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Abstract

Multiple sclerosis (MS) brain tissue, spleen, and PBMC were
studied using immunocytochemistry and FACS® for immunore-
activity for lymphotoxin (LT) and TNF. Both cytokines were
identified in acute and chronic active MS lesions but were ab-
sent from chronic silent lesions. LT was associated with CD3*
lymphocytes and Leu-M5* microglia cells at the lesion edge
and to a lesser extent, in adjacent white matter. TNF was asso-
ciated with astrocytes in all areas of the lesion, and with foamy
macrophages in the center of the active lesion. In acute lesions,
immunoreactivity for TNF in endothelial cells was noted at the
lesion edge. No LT or TNF reactivity was detected in Alz-
heimer’s or Parkinson’s disease brain tissues but was present at
lower levels in central nervous system (CNS) tissue from other
inflammatory conditions, except for adrenoleucodystrophy
which displayed high levels of LT in microglia. No increase in
LT and TNF reactivity was detected in spleen and PBMC of
MS patients suggesting specific reactivity within the CNS.
These results indicate that LT and TNF may be involved in the
immunopathogenesis of MS, and can be detected in both inflam-
matory cells and cells endogenous to the CNS. (J. Clin. Invest.
1991. 87:949-954.) Key words: cytokines » demyelination » glial
cells « lymphocytes ¢ central nervous system

Introduction

Multiple sclerosis (MS)! is a disease of the central nervous sys-
tem (CNS) that is characterized pathologically by areas of pri-
mary demyelination in the vicinity of a mononuclear cell peri-
vascular inflammatory reaction. Although the etiology of the
disease remains unknown, studies from various animal model
systems strongly support the notion that cell-mediated im-
mune reactions against myelin antigens contribute to the dis-
ease process (1). However, the mechanism by which a cell-me-
diated immune response might lead to myelin damage remains
to be defined.
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Recently, studies both in vivo and in vitro have implicated
a role for the cytotoxic cytokine, TNF, in the pathology of the
primary demyelinating diseases. In MS lesions, immunoreac-
tivity for TNF has been reported in association with astrocytes
and macrophages (2), and a potential role for TNF in the de-
myelinating process has been suggested by reports from this
laboratory that TNF is cytotoxic for oligodendrocytes in cul-
ture and induces a delayed onset degradation of myelin in or-
ganotypic cultures of nervous tissue (3). Further studies (un-
published observation), however, have indicated that oligoden-
drocytes are even more sensitive to the highly homologous
cytokine, lymphotoxin (LT), but to date, no studies have ad-
dressed the potential involvement of LT in MS lesions. In this
report, we present data that show the presence of immunoreac-
tivity for LT in active MS lesions in association with both lym-
phocytes and cells endogenous to the CNS.

Methods

Tissue samples. Early (< 6 h) postmortem material was obtained from
14 MS cases. 1-4 blocks with MS plaque(s) and adjacent white matter
were studied from each case. 2 groups of controls were used: 3 CNS
tissue samples from patients who died of nonneurological diseases and
without pathologic changes within the CNS, and 7 CNS tissue samples
from patients who died with other neurological diseases: 3 with Alz-
heimer’s disease; 1 with Parkinson’s disease; 1 with tropical spastic
paraparesis (TSP); 1 with subacute sclerosing panencephalitis (SSPE),
and 1 with adrenoleucodystrophy (ALD). Spleen tissue was obtained
from 3 of the MS cases and 2 normal patients. Tissue obtained during
autopsy was embedded in optimal cooling temperature compound
(Miles Laboratories Inc., Elkhart, IN) and stored at —70°C.

Immunocytochemistry. Acetone-fixed frozen sections were stained
using the avidin-biotin-peroxidase-complex technique (ABC; Vector
Laboratories, Inc., Burlingame, CA) (4). Briefly, sections were air dried
for 60 min and then fixed in acetone for 10 min at 4°C. After blocking
with 0.03% hydrogen peroxide and serum, the sections were incubated
with primary antibody overnight at 4°C at the appropriate dilution.
Secondary biotinylated antibody (horse anti-mouse IgG or goat anti-
rabbit IgG) was applied for 60 min at room temperature followed by
the ABC reagent for another 60 min. 3,3-diaminobenzidine (DAB)
(Dako Corp., Carpinteria, CA) was used as a chromogen. Some sec-
tions were counterstained with hematoxylin. For double staining, anti-
glial fibrillary acidic protein (GFAP), anti-CD3, anti-LeuMS5, or Ulex
were used with the ABC technique with DAB and NiCl, as the chromo-
gen, which yielded a blue reaction product to contrast with the brown
DAB color. Controls consisted of normal rabbit serum and omission of
the primary antibody. Frozen sections of spleen tissue were used as a
positive control for cytokine reactivity.

Antibodies. The following mono- and polyclonal antibodies were
used for immunocytochemical staining and for FACS® analysis: mouse
MAD against human CD3 (1:100; Becton Dickinson & Co., Mountain
View, CA), MAb against human TNF (1:50; Olympus Corp., Lake
Success, NY), polyclonal rabbit anti-human TNF (1:100; Genzyme
Corp., Boston, MA), MAD against human LT (1:2; Boerhinger Mann-
heim Inc., Indianapolis, IN), rabbit polyclonal anti-human LT (1:100;
Genzyme Corp.), polyclonal rabbit anti-human GFAP (1:200; gift of
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Dr. J. Goldman, Columbia University, NY), mouse monoclonal anti-
LeuM-5 (1:5; Becton Dickinson & Co.), Ulex (1:100; Europaeus aggluti-
nin, Vector Laboratories, Inc.). According to the information provided
by the vendors, the antibodies to LT and TNF did not show cross-reac-
tivity with each other or with other cytokines.

Peripheral blood mononuclear cell isolates. 14 MS patients, 12 with
chronic progressive disease and 2 with remitting relapsing disease, were
used for FACS® analysis. All patients were in a clinically active period
of disease at the time of study. Diagnosis of MS included magnetic
resonance imaging and fulfilled accepted diagnostic criteria for MS (5).
8 controls consisting of healthy volunteers of similar age and sex distri-
bution as the MS patients were assayed. Blood was withdrawn from the
cubital vein directly into Leuco Prep cell separation tubes (Beckton
Dickinson & Co.) and centrifuged at 1,600 g at room temperature.

Immunofluorescent staining and FACS® analysis. PBMC isolated
from MS patients and control subjects were stained by an indirect
immunofluorescence method. Briefly, 1 X 10° cells per sample were
incubated with primary unlabeled mAb against LT and TNF for 60
min at room temperature, followed by goat anti~-mouse IgG conju-
gated with fluorescein, diluted 1:20 for another 60 min. After 2X wash-
ing in PBS, cells were analyzed using the FACS®.

Results

Morphology of LT and TNF* cells in MS lesions. Cells that
showed positive immunoreactivity for LT presented with two
types of morphology (Fig. 1). The first type was lymphocyte-
like (Fig. 1 A) and the second type had a microglia-like mor-
phology (Fig. 1 B). Lymphocyte reactivity for LT was con-
firmed using a double-staining procedure with anti-CD?3 anti-
body (Fig. 1 C) and microglial reactivity for LT was confirmed
using a double-staining procedure with anti-LeuM-5 antibody
(Fig. 1 D).

The TNF* cells in MS plaques presented with three types of
morphology (Fig. 2). The majority of these had an astrocyte-
like morphology (Fig. 2 A) and astrocyte reactivity for TNF was
confirmed in a double-staining procedure with anti-GFAP an-
tibody (Fig. 2 B). However, TNF* immunoreactivity was not
detected in the astrocytic perivascular endfeet. The second type
had the morphology of foamy macrophages (Fig. 2 C) and this
was confirmed by double staining with anti-LeuM-5. The third
type was endothelial cells. This staining of endothelial cells was
rare but could be distinguished from TNF*, LeuM-5* macro-
phages occasionally present in the perivascular cuffs (Fig. 2 D).
Endothelial cell staining was confirmed by double staining
with Ulex (data not shown). In Alzheimer’s and Parkinson’s
disease brain tissue, no LT* or TNF* cells were identified in
any of the sections. In three other conditions with an inflamma-
tory component (TSP, SSPE, and ALD), a lower level of TNF
reactivity than in MS tissue was present in inflammatory cells
in all cases. However, positive reactivity for LT was only noted
in SSPE and in occasional inflammatory cells in ALD. Microg-
lia were strongly positive for LT in ALD, showed very weak
reactivity for LT in SSPE, and were negative for LT in TSP.
Astrocytes were occasionally weakly positive for TNF in TSP,
ALD, and SSPE, with reactivity associated primarily with cell
processes rather than the cell body.

LT* and TNF* cells in MS lesions and correlation with
lesion activity: LT cells were identified in 44/63 lesions (11/14
MS cases), and TNF* cells in 41/63 lesions (12/14 cases). To
define the distribution of these cells in MS tissue, the lesions
were classified into three categories: acute, chronic active, and
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chronic silent, according to accepted criteria of the extent and
intensity of the inflammatory cell infiltrates (6).

Acute MS plaques. LT* and TNF* cells were identified in
all acute plaques studied (Table I). LT* cells were located pri-
marily at the lesion edge with LT* lymphocytes clustered in
perivascular cuffs and LT* microglia distributed along the
border of the demyelinated lesions and in the surrounding ad-
jacent white matter. In contrast, TNF* immunoreactivity
could be detected in all areas of the lesion (Table I). In the
lesion center, this immunoreactivity was primarily localized to
foamy macrophages. At the lesion edge and in adjacent white
matter, TNF* immunoreactivity was localized in astrocytes.
TNF* reactivity in endothelial cells was detected only in acute
lesions and only at the lesion edge.

Chronic active plaques. LT* and TNF* cells were also iden-
tified in all chronic active plaques examined (Table I; and see
below). LT* lymphocytes were detected in perivascular cuffs at
the lesion edge. LT* microglia were also present at the lesion
edge but positive immunoreactivity in adjacent white matter
was not as prominent as in acute lesions. In the lesion center,
TNF* astrocytes and TNF* macrophages were present in sub-
stantial numbers. TNF* astrocytes were also numerous at the
lesion edge, and occasionally occurred in adjacent white
matter.

Chronic silent plaques. No LT* lymphocytes were detected
in chronic silent plaques. Only occasional microglia showed
positive immunoreactivity for LT at the lesion edge and in
adjacent white matter (Table I). TNF* cells were rare and con-
sisted only of occasional foamy macrophages.

Quantitation of LT* and TNF* cells in MS lesions. To
define more accurately the distribution of immunoreactivity
for LT and TNF, different cell types were counted in different
areas of chronic active lesions (Fig. 3). Chronic active lesions
were chosen for these studies because the different areas of the
lesion can be easily defined and inflammatory cells are numer-
ous. The data show that in CD3* lymphocytes at the edge of the
lesion and in adjacent white matter, 90 and 85%, respectively,
reacted with anti-lymphotoxin antibodies. In the center of the
lesion, however, only 37% of the CD3* lymphocytes showed
LT immunoreactivity. In Leu-M5* microglia at the lesion edge
and in adjacent white matter, the numbers were 75 and 40%,
respectively, for LT* immunoreactivity. In the lesion center,
no typical microglia were detected and Leu-M5* immunoreac-
tivity was associated with foamy macrophages. In these cells,
93% reacted positively with antibodies to TNF. No foamy mac-
rophages were detected outside the lesion center. In GFAP*
astrocytes, immunoreactivity for TNF was identified in all ar-
eas of the lesion with 24.5% positive in the lesion center, 45%
positive at the lesion edge, and 20% positive in the adjacent
white matter.

LT* and TNF* cells in MS and normal spleen. The occur-
ence of mononuclear cells that showed positive immunoreactiv-
ity for LT and TNF was infrequent and did not differ in spleen
from patients with MS from that found in control spleen.
There was no evident overlap between TNF* and LT™ cells in
MS and normal spleen.

LT* and TNF* cells in peripheral blood mononuclear cells.
To assess the potential reactivity of PBMC for these cytokines,
14 MS patients and 8 controls were studied by FACS® analysis.
All MS patients were defined as clinically active at the time of
study. The percentage of PBMC of MS patients that reacted
with anti-LT antibodies was almost exactly the same as in con-
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Table I. Distribution of LT and TNF Reactivity within MS Lesions

Localization
Adjacent white
Center Edge matter
Type of lesion LT TNF LT TNF LT TNF
Acute — 8 19 17 17 14
(n=19)
Chronic active — 12 20 19 20 18
(n =20)
Chronic silent — 3 5 — 5 —
(n=24)

trols (2.45%=+0.8 vs. 2.87%+1.4; P > 0.05). The percentage of
TNF™ cells in PBMC of MS patients was slightly but insignifi-
cantly higher than in controls (4.44%+*1.1 vs. 2.6%+1.6; P
> 0.05). Although these results were generated from a different
group of MS patients than those studied by immunohistoche-
mistry of CNS tissue, they suggest that disease activity is not
associated with increased reactivity of PBMC for LT and TNF.

Discussion

The results of this study provide, for the first time, evidence
that LT is present in MS lesions. The presence of LT was asso-
ciated with acute and chronic active plaques suggesting its in-
volvement in lesion formation. The highly homologous cyto-
kine, TNF, was also detected in MS lesions of similar activity.
These cytokines could be identified using either polyclonal or
monoclonal antibodies to both cytokines but reactivity was
always more intense with the polyclonal antibodies. Reactivity
was noted principally with cells at the edge of the lesions, but
showed different patterns of cellular localization. Antibodies to
LT reacted with CD3* lymphocytes and microglial cells,
whereas antibodies to TNF reacted with astrocytes and foamy
macrophages in active lesions, and infrequently with endothe-
lial cells at the lesion edge in acute lesions. Quantitation of LT*
and TNF™ cells in the spleen and peripheral blood by immuno-
cytochemistry and FACS® analysis demonstrated no elevation
in the number of these cells in MS, suggesting that the activa-
tion of inflammatory cells to express LT and TNF occurs lo-
cally within the target organ, the CNS.

Consistent with the low TNF immunoreactivity in PBMC,
are reports of undetectable levels of TNF in serum and CSF
from patients with MS, regardless of the extent of clinical activ-
ity (7, 8). However, two studies have reported increased produc-
tion of TNF by macrophages isolated from peripheral blood
and cerebrospinal fluid of MS patients after activation with
lipopolysaccharide and phorbol myristate acetate (9), or conca-
navalin A and phytohemagglutinin (10). Unstimulated cells
showed no TNF reactivity. The experiments of Merrill et al. (9)
did not address a correlation with disease activity, but in the
studies of Beck et al. (10), this increased production of TNF
after stimulation was only detected immediately before and
during clinical exacerbation.

The presence of TNF immunoreactivity in astrocytes in
MS is in agreement with the observations of Hofman et al. (2),
where TNF* astrocytes were detected at the lesion edge. Al-
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Figure 3. Histograms of the number of cells/0.07/mm? within chronic
active lesions. Open bars represent the mean number of each cell
type+SD counted in different areas of several lesions (C, center; E,
edge; A4, adjacent white matter) and the hatched bars represent the
mean number of cells+SD that show positive immunoreactivity for
LT (top) and for TNF (bottom). *Areas in which no cells of that par-
ticular type were detected.

though positive cytokine immunoreactivity does not prove
that these cells manufacture TNF, two recent reports have doc-
umented TNF production by astrocytes in culture (11, 12).
Taken together, these data strongly suggest that astrocytes can
be activated to produce TNF in situ in MS lesions. Occasional
weak reactivity for TNF in astrocytes was also noted in other
CNS inflammatory conditions.

In vitro studies also suggest that astrocytes and microglia
can be activated to produce LT (11, 13). The parameters of LT
production by microglia have not been well studied. However
in astrocytes, significant differences in TNF and LT have been
reported depending upon the nature of the activating signals in
that production of LT was only detected in response to a neuro-
tropic paramyxovirus, whereas TNF was produced in response
to lipopolysaccharide (11). A similar observation has been
made in human peripheral blood lymphocytes where mitogen
stimulation primarily induced LT, and phorbol diester and cal-
cium ionophore-induced TNF (14). These results suggest that
the genes encoding LT and TNF may be independently acti-
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vated. Since we detected LT and TNF in different populations
of CNS glial cells, it is interesting to speculate that further stud-
ies in this area might contribute to the elucidation of the patho-
genesis of MS. Interestingly, strong reactivity for LT in micro-
glia was also detected in ALD, but these cells were essentially
negative for LT in TSP and SSPE.

LT and TNF are cytokines with pleiotropic activity (15, 16)
and have frequently been associated with different types of in-
flammation and autoimmunity. Both LT and TNF can behave
as effector as well as regulatory proteins. They are directly cyto-
toxic for various tumor cell lines (17), destroy pancreatic islet
cells (18), and actively mediate bone resorption (19). LT and
TNF can interact with endothelial cells and activate the endo-
thelium of postcapillary venules. As a consequence of this, en-
hanced lymphocyte adhesion (20), increased expression of ad-
hesion molecules such as ICAM-1 (21), and increased perme-
ability (22) have been reported. LT and TNF activate
monocytes (23, 24) and in this way, may perpetuate the immu-
nopathological process. LT and TNF can also induce the syn-
thesis of other cytokines (25) and may thus orchestrate the
cytokine network in the immune response.

Additional studies have shown that TNF and LT are mito-
genic for astrocytes (26) and TNF is mitogenic for astrocytoma
cells lines in vitro (27). Thus, TNF (and to a lesser extent, LT)
may function as an autocrine growth factor for astrocytes. How-
ever, astrocyte-derived TNF-like factor and recombinant TNF
are cytotoxic for oligodendrocytes (28). Preliminary data sug-
gest that LT is an even more potent inducer of damage to
oligodendrocytes (unpublished observations). Thus, increased
levels of these cytokines may contribute to both the primary
demyelination and reactive gliosis that are characteristic of MS
lesions.
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