for 24 h with MBP and irradiated SJL spleen cells contained 1,024 U LT/TNF-a . The supernatant was
diluted to 64 U and incubated in complete medium (0) or 850 ng
TN3 .19.12 (M) for 1 h at 37°C, and then added to WEHI 164 cells. Cytotoxicity was evaluated at 44 h.

intraperitoneally or intravenously, -90% of the recipients
develop clinical signs of severe EAE, usually within 7 d. Approximately 75% of the mice die. When lower numbers of
LNC-8 cells are injected, the disease is not as debilitating,
resulting in somewhat less severe clinical signs, fewer deaths,
and delayed onset .
When mice that received LNC-8 cells were treated with
the anti-LT/TNF-ac mAb TN3 .19 .12, symptoms and severity

Table 2.

of EAE were alleviated . In five different experiments (Table
2, protocol A), groups of four or five mice were injected with
7.5-9 x 106 LNC-8 cells intraperitoneally, and then treated
48 h later with a single intraperitoneal injection of 300 ug
TN3 .19.12, PBS, or a control hamster mAb, L2D39. Mice
were evaluated daily for clinical signs of EAE for 3 wk . Treatment with anti-LT/TNF-a resulted in a dramatic reduction
in the severity of clinical symptoms (Table 2). The effect of
anti-LT/TNF-a treatment on the course of the disease is most
apparent when the average disease scores of TN3 .19 .12-treated
and control groups are compared. The average highest group
score of mice that received 7.5-9 x 106 LNC-8 cells and
PBS or the control hamster monoclonal L21339 was 2 .6 or
2 .2, respectively, while the average highest group score of
mice that received TN3 .19 .12 was 0 .9, which is actually below
clinically detectable disease (Table 2). These results are highly
significant (p < 0 .001) when TN3.19.12-treated mice were
compared with PBS-treated mice by student's t test. L2D39
control (hamster antibody) treatment did not significantly
affect the progression of the disease (p < 0.252) . Those mice
that did develop disease in the group receiving cells and
TN3.19.12 developed clinical signs slightly later than did the
control mice, and this disease was less severe. Those TN3.19.12treated mice that did develop clinical signs had an average
maximum disease score of 2, compared with 3 .7 for mice
that were treated with control antibody and developed clinical signs. In an additional experiment (Table 2, protocol B),
1 .2 x 107 cells were injected intravenously in groups of 9
or 10 mice. In this experiment, a higher dose (1 mg) of antiLT/TNF-cx and a different control antibody (111311, antiIL-4) were used. The more severe disease that was induced with

Treatment of Mice with Anti-LT/TNF-a Antibody Reduces EAE Severity
Antibody treatment

Protocol

A (7-9 x 106 LNC-8
cells i .p .)

B (1 .2 x 107 LNC-8
cells i .v .)

Antibody

n

Antibody specificity

Day of onset"

Average disease#

0.3
0.3

PBS
L2D39
TN3 .19.12

10
15
21

Anti-LT/TNF-a

6.2 ± 0.3
7.8 ± 1 .0
8.6 ± 0.7

2.6 ± 0.4
2.2 ± 0.7
0.9 ± 0.3

1
1

PBS
111311
TN3 .19.12

9
4
10

Anti-IL-4
Anti-LT/TNF-a

7.1 ± 0.9
7.5 ± 0.5
7.0 ± 0 .0

3.9 ± 0.6
3.3 ± 1.6
0.2 ± 0.1

Amount
mg

p < 0.001 when 0.3 mg TN3.19.12 mice are compared with PBS-injected mice. p < 0 .2521 when L2D39 mice are compared with PBS-injected
mice . p < 0.00035 when 1 mg TN3 .19.12-treated mice are compared with PBS mice . Protocol A was a summary of five separate experiments with
four to five mice per group. Protocol B was one experiment .
` Average day of onset ± SEM of clinical signs of EAE.
Average disease per group ± SEM. Mice were graded on a scale of 0-5, as indicated in Materials and Methods.
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Figure 4. Anti-LT/TNF-a antibody treatment alleviates histologic signs of EAE . Analysis of spinal cord stained with hematoxylin and eosin. (a)
Tissue section 9 d after injection of 9 x 106 LNC-8 cells and 7 d after PBS. Note perivascular infiltrate. (b) Tissue section 9 d after injection of 9
x 106 'LNC-8 cells and 7 d after injection of 300 jug TN3 .19.12 . Note absence of infiltrate.
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Figure 5 . The alleviation of clinical signs of. EAE induced by treatment
with anti-LT/TNF-a antibody is persistent . Mice were injected with 7 .5
x 106 LNC-8 cells intraperitoneally. 2 d later, one group of mice received
PBS (+), and one group received 300 Ag anti-LT/TNF-ca antibody
TN3 .19 .12 (Q) . Mice were evaluated for clinical signs of EAE daily for
3 wk, and then three times a week for an additional 4 mo .

this dose of cells was dramatically inhibited with one injection of anti-LT/TNF-or. As indicated in Table 2, the average
disease score was 3.9 for the PBS-treated group; 3.3 for the
anti-Ilr4-treated group, and 0.2 for the anti-LTTNF-a treated
group (the latter score again below clinically detectable disease) . The incidence of disease was also reduced from 89%
in the PBS treated group to 20% in the anti-LT/TNFLu group.
The highest score of disease was 1 in this group.
Histological evaluation of mice that received LNC-8 cells
and TN3 .19 .12 that remained clinically normal revealed that
some of these mice showed no evidence of cellular infiltration or abnormality, while others showed meningeal infiltration and mild perivascular cuffing . All mice from the group
that received LNC-8 cells and control antibodies or PBS that
were examined had histologic signs of cuffing and infiltration consistent with their clinical signs (Fig. 4) .
The inhibition oftransfer of EAE by treatment with antiLT/TNF-a antibody was long lived. Several groups of mice
were observed for 2-3 mo. None developed disease if it bad
not occurred by day 12. In the representative experiment
depicted in Fig. 5, mice were observed for 5 mo after receipt
of 7.5 x 106 LNC-8 cells and antibody or PBS . The only
mouse in the group of five that received both cells and
TN3 .19 .12 to develop clinical signs had a limp tail (grade
1) from day 7 through day 26 and then recovered . Neither
it nor any of the other mice in the antibody-treated group
developed any further symptoms. In the control group (five
mice) that received cells and PBS, four developed clinical signs,
one ofthese died on day 12, and the others eventually recovered .
Discussion
The data presented here implicate IT and TNF-a in the
passively transferred autoimmune neurological disease EAE .
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We demonstrate that a MBP-specific T cell line produces IT
and TNF-a cytotoxic activity after activation with any of
several different agents. The biologic activity is neutralized
by an anti-LT/TNF-a antibody. The ability of LNC-8 cells
to transfer EAE into naive mice is prevented if those mice
are treated with the anti-LT/TNF-a antibody, but not with
control antibodies. The use of an antibody that completely
neutralizes both IT and TNF-a may be important since both
cytokines are made by LNC-8 cells after activation with MBP,
the relevant neuroantigen in this model of EAE . Absolute
certainty that only one or the other cytokine is involved will
only come with mAbs that distinguish between the murine
forms. These are not yet available, and the polyclonal antibodies that we have tested in vitro are variable and inconsistent. It is particularly relevant to the human situation that
we were able to inhibit the transfer of EAE by a cell line
that contains at least two T cell populations that utilize
different TCR O genes. This suggests that these experiments
may be broadly relevant to the human situation where, even
though particular TCR(3 genes may be preferentially utilized by siblings with MS (29), the actual gene(s) have not
yet been identified . It is likely that the number of TCR(3
genes utilized in this disease by the highly polymorphic human
population is limited, but it is certainly greater than one.
The studies reported here are the first antibody neutralization experiments of EAE that provide insight into the identity ofthe mediators of the disease . The extent ofprevention
of transfer of EAE was dependent on the dose of anti-LT/
TNF-a antibody used, and these doses (0.3 or 1 mg) were
comparable with or less than those used in experiments with
other antibodies to inhibit transfer or development of EAE .
Sriram et al. (30) used three injections of 3 mg of anti-I-A
antibodies on successive days before and after injection ofencephalitogenic T cell clones to inhibit transfer ofEAE . Urban
et al. (31) injected 5001.Ag antiV08 antibody to prevent development ofEAE, and Acha Orbea et al . (15) used two 100ttg injections of anti-VO8 antibody to inhibit T cell transfer
of disease. In the previous experiments, the design was based
on preventing T cell activation (30) or a major component
of the T cell repertoire (15, 31). The experiments reported
here represent a different approach to EAE; that is, TN3 .19 .12
inhibits the activity of mediators that are produced in vivo
after stimulation of an antigen-specific population ofeffector
T cells.
The mechanism by which the anti-LT/TNF-a antibody
prevents the transfer ofEAE is under investigation . It is possible that the antibody inhibits the disease in part bybinding
to and eliminating TNF-bearing T cells . This possibility is
raised by the identification of membrane-bound TNF on a
murine CTL clone with a polyclonal rabbit antiTNF antibody (32), and the demonstration of TNF/cachectin on activated normal human T cells with an anti-TNF mAb (33).
We do not believe that this is the most likely explanation
for our results, because we have not been able to detect membrane TNF from macrophage lysates with TN3 .19 .12 (18),
though we were able to detect a high molecular weight species from membranes ofPU.5.1.8 with a polyclonal antibody
(T. James and N. Ruddle, unpublished results) . Moreover,
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we have not been able to demonstrate surface staining by FACS
with TN3 .19 .12 of LNC-8 cells treated identically to those
used in the transfer studies. Maximum staining of 106 cells
treated with 1, 10, or 100 pg/ml TN3 .19 .12 and a rabbit
anti-hamster fluoresceinated antibody was 3.1%; under the
same conditions, 94% of the cells were positive by anti-CD3 .
Because the concentration of TN3 .19 .12 antibody used in
FACS experiments was comparable with that used in the in
vivo experiments (i.e., 300 pg/7 x 106 cells), we believe it
is unlikely that elimination of TNF-bearing cells is the mechanism . Nevertheless, this possibility exists and is under investigation in in vivo experiments with labeled cells . Histological analysis of tissue from mice that have received LNC-8
cells and TN3 .19.12 has revealed that some treated, clinically
normal mice had minimal evidence of cellular infiltrates, while
others did not . Thus, the antibody may inhibit transfer at
various stages by inhibiting several different activities of the
IT and TNF-a secreted by LNC-8 cells . These activities involve a number of effects relevant to the pathogenesis of EAE,
including an increase in MHC determinants on endothelial
cells (34), an alteration of central nervous system permeability,

and an influx of inflammatory cells through an increase in
cell adhesion molecules on the endothelium (34) or astrocytes (35) . Cytokines produced by these inflammatory cells
may also directly affect the myelin sheath and influence viability of oligodendrocytes (8) . TN3 .19 .12 antibody could inhibit any of these activities by directly neutralizing secreted
IT and TNF-a . Further insight into these questions will derive from experiments underway designed to reverse established disease . Whatever the mechanism(s) by which this antibody inhibits transfer of EAE, this study demonstrates that
inhibition of IT and TNF-ct biologic activity prevents transfer
of the symptoms of a severe an often fatal neurologic disease.
These studies suggest a role for these cytokines or cells that
express them in some neurologic diseases. If the transfer of
disease in the EAE model is inhibited through inhibiting IT
or TNF-ot activity, the studies point the way for the development of TNF antagonists in such disease. The recent cloning
of a receptor for IT and TNF-ot (36, 37) elicits cautious optimism regarding feasibility of therapy for cytokine-mediated
neurologic disease.

We thank Timothy San for transporting cells, Jay K. Amin for his excellent technical assistance, Dr. Kim
Bottomly (Yale University) for mAb YCD3-1, Dr. Edward Lattime (Memorial Sloan Kettering) for WEHI
164 cells, Dr. Bruce Bender (University of Texas at Dallas) for TNF-a cDNA, and Dr. Don Cleveland
(Johns Hopkins University) for a-actin cDNA. We thank Drs . Robert Schreiber and Kathleen Sheehan
(Washington University) for their interest in this project and generous gift of TN3 .19 .12 anti-LT/TNF-cce
mAb, which was socrucial to its success. We are grateful to Frances Larvey for expert manuscript preparation .
This work was supported by National Institutes of Health grant CA-16885, a National Multiple Sclerosis
Society Grant (PP0122), and a small Instrumentation grant (1515-CA 8886) (NHR) ; a grant from the
National Multiple Sclerosis Society (RF 1386-C-3) (RBC); an NIH Multipurpose Arthritis Center grant
(AM-20621) (RBC; SJP) ; and an NIH First Award (AR/AI 39361) (SJP) .
Address correspondence to Nancy H . Ruddle, Department of Epidemiology and Public Health, Yale University School of Medicine, 60 College Street, PO. Box 3333, New Haven, CT 06510.
Received for publication 2 April 1990 and in revised form 2 July 1990.

References
1 . Brosnan, C.F., K . Selmaj, and C.S. Raine. 1988 . Hypothesis :
a role for tumor necrosis factor in immune-mediated demyelination and its relevance to multiple sclerosis .J Neuroimmunol.
18:87 .
2 . Price, R .W, B. Brew, J . Sidtis, M . Rosenblum, A.C. Scheck,
and P Cleary. 1988 . The brain in AIDS: central nervous system
HIV-1 infection and AIDS dementia complex . Science (Wash .
DC). 239:586 .
3 . Paul, N .L., and N.H. Ruddle. 1988 . Lymphotoxin . Annu. Rev.
Immunol. 6 :407 .
4. Wong, G.H ., and D.V. Goeddel . 1986 . Tumor necrosis factor
ct and Q inhibit virus replication and synergize with interferons .
Nature (Lon4 323 :819.
5 . Beutler, B., and A. Cerami. 1986 . Cachectin and tumor necrosis
factor as two sides of the same biological coin. Nature (Lond.) .
320 :584.
1199

Ruddle et al.

6 . Grau, G.E., L.F. Fajardo, P.-F. Piguet, B. Ailet, P.H . Lambert, and P. Vassalli . Tumor necrosis factor (cachectin) as an
essential mediator in murine cerebral malaria . Science (Wash .
DC). 237 :1210.
7 . Ellison, G.W, B.H . Waksman, and N .H . Ruddle . 1971 . Experimental autoallergic encephalomyelitis and cellular hypersensitivity in vitro . Neurology. 21:778 .
8 . Selmaj, K., and C.S . Raine. 1988 . Tumo r necrosis factor
mediates myelin and oligodendrocyte damage in vitro. Ann .
Neurol. 23 :339.
9 . Hofman, F.M., D.R . Hinton, K. Johnson, and J .E. Merrill.
1989 . Tumor necrosis factor identified in multiple sclerosis brain .
J. Exp Med. 170:607.
10 . Ratner, L., S .H. Polmar, N . Paul, and N . Ruddle . 1987 . Cytotoxic factors secreted by cells infected with human immunodeficiency virus type 1 . AIDS Res. Hum . Retroviruses.

3:147 .
11 . Kronke, M., G. Hensel, C. Schulter, C. Schemich, S. Schultze,
and K. Pfizenmaier. 1988 . Tumor necrosis factor and lymphotoxin gene expression in human tumor cell lines. Cancer
Res. 48 :5417.
12 . Tschachler, E., M. Robert-Guroff, R.C . Gallo, and M.S . Reitz.
1989 . Human T lymphotropic virus I-infected T cells constitutively express lymphotoxin in vitro. Blood. 3 :194 .
13 . Tang, W.-L., S. Fashena, L. Steinman, M.B. Powell, and N.H .
Ruddle. 1989 . Lymphotoxin: regulation at the molecular and
biological levels. In Molecular and Cellular Mechanisms of
Human Hypersensitivity and Autoimmunity. Alan R. Liss,
Inc., New York. 183-187.
14 . Powell, M.B., D. Mitchell, J. Lederman, J. Buchmeier, S .S.
Zamvil, M. Graham, N.H . Ruddle, and L. Steinman . 1990 .
Lymphotoxin production by myelin basic protein specific T
cell clones correlates with encephalitogenicity. International Immunology. 2:539.
15 . Acha-Orbea, H.D ., J. Mitchell, L. Timmerman, D.C. Wraith,
G.S . Tausch, M.K. Waldor, S.S. Zamvil, H.O . McDevitt, and
L. Steinman . 1988 . Limited heterogeneity of T cell receptors
from lymphocytes mediating autoimmune encephalomyelitis
allows specific immune intervention . Cell. 54 :263 .
16 . Portoles, P., J. Rojo, A. Golby, M. Bonneville, S. Gromkowski,
L. Greenbaum, C. Janeway, Jr., D.B. Murphy, and K. Bottomly. 1989 . Monoclonal antibodies to murine CD3e define
distinct epitopes, one of which may interact with CD4 during
T cell activation . J. Immunol. 142:4169 .
17 . Green, L.M ., M.L . Stern, D.L . Haviland, B.J . Mills, and C.E .
Ware. 1985 . I. Cytotoxins produced by antigen-specific and
natural killer-like CTL are dissimilar to classical lymphotoxin .
J. Immunol. 135:4034.
18 . Sheehan, K.C .F., N.H . Puddle, and R.D. Schreiber. 1989 .
Generation and characterization of hamster monoclonal antibodies that neutralize murine tumor necrosis factors. J. Immunol. 142:3884.
19 . Chirgwin, J.B., A.E . Przybyla, R.J . MacDonald, and W.J .
Rutter. 1979 . Isolatio n of biologically active ribonucleic
acid from sources enriched in ribonuclease. Biochemistry. 18 :5294.
20 . Caput, D., B. Beutler, K. Hartog, R. Thayer, S. Brown-Shimer,
and A. Cerami . 1986 . Identification of a common nucleotide
sequence in the 3' untranslated region of mRNA molecules
specifying inflammatory mediators. Proc. Natl. Acad. Sci. USA .
83 :1670.
21 . Li, C.-B., P.W. Gray, P.-F. Lin, K.M . McGrath, F.H . Ruddle,
and N.H . Ruddle. 1987 . Cloning and expression of murine
lymphotoxin cDNA . J. Immunol. 138:4496.
22 . Cleveland, D.W., M.A. Lopata, R.J . MacDonald, NJ . Cowan,
W.J . Rutter, and M.W. Kirsher. 1980 . Number and evolutionary conservation of a and (3-tublin and cytoplasmic a- and
,y-actin genes using specific cloned cDNA probes . Cell . 20 :95.
23 . Feinberg, A.P., and B. Vogelstein . 1984 . A technique for radiolabeling DNA restriction endonuclease fragment to high
specific activity-addendum. Anal. Biochem . 137:266-267 .
24 . O'hara, J., and WE . Paul. 1985 . Production of a monoclonal
antibody to and molecular characterization of B cell stimulatory factor-1 . Nature (Lond.). 315 :333 .

1200

25 . Sakai, K., S.S. Zamvil, D.J . Mitchell, N . Lim, J.B . Rothbard,
and L. Steinman . 1988. Characterization of an encephalitogenic Tcell epitope in SJL/J mice with synthetic oligopeptides of myelin basic protein. J. Neuroimmunol. 19:21.
26 . Sakai, K., A.A . Sinha, D.J . Mitchell, S.S . Zamvil, J.B. Rothbard, H.O. McDevitt, and L. Steinman . 1989 . Involvement
of distinct murine T-cell receptors in the autoimmune en
cephalitogenic response to nested epitopes of myelin basic protein . Proc. Nad. Acad. Sci . USA . 85 :8608.
27 . Muller, U., CV. Jongeneel, S.A. Nedospasov, K.F. Lindahl,
and M. Steinmetz. 1987 . Tumor necrosis factor and lymphotoxin genes map close to H-2D in the mouse major
histocompatibility complex. Nature (Lon4 3225 :265 .
28 . Ruddle, N .H ., C.-B. Li, W.-L. Tang, P.W. Gray, and K.M .
McGrath. 1987 . Lymphotoxin: cloning, regulation and mechanism of killing. Ciba Foundation Symposium no . 131. John
Wiley & Sons, Inc., New York . 64-82.
29 . Seboun, E., M.A . Robinson, TH . Doolittle, TA . Ciulia, T.J .
Kindt, and S.L . Hauser . 1989 . A susceptibility locus for multiple sclerosis is linked to the T cell receptor (3 chain complex.
Cell. 57 :1095.
30 . Sriram, S., D.J . Topham, and L. Carroll. 1987 . Haplotypespecific suppression of experimental allergic encephalomyelitis
with anti-IA antibodies . J. Immunol. 138:1485.
31 . Urban, J.L ., V. Kumar, D.H . Kono, C. Gomez, S.J . Horvath,
J. Clayton, D.G . Ando, E.E . Sercarz, and L. Hood. 1988 . Restricted use of T cell receptor genes in murine autoimmune
encephalomyelitis raises possibilities for antibody therapy. Cell.
54 :577 .
32 . Liu, C.-C., P.A. Detmers, S. Jang, and J.D.E . Young. 1989 .
Identification and characterization of membrane-bound cytotoxin of murine cytolytic lymphocytes that is related to tumor
necrosis factor/cachectin . Proc Natl. Acad. Sci. USA . 86 :3286.
33 . Kinkhabwala, M., P. P. Psehajpal, E. Skolnick, D. Smith, V.K .
Sharma, H. Vlassara, A. Cerami, and M. Suthanthiran . 1990 .
A novel addition to the T cell repertory cell surface expression
of tumor necrosis factor/cachectin by activated normal human
T cells. J. Exp. Med. 171:941 .
34 . Pober, J.S ., L.A . Lapierre, A.H . Stolpen, TA . Brock, TA .
Springer, W. Fiers, M.P. Bevilacqua, D.L . Mendrich, and M.
Gimbrone . 1987 . Activation of cultured endothelial cells by
recombinant lymphotoxin : comparison with tumor necrosis
factor and interleukin 1 species. J. Immunol. 138:3319.
35 . Frohman, E.M ., T.C . Frohman, M.L . Dustin, B. Vayuvegula,
B. Choi, A. Gupta, S. van den Noort, and S. Gupta. 1989 .
The induction of intercellular adhesion molecule 1 (ICAM-1)
expression on human fetal astrocytes by interferon-y, tumor
necrosis factor a, lymphotoxin, and interleukin-1: relevance
to intracerebral antigen presentation . J. Neurol. 23 :117 .
36 . Loetscher, H., Y.-C.E . Pan, N.-W. Lahm, R. Gentz, M.
Brockhaus, H. Tabachi, and W Lesslauer. 1990 . Molecular
cloning and expression of the human 55 kd tumor necrosis
factor receptor. Cell. 61 :351 .
37 . Schall, TJ ., M. Lewis, K.J . Koller, A. Lee, G.C. Rice, G.H.
Wong, T. Gatanaga, G.A . Granger, R. Lentz, H. Raab, W.J.
Kohr, and D.V. Goeddel. 1990 . Molecular cloning and expres
sion of a receptor for human tumor necrosis factor. Cell. 61 :361.

Tumor Necrosis Factors and Encephalomyelitis

