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Abstract

Multiple sclerosis (MS) is a disease with unknown cause char-
acterized by inflammation and demyelination in the central
nervous system. Although an autoimmune pathogenesis has
been suggested, there are no conclusive data on the number of
T cells autoreactive with myelin antigens in MScompared to
controls. Weshowed that T lymphocytes secreting interferon-
y in response to possible target autoantigens are severalfold
more commonamong PBL mononuclear cells in patients with
MSthan in patients with aseptic meningitis and tension head-
ache. On average T cells reactive with myelin basic protein
(MBP), two different MBPpeptides, or with proteolipid pro-
tein amounted to 2.7-5.2/105 PBL from MSpatients. MBP-
reactive T cells were still more frequent among mononuclear
cells isolated from the cerebrospinal fluid (CSF; 185/10O CSF
cells). Weconcluded that T cells reactive with myelin autoan-
tigens are strongly increased in MS. This approach to detect
them could allow definition of immunodominant T cell epitopes
in individual MSpatients, and thereby enable further develop-
ment towards specific immunotherapy. (J. Clin. Invest. 1990.
86:981-985.) Key words: autoimmunity * demyelination * cere-
brospinal fluid

Introduction

An autoimmune pathogenesis for multiple sclerosis (MS)' has
been suggested due to clinico-pathological similarities with ex-
perimental allergic encephalomyelitis (EAE). Induction of
EAEdepends on CD4' T cells that are autoreactive with my-
elin proteins (1). Myelin basic protein (MBP) (2) and proteo-
lipid protein (PLP) (3, 4) have both been shown to be en-
cephalitogenic. Previous data on T cell reactivities to myelin
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antigens in MS(5-15) are partly inconsistent. One reason for
failures to detect such reactivities (7-9) may be that T cells
recognizing myelin antigens constitute a minute proportion of
the circulating T cells. Even in EAE, the number of MBP
reactive T cells were as low as 3-4/1 1"lymphocytes when
isolated at the target (16). In MS, nonselective T cell cloning
with lectins shows no myelin reactivity (7, 8, 10) but is readily
demonstrable in culture conditions selecting for T cell reactiv-
ity against MBP(6, 8, 11-13, 15). Since MBPreactive T cells
also have been cloned from healthy individuals (5, 12) the
relevance of these observations is unclear. However, selected T
cell cloning does not generally allow quantitation of T cell
responses, which may be necessary to evaluate their impor-
tance. Wewere able to circumvent these problems by taking
advantage of the fact that T cells may secrete IFN-y in re-
sponse to the presented antigen (17). By applying an immuno-
spot assay where such cells can be counted (18, 19) it was
possible to estimate the number of T cells reactive with au-
toantigens, in this case different myelin antigens, both in MS
patients and controls. Furthermore, this particular cytokine is
of potential importance as effector molecule in MS. A thera-
peutic trial in MSwith systemic administration of IFN-y led to
exacerbations and general immune activation (20).

Since the immune response in neuroinflammatory diseases
have been shown to be compartmentalized to the target for
immune attack (21-24), we examined mononuclear cells from
the cerebrospinal fluid (CSF) in addition to PBL.

Methods

Patients. Specimens of CSFand peripheral blood were obtained from
39 untreated patients (29 females) with clinically definite MS. Their
ages were 17-68 yr (mean 42). In 33 of them CSFwas examined. It was
considered relevant to use samples from controls with and without
neuroinflammatory disease. 16 patients (nine females) had acute asep-
tic meningitis (AM). Their ages were 18-80 yr (mean 43). Samples
were taken between 1-8 wk after clinical onset. CSFwas examined in
15 of the AMpatients. 25 patients (20 females) had tension headache
(TH). Their ages were 29-69 (mean 47). They lacked physical or labo-
ratory signs of organic disease. CSFwas accessible for examination in
seven of these.

Assay for single cells secreting IFN-'y in response to antigen. The
principles for immunospot enumeration of individual secretory cells
using 96-well nitrocellulose bottomed microtiter plates (Millititer-
HAM, Millipore Continental Water Systems, Bedford, MA) were fol-
lowed (18, 19). Wells were coated with I 00-Ml aliquots of mouse mono-
clonal anti-human IFN-'y antibody (7-B6-1) (25) at 6 tig/ml at 4°C
overnight, and washed with PBS, pH 7.4. PBLwere prepared on Ficoll
Lymphoprep (Nyegaard, Oslo, Norway) and washed three times in
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tissue culture medium consisting of Iscove's modification of Dul-
becco's medium with 2 mML-glutamine (both from Flow Laborato-
ries, Irvine, U.K.), and 20% (vol/vol) fetal calf serum (Gibco Laborato-
ries, Paisley, U.K.). Mononuclear cells from 20 ml of CSF, sampled
into siliconized glass tubes, were pelleted by centrifugation for 10 min
at 200 g. The cells were resuspended and washed in tissue culture
medium. 200-,1 aliquots of PBL (106/ml, 2 X 10' cells) or CSF cells
(5-20 X 103 cells) were added to appropriate wells of the plates. Anti-
gens or lectins were added in I0-jil aliquots to a final concentration of
10 jg/ml. This concentration of antigen gave a maximum number of
spots in preliminary experiments.

To control wells for each patient the antigen was omitted. MBP
(26) and PLP (27) were prepared from bovine brain. PLPwas free from
any MBPcontamination as checked by Western blot (28) and em-
ploying a rat polyclonal antiserum against MBP. Wehad access to two
different synthetic peptides of MBP. Wearbitrarily named the peptides
P4 and P6, and their respective amino acid sequences corresponded to
132-150 and 174-191 of mouse MBP(29). They are homologous to
the human protein except for a single substitution at position 146 (Lys
to Arg). These peptides were synthesized on a peptide synthetizer
(model 430A; Applied Biosystems, Inc., Foster City, CA), followed by
purification on HPLCemploying reverse phase chromatography on a
C-18 column eluted with acetonitrile gradient (0-60%) in 0.1% tri-
flouroacetic acid. Amino acid analysis confirmed the correct product.
Purified protein derivate (PPD) (Statens Serum Institute, Copenhagen,
Denmark) and PHA(Difco Laboratories, Inc., Detroit, MI) were used
as positive control antigen and mitogen, respectively. Because of lim-
ited access to CSF cells, only cultures with added MBPand without
any added antigen could be analyzed for cells from this compartment.
After a 48-h culture at 37°C, 7% CO2, and humid atmosphere the
plates were washed with PBS. 100-Al aliquots of a rabbit polyclonal
anti-human IFN-diluted 1/500 (Interferon Sciences, NewBrunswick,
NJ) were added. After washing, biotinylated anti-rabbit Igp-diluted
1/1000 (Vector Laboratories, Inc., Burlingame, CA) was added fol-
lowed by an avidin-biotin peroxidase complex diluted 1/200 (ABC
Vectastain-Elite Kit; Vector Laboratories, Inc.) for 1 h. After peroxi-
dase staining (24), spots which corresponded to cells that had secreted
IFN-y were enumerated with a dissection microscope. No spots ap-
peared in specificity control experiments in which the capture anti-
body was changed to an irrelevant mouse monoclonal antibody or the
rabbit polyclonal antibody omitted. To calculate the number of T cells
responding to a particular antigen, numbers of spots in cultures with
no antigen added were subtracted from the numbers of spots in the
different cultures exposed to antigen.

The data are expressed as numbers of spots/l0' mononuclear cells.
Mann-Whitney's U-test was used for statistical evaluation.

Results

After a 48-h culture of PBL or CSF mononuclear cells and
immuno-enzyme staining for secreted IFN--y, red-brown spots
appeared that were easy to count in a dissection microscope.
The number of memory T cells responding specifically to an

antigen were estimated after subtraction of the values obtained
in cultures without antigen.

T cells reactive with the different myelin autoantigens were

present in peripheral blood of MSpatients (Table I; Fig. 1). On
average, 2.7 cells among 105 peripheral blood mononuclear
cells responded to MBP. Such cells were also found in blood
from approximately one third of the two control groups, but at
much lower numbers. Onaverage the number of MBPreactive
cells in blood were about sevenfold more commonin MSthan
in AMor TH. An -10-fold higher number of T cells reactive
with PLP in MSas compared with the control groups were

found in blood specimens (Table I). The numbers of T cells
responding to PPDand PHAdid not differ significantly be-
tween the groups of patients.

To study whether T cell reactivity against certain peptides
was detectable with the present methodology, and if there are

any indications of occurrence of immunodominant epitopes
in MS, we used two synthetic peptides, P4 (amino acid residues
132-150 according to mouse sequence, part of MBPexons 5
and 6, and encephalitogenic in guinea pig) (29), and P6 (amino
acid residues 174-191, part of MBPexons 6 and 7, and no

described encephalitogenicity) (29). As shown in Table I, the
group of MSpatients had -10-fold higher numbers of T cells
recognizing these peptides as compared with the two control
groups. In Fig. 1, antigen reactivities in individual MSpatients
are plotted. Most patients showed similar reactivity to the
two different peptides, however, a few patients showed a pref-
erential but not exclusive reactivity to one of the peptides.
There was generally a higher response to the peptides than to
native MBP.

Due to the limited numbers of CSFcells available for anal-
ysis, only MBPreactive specific memory T cells could be ex-

amined (Table I; Fig. 2). Again, the number of spots obtained
from culture wells with added MBPexceeding those with no

added antigen were calculated from samples of individual pa-
tients. In this way, the number of MBPreactive T cells were on

Table I. Numbers of Antigen or Lectin-induced Interferon-'y Secreting Cells/10i Mononuclear Cells

Cerebrospinal Peripheral blood
fluid

Patient group MBP MBP MBP-P4 MBP-P6 PLP PHA PPD

Multiple sclerosis mean±SD 185±320 2.7±2.7 5.2±9.5 4.9±9.4 4.7±9.4 162.2±148.7 20.1±27.2
n 33 39 39 37 34 39 39
P value 0.001/0.001 0.001/0.001 0.001/0.001 0.001/0.001 0.001/0.001 NS NS

Acute aseptic meningitis mean±SD 7.6±17 0.4±0.7 0.5±0.9 0.7±1.1 0.5±0.8 122.9±170.8 12.3±17.8
n 15 16 16 16 13 16 16
P value NS NS NS NS NS NS NS

Tension headache mean±SD 4.3±9.3 0.3±0.6 0.4±0.7 0.5±0.8 0.3±0.8 124.7±157.9 39.9±89.5
n 7 25 25 25 20 25

For samples of each individual patient numbers of spots from cultures with no antigen added were calculated and subtracted from the values of
the different cultures exposed to antigen. The data are expressed as numbers of spots/ 105 mononuclear cells. Mean values (m), standard devia-
tions (SD), and numbers of patients (n) are shown. The P values refer to comparisons between MSwith AM/MSwith TH patients.
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Figure 1. Numbers of spots corresponding to cells/105 PBL that have
secreted IFN-'y in response to MBP, PLP, MBP-P4 (P4), and MBP-P6
(P6). The lines connect numbers of spots obtained for each antigen in
individual MSpatients.

average 185/105 mononuclear CSF cells and thus - 30-fold
more commonamong MSCSFcells than among CSFcells of
patients with AMor TH. Comparing frequencies of MBP
reactive T cells in MSblood and CSF, the frequency was

- 70-fold higher in CSF.
IFN-'y spots resulting from cell cultures with no antigen

added (Table II) may represent T cells already activated to
cytokine secretion in vivo, or memory T cells responding in
vitro to antigen carried with putative antigen presenting cells
such as macrophages and B cells also contained in the sample.
The patients with AMshowed higher numbers of IFN-y se-
creting cells in blood, whereas MSpatients did not differ in this
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Figure 2. Diagram
showing numbers of
IFN-'y spots/ I05 CSF
mononuclear cells from
patients with MS, AM,
and TH (H) after a
48-h culture in the pres-
ence of MBP. The data
refer to numbers of
values after subtraction
from cultures with no

H antigen added.

Table I. CSFCell Counts and Numbers of IFN--y Secreting
Cells/105 Mononuclear Cells with No Antigen Added

IFN-y secreting cells

Mononuclear Cerebrospinal Peripheral
Patient group cells in CSF fluid blood

X10I/Iiter

Multiple sclerosis in-±SD 6.4±5.7 384±656 4.0±3.9
n 39 33 39
Pvalue ND 0.001/0.001 NS

Acute aseptic fii±SD 87±177 99±178 7.5±4.4
meningitis n 16 15 16

P value ND NS 0.005
Tension headache fn±SD 1.5±0.9 97±107 3.0±1.7

n 7 7 25

Data refer to numbers of spots corresponding to IFN-y secreting
cells/ 105 mononuclear cells, after 48 h culture of cells with no added
antigen or lectin.

respect from headache patients. In CSF, however, MSpatients
had a marked increase in numbers of these cells, while patients
with AMdid not differ from those with headache (Table II). In
view of an - 60-fold higher CSF mononuclear cell count in
AMcompared with headache patients, it can be concluded
that AMpatients have a prominent increase in IFN-y secreting
cells in CSF. It is also interesting how patients with headache
devoid of organic CNSdisease signs, showed some cells that
produced IFN-y (Table II).

Discussion

This study shows that the number of circulating T cells reac-
tive with MBPis increased in MSpatients as compared with
patients with AMand TH. The other important putative au-
toantigen in MSis PLP due to its experimental encephalito-
genicity (3, 4). No significant T cell reactivity in MSwith this
antigen has previously been found (9, 10). Wenow show an

10-fold higher number of T cells reactive with PLP in MSas
compared with the control groups. These differences were not
due to a generally increased capacity to produce IFN-'y in
response to antigen or lectin in MS, since the numbers of T
cells responding to PPDand PHAdid not differ significantly
between the groups of patients. The PPDresponse is compati-
ble with a T cell memory towards BCG, employed as vaccine
in Sweden in the age groups examined. The PHA response
represents a polyclonal T cell activation that is known to pro-
mote IFN-,y production (19).

During antigen processing the native protein is cleaved
into short peptides that CD4' cells recognize when presented
on MHCclass II molecules (30). The CD4' T cells appear to
preferentially respond to peptides that bind with high affinity
to the MHCclass II (31). This may be the reason for the
differences observed in encephalitogenicity of various MBP
peptides in different animal strains. For example, the enceph-
alitogenic peptide in Lewis rats comprises amino acid residues
68-88 of MBP(32), strain 13 guinea pigs residues 1 14-122
(33), and SJL/J mice residues 87-101 (34) and PL/J, residues
1-11 (35). In the genetically heterogenous population of MS
patients, such immunodominant epitopes (if present) may be
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expected to differ between individuals. If such immuno-
dominant and putatively pathogenetic peptides could be de-
fined for each individual MSpatient, specific immunotherapy
could be tried as has been done successfully in EAE (36-39).
With the two arbitrarily chosen peptides used here, a few pa-
tients showed a preferential but not exclusive reactivity to one
of the peptides. There was a generally higher response to the
peptides than to native MBP. The reason for this is unclear.
Thus, individual MSpatients respond to different nervous tis-
sue proteins, and even to different peptides within the same
protein. This indicates the presence of different MBPreactive
T cell clones. On the other hand, only a minor fraction of
possible peptides that can be immunodominant has been ex-
amined. Wecurrently employ the present methodology to ex-
amine T cell reactivities towards a multitude of different pep-
tides of MBPand PLP.

In organ specific experimental autoimmune diseases such
as EAE, there are indications of an enrichment of the target
directed immune response to the afflicted organ (23). In MS,
we recently showed elevated numbers of plasma cells produc-
ing autoantibodies against myelin antigens in CSF, but not in
blood (24). Such a sequestration of the immune response to
target may also occur for MBP-reactive T cells in MSsince
such cells were 70-fold more common among CSF cells
than PBL. This could either be due to selective recruitment of
MBP-reactive T cells to the CSF compartment or to a local
clonal expansion.

Autoreactive T cells in MSmay represent a primary cause
of disease or may be the consequence of inflammatory CNS
damage. The latter possibility may be valid at least partly since
we have observed autoreactive T cells in acute cerebrovascular
diseases using the same antigens and methodology (data not
shown). However, this finding does not rule out a pathogenetic
role of autoreactive T cells in MS. In genetically predisposed
individuals, persistence of such cells at high numbers may
contribute to immune-mediated tissue damage.

IFN-'y has a special interest as an effector molecule in MS.
It has previously been unsettled whether its production in MS
is defective, unchanged, or increased (40). IFN-y is a potent
immunoregulatory cytokine. Major effects include enhance-
ment and induction of class I and II MHCgene expression
(41), activation of macrophages (42, 43), and induction of
molecules involved in T cell homing (44). Cytokines such as
IFN-y usually act locally, and their production in vivo is
poorly reflected in body fluids such as serum or CSF. As in this
study, these problems can partly be circumvented by isolating
inflammatory cells and monitoring their IFN-y production in
vitro after short-term culture. If our data with cell cultures with
no antigen added represent T cells activated to IFN-y secretion
in vivo, patients with MShave a marked increase in intrathe-
cal IFN production. The antigen specificity of these in vivo
activated T cells remains unknown. The occurrence of some
CSFcells that produced IFN-y also in patients with headache
lacking organic CNSdisease, is compatible with the hypothesis
that systemically activated T cells normally pass the blood-
brain barrier possibly to ensure immune surveillance of the
brain (45).

In conclusion, T cells autoreactive with different myelin
components are elevated in peripheral blood and strongly
enriched in CSFof patients with MS. A future use of a broad
spectrum of peptide antigens to detect autoreactive T cells may
allow definition of immunodominant epitopes that are candi-

dates for specific immunotherapy in individual patients. We
also expect that the single cell assay may be useful for defini-
tion of target antigens in other human diseases in which au-
toimmune mechanisms are suspected to operate.
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