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INTRODUCTION
Multiple sclerosis (MS) is a chronic in-

flammatory disease, leading to large plaques 
of primary demyelination in the white and 
gray matter of the central nervous system. 
Although the mechanisms of demyelin-
ation and axonal damage in this disease are 
complex and heterogeneous (24), cytotoxic 
T-lymphocytes appear to be one important 
factor in the induction of the lesions. e 
T-lymphocyte infiltrates in MS lesions are 
dominated by the CD8+ subset (8, 14, 16, 
30) and clonal expansion is preferentially 
found in this T-cell subpopulation (4). 
In addition, acute axonal injury within 
the lesions correlates with the density of 
macrophage (13, 21, 41) or CD8+ T-cell 
infiltration (6), but not with that of other 
subsets of inflammatory cells.

To exert their cytotoxic action T-cells 
have to recognize antigenic peptides when 
they are displayed on the surface of the 
body’s own cell. Antigens, derived from 
endogenously synthesized proteins in the 
cytosol, are bound to MHC class I mol-
ecules and are recognized by CD8 positive 
T-cells, whereas peptides internalized by 
endocytosis and generated in vesicles are 
bound to MHC class II molecules and 
recognized by CD4 positive T-cells (23). 
us, intracellularly processed autoan-
tigens and viral antigens are particularly 
good candidates for recognition by Class 
I MHC restricted T-cells. However, the 
central nervous system was long believed to 
be an immunoprivileged site, protected in 
part against T-cell-mediated attacks by the 

lack of MHC class I expression on CNS-
resident cells (17, 19, 33).

In vitro, with appropriate stimuli, MHC 
Class I antigens can be expressed in all glia 
cells as well as neurons. In contrast, MHC 
Class II antigen expression is more restrict-
ed to microglia, but after profound stimu-
lation can also be induced on astrocytes, 
ependymal cells or endothelial cells (29). 
In vivo, in human and experimental brain 
diseases, the situation is more complex. e 
expression of MHC-antigens is dependent 
upon the type of tissue injury, the stage and 
activity of the lesions and the genetic back-
ground (17, 26, 27, 29, 46).

Studies on MHC Class I expression 
have been performed in normal brain and 
various inflammatory diseases of the central 
nervous system (1, 2, 15, 16, 22, 34, 39, 
43, 47) and demonstrate expression on en-
dothelial cells and some microglia. Regard-
ing a possible Class I expression in resident 
glia cells or neurons in inflammatory brain 
lesions the results are controversial. Due to 
the lack of suitable markers, which can be 
used in routinely processed autopsy tissue, 
previous studies were either restricted to 
freshly frozen tissue samples or to small 
brain biopsies. 

To overcome these limitations we used 
newly available markers and techniques 
for the detection of MHC molecules in 
routinely fixed and processed brain tissue. 
is allowed us to study a large cohorts of 
different controls and of MS patients with 
different clinical disease manifestations and 
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at different stages of disease development. 
Our results show that both, MHC Class 
II as well as Class I molecules are highly 
expressed in actively demyelinating MS le-
sions and that oligodendrocytes, astrocytes, 
axons and neurons are potential targets for 
Class I MHC restricted cytotoxic T-lym-
phocytes.

MATERIALS AND METHODS

Cases. Paraffin embedded and formalin 
fixed archival human autopsy material was 
collected in the Department of Neurology 
at the Lainz Hospital in Vienna, the De-
partment of Neuropathology at the Georg-
August-University in Göttingen, the Mayo 
Clinic, Rochester, Minn, and the Brain 
Research Institute at the Vienna University 
Medical School, consisting of acute MS 
cases of Marburg’s type (n = 10), chronic 
active MS (n = 10), chronic inactive MS 
(n = 10) and age matched controls. Control 
patients had no evidence for neurological 
disease or cerebral lesions and included 
patients dying without (controls I, n = 9) or 
with terminal inflammatory complications 
(sepsis, pneumonia, controls II, n = 12). All 
cases underwent detailed neuropathologic 
examination (KJ, MS, HL), assessing up to 
20 tissue blocks per case.

Primary antibodies. e following well 
characterized primary antibodies were 
used: Monoclonal (mouse)antibodies: α-glial 
fibrillary acid protein GFAP (astrocytes; 
Neomarkers, Fremont, Calif ), α-2´3´-cy-
clic nucleotide 3´ phosphodiesterase CNP 
(oligodendrocytes, myelin; Sternberger 
Monoclonals Incorporated, Lutherville, 
Md), α-myelin oligodendrocyte glyco-
protein MOG (32), α-myelin associated 
glycoprotein MAG (myelin, 12), α-proteo-
lipid protein PLP (myelin; Serotec, Oxford, 
United Kingdom), α-HC10 (α-chain of 
MHCclass I; 40), α-CD1d (a 49kD heavy 

chain, Neomarkers), α-HLA DR,DQ,DP 
(MHCclass II, DAKO, Glostrup, Den-
mark). Polyclonal (rabbit) antibodies: α-
GFAP (astrocytes, DAKO), α-myelin basic 
protein MBP (myelin, DAKO), α-neurofil-
ament 68kD (neurons, axons; Chemicon, 
Temecula, Calif ), β2-microglobulin (β2-
microglobulin, light chain of MHCclass I, 
DAKO), α-factor VIII related protein (en-
dothelial cells, Neomarkers) and polyclonal 
(goat) antibody: α-GFAP (astrocytes, Santa 
Cruz Biotechnology, Santa Cruz, Calif ).

Immunohistochemistry. Two to 4-µm 
thick adjacent serial sections were cut on a 
microtome and stained with hematoxylin/
eosin, Luxol fast blue and Bielschowsky’s 
silver impregnation to assess inflammation 
and demyelination, respectively. 

Immunohistochemistry for lightmicros-
copy was carried out as follows: the sections 
were dewaxed in xylol for one hour and 
transferred to 96% ethanol. Endogenous 
peroxidase was blocked by incubation in 
0.03% hydrogen peroxide for 30 minutes. 
Sections were rehydrated through a de-
scending ethanol series (96%, 70%, 50%) 
and rinsed in distilled water. e slides were 
heated in citrate buffer, rinsed in 0.1M 
PBS (phosphate buffered saline) and then 
incubated in 10% FCS (fetal calf serum) 
in PBS for 20 minutes. After removing the 
FCS and washing with PBS we incubated 
the slides at 4°C overnight with primary 
antibodies (described above). e sections 
were then washed in PBS and incubated 
with biotinylated secondary antibodies 
(1:200; donkey-anti-rabbit; donkey-anti-
mouse; Amersham Pharmacia Biotech, Up-
psala, Sweden) in FCS/PBS containing 3% 
normal human serum for 2 hours at room 
temperature followed by avidin-peroxidase 
complex (1:100; Sigma, St. Louis, Mo) for 
one hour. Labelling was visualized with 
3,3´ diaminobenzidine-tetra-hydrochloride 
(Sigma) containing 0.30% hydrogen per-

oxide. Negative controls were performed by 
omitting the primary antibody or by using 
irrelevant isotype control antibodies. All 
sections were counterstained with Meyer’s 
hematoxylin, dehydrated and coverslipped. 

Double/triple fluorescence labeling. Sec-
tions for fluorodye labelled stains were 
pre-treated as described above for light 
microscopy. In principle, for double/triple 
labelling primary antibodies from different 
species (mouse, rabbit) were applied simul-
taneously at 4°C overnight. After washing 
with PBS, slides were incubated with 
compatible secondary antibodies consist-
ing of either biotinylated-sheep-α-mouse 
or biotinylated-sheep-α-rabbit (both 1:
200; Amersham Pharmacia Biotech) and 
either donkey-α-mouse Cy3 or goat-α-
rabbit Cy3 (both 1:100; Jackson Immuno 
Research Laboratories, West Grove, Pa) 
for one hour at room temperature. Double 
labelling was finished by application of Cy2 
conjugated streptavidin (1:75; Jackson Im-
muno Research). In case of triple labelling 
sections were further incubated with an 
additional primary antibody from either 
mouse or rabbit and followed by either 
donkey-α-mouse Alexa660 (Molecular 
Probes, Leiden, e Netherlands) or goat-
α-rabbit Cy5 (Jackson ImmunoResearch). 
Finally the slides were mounted with PBS/
glycerol (1:9) with 3% DABCO (Sigma).

Laser scanning confocal microscopy. A 
Zeiss LSM-410 motorized confocal laser 
scan microscope (Carl Zeiss, Jena, Ger-
many) equipped with an argon-ion laser 
source (488 nm excitation and two HeNe 
lasers [543 and 633 nm excitation]) was 
used. Operating conditions (contrast, 
brightness settings) and an appropriate 
combination of filters (bandpass filters 
515-525 nm and 595-615 nm, longpass fil-
ter 650 nm) were used to eliminate “bleed-
through” from either channel. Fluorescence 
signals were collected either simultaneously 
or sequentially in the green (Cy2) and red 
channels (Cy3, Cy5, Alexa660). In some 
cases, z-series from 3 to 10 planes with an 
axial resolution of 0.25 µm were collected 
for reconstruction and analysed with LSM 
Image Browser© software from Zeiss. Co-
localization of antigens, for example β2-mi-
croglobulin red and GFAP green, appears 
in yellow.

Cases Mean age (years); range F:M
Disease duration (weeks) 

± SEM

Acute MS 10 47.4; 29-68 5:5 7.0 ± 2.0

Chronic active MS 10 39.5; 28-57 9:2 252.0 ± 47.6

Chronic inactive MS 10 67.2; 50-83 6:4 1349.1 ± 162

Controls 9 68.8; 46-83 4:5 none

Septic controls 12 75.0; 42-95 6:6 not determined

Table 1. Cases.
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Classification of lesional activity. Lesion-
al activity was determined by the presence 
of myelin degradation products for minor 
myelin proteins (MAG, MOG) in early ac-
tive and major myelin proteins (MBP, PLP) 
in late actively demyelinating lesions within 
foamy macrophages as described in detail 
previously (9). Inactive lesions either con-
tained macrophages with empty vacuoles 
(neutral lipid stage of myelin degradation) 
or were devoid of macrophages. Periplaque 
white matter (PPWM) was defined as a 
strip of tissue, extending ten millimeters 
from the border of the active or inactive 
lesions into the normal white matter.

Quantitative evaluation of labelled cells. 
Evaluation of α-chain, β2-microglobulin 
chain and HLA-D expressing cells was 
performed on serial sections in large cor-
responding fields, with an average size of 
6.2 ± 0.4 mm2 in periplaque white matter 
(PPWM) and 7.4 ± 0.7 mm2 in MS plaques 
for MHC class I molecule staining and on 
an average field of one mm2 in PPWM and 
MS plaque for MHC class II molecule 
staining, each defined by an ocular mor-
phometric grid. e different cell types, 
consisting of macrophages/microglia, 
astrocytes, oligodendrocytes and neurons, 
were identified morphologically, based on 
their cell size and shape and their cytologi-
cal features. In addition, the cellular nature 
of the MHC-expressing cells was further 
confirmed by double staining and confocal 
laser microscopy.

Statistical analysis. For statistical analysis 
nonparametric group tests (Mann-Whit-
ney, Kolmogorov-Smirnov) and regression 
analysis were applied. All tests were classi-
fied as significant if the p-value was <0.05. 
All values are expressed as means ± standard 
error of the mean.

RESULTS
We identified the central nervous system 

cell types expressing MHC class I and II 
molecules by morphological criteria in 
light microscopy, using immunohisto-
chemistry with antibodies directed against 
HLA-D to image MHC class II molecule 
and antibodies directed against α-chain 
and β2-microglobulin to detect MHC 
class I molecules. To confirm our observa-
tions from light microscopy we performed 
double/triple labeling immunofluorescence 

to co-localize MHC expression with the 
specific cell type markers in confocal laser 
microscopy scans. Our studies were per-
formed on patients with Marburg’s type 
of acute MS (10 patients, 16 lesions), on 
patients with chronic MS with actively 
demyelinating lesions (chronic active MS; 
10 patients, 16 lesions) and in patients who 
lacked actively demyelinating lesions in the 
CNS (chronic inactive MS; 10 patients, 21 
lesions). In addition we included 2 control 
populations. e normal control group (9 
patients) included patients without clinical 
evidence for a peripheral inflammatory or 
infectious complication, the major reason 
for death in this group was myocardial in-
farct. e second group were patients, who 
died in a septic condition, but had no neu-
ropathological evidence for inflammatory 
brain disease (12 patients, 24 lesions). 

Class I MHC molecule expression. Con-
trols. Under normal conditions only endo-
thelial cells and microglia showed immuno-
reactivity for MHC class I molecules. Only 
exceptionally some scattered astrocytes and 
even fewer oligodendrocytes revealed weak 
immunoreactivity. In the CNS of patients 
with terminal septic complications, we 
found a significant up-regulation of MHC 

class I molecules in comparison to normal 
controls on ramified microglia (Figure 1), 
but not on astrocytes (Figure 2) or oligo-
dendrocytes (Figure 3). 

Multiple sclerosis. In comparison to both 
control groups, the expression of MHC 
Class I molecules was significantly higher 
in astrocytes and oligodendrocytes in ac-
tive and inactive lesions of acute as well as 
chronic MS (RR, SP and PP). Overall the 
expression level was higher in Marburg’s 
type of acute compared to chronic MS 
(Figures 2, 3). Also the numbers of Class 
I positive macrophages and microglia were 
significantly elevated in acute and chronic 
active MS lesions. Chronic inactive lesions 
demonstrated MHC class I expression on 
all microglia, however their total density 
within the lesion, was significantly lower 
as compared to normal white matter of 
either MS patients or controls. ere was 
a trend of more class I in oligodendrocytes 

Figure 1. MHC class I expression (α-chain/β2-
microglobulin) on microglia or macrophages. 
Significant differences for Class I in active acute 
MS p<0.0005(****), in inactive acute MS and 
lesions of chronic active MS p<0.001(***) versus 
both control groups. MHC Class I expression was 
significantly different between patients dying 
from septic complications to controls lacking 
a systemic inflammatory disease p<0.003(*). In 
chronic inactive MS lesions the density of β2-
microglobulin positive microglia is less compared 
to controls p<0.0009(+++). Black bars: β2-
microglobulin; striped bars: α-chain.

Figures 1 to 4. X-axis columns. 1. active lesion 
acute MS; 2. inactive lesion acute MS; 3. PPWM 
acute MS; 4. active lesion chronic active MS; 
5. PPWM chonic active MS; 6. inactive lesion 
chronic inactive MS; 7. PPWM chonic inactive 
MS; 8. controls without any evidence of systemic 
inflammation; 9. controls dying becuase of septic 
complications. 

Figure 2. MHC class I (α-chain/β2-microglobulin) 
expression on astrocytes in MS lesions. Significant 
differences for MHC class I expression (α-chain/
β2microglobulin) on astrocytes between both 
control samples and the respective MS groups 
are: for active and inactive lesions of acute MS 
p<0.0003(***) and for lesions of chronic active 
MS p<0.006(**). Significant differences only for α-
chain on astrocytes were found for chronic inactive 
MS lesions p<0.01(#). Black bars: β2-microglobulin; 
striped bars: α-chain.

Figure 3. MHC class I (α-chain/β2-microglobulin) 
expression on oligodendrocytes in MS lesions. 
Significant differences for MHC class I expression 
(α-chain/β2-microglobulin) on oligodendrocytes 
between both control samples and the respective 
MS groups are: for active acute MS p<0.0001 (****), 
for inactive acute MS and lesions of chronic active 
MS p<0.0002 (***). Significant differences only 
for α-chain on oligodendrocytes were found for 
chronic inactive MS lesions p<0.002(#) and for 
β2-microglobulin on oligodendrocytes for the 
PPWM of acute MS cases p<0.004(+). Black bars: 
β2-microglobulin; striped bars: α-chain.
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in pattern III and in microglia in pattern 
II MS lesions (24), however due to small 
numbers of cases, the results did not reach 
significant differences (data not shown). 
While the expression of the α-chain and 
β2-microglobulin was quantitatively simi-
lar on macrophages, microglia (Figure 1) 
and endothelial cells (data not shown), 
significantly more oligodendrocytes and 
astrocytes were stained with antibodies for 
β2-microglobulin than for the α-chain.

Class II MHC molecules were intensely 
expressed in lesions from cases with 
Marburg’s type of acute MS, followed by 
those with active demyelination in chronic 
disease (Figure 4). In these lesions the 
vast majority of Class II expressing cells 
showed a macrophage like phenotype, 
while HLA-D positive cells with microglia 
morphology were mainly encountered in 
the periplaque white matter and—in low 
incidence—within active and inactive le-
sions of chronic MS.

Cellular nature of MHC-expressing cells 
in MS lesions. Class I MHC molecules. 
In principle all cell types present within 
actively demyelinating MS lesions were 
found to express Class I MHC molecules, 
although the incidence of positive cells 
varied in the different cell populations. 
All inflammatory cells (T-cells, B-cells and 
macrophages; Figures 5A, I; 6B, C, H, I, 
J) as well as endothelial cells (Figures 5D, 
J; 6B, C, G, J) were invariably positive for 

Class I MHC. Furthermore, all microglia 
were stained with Class I markers in active, 
but not in inactive lesions. In contrast the 
percentage of astrocytes (Figures 5B, C, D; 
6A, B, C) and oligodendrocytes (Figures 
5: E, F; 6D, E), which were stained for 
MHC Class I molecules, was significantly 
lower, but showed a similar gradient as that 
for microglia (acute MS→active chronic 
MS→inactive chronic MS). Since the le-
sions investigated were mostly located in 
the white matter the number of neurons 
in the plaques was low. However, some 
neurons and a variable number of axons, 
located within the actively demyelinating 
plaque areas, expressed Class I molecules 
too (Figures 5H, K; 6F, G). is was mainly 
the case in Marburg’s type of acute MS. 

Class II MHC molecules. Nearly all cells, 
which expressed HLA-D molecules were 
identified as ramified microglia or foamy 
macrophages. eir relative contribution 
varied between different lesion types. In 
active or inactive lesions from acute MS 
patients nearly all HLA-D positive cells 
showed a phenotype of foamy macrophages 
(Figure 6H), while in active and inactive le-
sions of chronic MS a variable proportion 
of the cells were microglia with ramified 
processes (Figure 6I, J). In the periplaque 
and “normal” white matter of all MS 
patients foamy macrophages were nearly 
absent, but HLA-D expressing microglia 
were abundant. 

Figure 4. MHC class II (HLA DR,DQ,DP) expression 
on microglia and/or macrophages in MS lesions. 
Black bars: HLA-DR positive microglia, striped 
bars: macrophages ± SEM; significant differences 
for macrophages (*) and for microglia (#) between 
respective groups and both control groups. 
High numbers of macrophages were found in 
active and inactive lesion areas of acute MS 
and chronic active MS p<0.0001 (***). Chronic 
inactive MS showed significantly increased 
numbers of macrophages p<0.04(*) compared 
to both controls. Within acute MS lesions HLA-D 
positive cells with typical morphological criteria 
for microglia were only rarely found p<0.0003 
(#). Density of microglia was reduced in chronic 
inactive cases; p<0.04 (#).

Figure 5. Immunohistochemistry for MHC Class I molecules on different cell-types in MS lesions. A: plasma-
cells (α-chain of MHC class I complex, arrows). B: astrocytes (β2-microglobulin). C: astrocytes (α-chain 
of MHC Class I). D: astrocytes (β2-microglobulin). E, F: oligodendrocytes (α-chain of MHC Class I; 
arrowhead)—note, small arrows in (E) indicating adjacent lymphocytes positive for α-chain as well. G: 
oligodendrocytes (β2-microglobulin; arrows). H: neuron (α-chain of MHC Class I). I: foamy macrophages 
(α-chain of MHC Class I). J: microglia (arrowheads) and endothelial cells (arrows). K: axon within the MS 
lesion positive for α-chain of MHC Class I complex (arrowhead). Bars: A-C, E-I, K: 10 µm; D, J: 30 µm.
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In sections, stained by conventional light 
microscopic immunocytochemistry, some 
vascular structures were HLA-D positive, 
which closely resembled staining of cerebral 
endothelial cells. However, by analysis of 
such structures with confocal laser micros-
copy double staining the HLA-D reactivity 
was always found on cell processes, which 
were clearly separated from Factor VIII 
positive endothelial cells, thus representing 

fine processes of perivascular macrophages 
(Figure 6K, L). We did not find any HLA-
D staining on astrocytes, oligodendrocytes, 
neurons or axons. 

CD 1d. As described before (4) CD 1d 
reactivity was found on reactive astrocytes 
and some microglia (Figure 6O, P). 

DISCUSSION 
Recent studies suggest that MHC Class 

I restricted T-lymphocytes may play a 
prominent role in the pathogenesis of MS. 
is view is supported by the dominance of 
CD8 positive T-cells and their preferential 
clonal expansion in MS lesions (4, 14) . In 
addition, all cell types of the CNS have 
been shown to be possible targets for Class 
I restricted killing, either in vitro or in ex-

Figure 6. Confocal laser microscopy scans: MHC Class I expression in actively demyelinating lesions of acute MS (A: 35-year-old male, disease duration 6 weeks; B-G: 
46-year-old female, 16 weeks disease duration). A, B: astrocytes (GFAP: green; β2-microglobulin: red), C: astrocytes (GFAP: red; α-chain of MHC Class I: green; 
colocalization yellow: arrows). Note, astroglial foot processes were partly disrupted, retracted or lost contact to the endothelial cell lining indicating severe 
damage of the blood brain barrier (arrowheads); asterisks: massive perivascular inflammation - inflammatory cells with expression of light (B) and heavy chain 
(C) of MHC Class I. D, E: oligodendrocytes (CNP: green; β2-microglobulin red; arrows). F: neurons (neurofilament: red; α-chain of MHC Class I: green; asterisk: 
co-labeling). G: neurons: (α-chain of MHC Class I: blue; β2-microglobulin: red; GFAP: cyan)—note, in triple labeling (G) astrocytes enwrap with their processes 
either neurons (arrows) or endothelial cells (arrowheads). Neurons co-expressed (pink colored neuronal surface) light and heavy chain of MHCclass I complex 
(cytoplasm, asterisk).
MHC Class II Expression in MS lesions (H: acute MS, 61-year-old female, 22-week disease duration; I, J: chronic inactive MS, 71-year-old male, disease duration 
over decades; K, L: patient dying from terminal septic complications, 79-year-old male; M, N: acute MS, 45-year-old female, 1-week disease duration; O, P: acute 
MS, 35-year-old male, disease duration 6 weeks). H: mononuclear phagocytes (HLA-D: green; β2-microglobulin: red; arrows); I: parenchymal microglia (HLA-D: 
green; β2-microglobulin: red; arrows); J: perivascular microglia (HLA-D: green; β2-microglobulin: red; co- labeling: arrow)—note: endothelium with MHCclass I 
expression (red; asterisk). K, L: endothelial cells (factor VIII related protein: red - asterisk; HLA-D: green; GFAP: blue) lacked any MHC Class II expression and were 
encircled partly by perivascular MHC Class II positive migroglia (arrows) or partly by astroglial processes (blue, arrowheads). M, N: cytotoxic T-cells (CD3: red; 
CD8: blue; Granzyme B positive granules: green) were found in perivascular infiltrates (arrowheads) and in the parenchyma (arrow). O, P: CD1d-Expression on 
astrocytes (CD1d: red; GFAP: green): endolysosomal and surface staining for CD1d molecules (co-expression: yellow: arrows). Bars: A-C, F: 50 µm; D, E, G, H, L, 
M, P: 20 µm; I: 5 µm; J, K, N: 10 µm.
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perimental in vivo models (11, 26, 27, 29). 
To what extent they may be relevant for the 
destruction of myelin sheaths, oligoden-
drocytes or axons in MS lesions critically 
depends on the ability of T-cells to recog-
nize their specific antigen on the surface of 
the respective CNS cells. It is, thus an im-
portant question, when and where MHC 
Class I molecules, which are essential in 
this recognition process, are expressed in 
MS lesions.

Previous studies on this question, were 
limited by small case numbers or relied on 
frozen material in which tissue preservation 
and cell identification can be problematic. 
ese studies agree that endothelial cells 
and infiltrating leucocytes are principal 
sources of MHC Class I molecules in the 
CNS, both in normal and diseased tissue. 
To what extent, however, resident glia cells 
including microglia and neurons or their 
processes express MHC Class I molecules 
remained controversial.

Our present study clarifies some of these 
issues. We show that in principle all cells 
of the CNS can express MHC Class I mol-
ecules in MS lesions and that both com-
ponents, the α-chain as well as β2-micro-
globulin is present. e levels of expression, 
however, follow a hierarchal pattern. Con-
stitutive expression of Class I molecules is 
present in endothelial cells, perivascular 
macrophages and some microglia. In the 
periplaque white matter and in inactive 
demyelinated plaques, it is mainly the mi-
croglia population, in which MHC expres-
sion is up-regulated. Only in active lesions 
of chronic MS and in particular in the ful-
minate lesions of Marburg’s type of acute 
MS, Class I molecules are also present on 
neuroectodermal cells of the CNS, such as 
astrocytes, oligodendrocytes and neurons. 
A similar hierarchy of MHC expression has 
previously been shown in rats after intra-
thecal application of γ-interferon, in which 
MHC expression on neuroectodermal cells 
has also been seen only after very profound 
stimulation (46). In contrast to this experi-
mental study, however, we as others (7) did 
not find MHC Class II on cells other than 
leucocytes and microglia. However, this 
does not exclude that in patients with even 
more severe disease or by applying more 
sensitive detection systems, some Class II 
antigen could be present on astrocytes or 
cerebral endothelial cells (42, 45).

In our study, MHC class I molecule was 
represented by antibodies against both the 
α-chain and β2-microglobulin. In vitro, 
the alpha chain is more widely expressed, 
while the appearance of β2-microgloulin 
on the cell surface is very tightly regulated 
(27). In contrast,, we find clear over-ex-
pression of the β2-microglubulin chain in 
astrocytes and oligodendrocytes. As astro-
cytes have been shown to be the main cell 
type expressing non-classical MHC-like 
molecules, such as CD1, which also require 
the co-expression of β2-microglobulin, this 
excess of β2-microglobulin may be associ-
ated with non-classical MHC molecules 
(5; Figure 6O, P). Alternatively, β2-micro-
globulin, which is a small molecule present 
in soluble form in the blood compartment, 
may be passively taken up by injured glial 
cells in active MS lesions with blood brain 
barrier damage.

In patients with Marburg’s type of acute 
MS terminal septic complications are fre-
quent. For this reason we expanded our 
study with an additional control group 
of patients with systemic inflammatory 
complications, such as sepsis. Both, the 
inflammatory mediators as well as bacte-
rial products, such lipopolysaccharide, 
liberated in septic conditions, are known to 
alter MHC expression in the central ner-
vous system (10, 44). In our septic control 
group, a significant up-regulation of MHC 
class I molecules in comparison to the non-
inflammatory control group was found on 
microglia and macrophages, but not on 
neuroectodermal cells, such as astrocytes, 
oligodendrocytes or neurons. In addition, 
the extent of MHC class I reactivity on mi-
croglia and macrophages observed in MS 
lesions was significantly higher as in both 
control groups. erefore, the inflamma-
tion within the CNS compartment in MS 
apparently is a much more potent activator 
of MHC class I expression compared to the 
systemic inflammatory response in sepsis.

MHC expression within nervous tissue is 
regulated by several different mechanisms. 
Neuronal activity, possibly through the 
secretion of neurotrophic factors, exerts 
a negative signal, actively suppressing the 
genetic program for antigen presentation 
(27, 28}. In addition, the positive signals 
mediated through pro-inflammatory cyto-
kines, such as γ-interferon, are absent in 
the normal CNS. In active MS lesions, pro-
inflammatory cytokines are abundantly se-

creted by inflammatory cells. Furthermore, 
axons in active MS lesions are affected by 
acute conduction block, both through the 
acute loss of the myelin sheath (31) and 
through toxic inflammatory mediators, 
such as nitric oxide (20, 38). us in active 
MS lesions the pro-inflammatory environ-
ment occurs in parallel with a dysinhibition 
of the antigen presentation program. is 
may explain the very high levels of MHC 
expression in this disease and in particular 
its expression in all neuroectodermal cell 
types. e local synthesis of MHC mol-
ecules can further be augmented by steroid 
treatment (25).

e importance of Class I MHC re-
stricted cytotoxic T-cells in mediating clini-
cal disease and tissue damage in the central 
nervous system is highlighted in the model 
of eiler’s virus induced demyelinating 
encephalomyelitis. Studies on the genetic 
susceptibility to this disease (3, 36) as well 
as on disease induction in β2-microglobu-
lin deficient mice (35) showed that clinical 
disease and demyelination depends upon 
a Class I MHC restricted T-cell response. 
Disease can also be blocked by treatment 
with anti-CD8 antibodies (37) and specific 
deletion of a virus peptide specific class I 
restricted T-cell response preserves motor 
function in infected animals (18). All these 
data strongly suggest, that Class I MHC 
restricted T-cells can directly be involved 
in the induction of demyelination and 
axonal injury, possibly by recognizing their 
specific antigen on glia cells and neuronal 
cell processes. 

us, in summary our study shows 
abundant MHC Class I and Class II ex-
pression in active lesions of MS patients. Its 
expression follows a hierarchy, dependent 
upon the type and severity of the disease 
process. We further show that all cells of the 
CNS can express Class I molecules and are 
possible targets of Class I restricted T-cell 
cytotoxicity. Our study, further supports 
the view that Class I restricted cytotoxic 
T-cells may play a role in destruction of 
myelin and axons in MS lesions.

ACKNOWLEDGMENTS
is work was supported by the Fonds 

zur Förderung der wissenschaftlichen 
Forschung, Austria, Project P 16063-B02 
and the National Multiple Sclerosis Society 
(RG 3185-A-2). e authors wish to thank 
Prof Hidde Ploegh (Dept. of Pathology, 



48     Expression of Major Histocompatibility Complex Class I Molecules in MS Lesions—Höftberger et al Expression of Major Histocompatibility Complex Class I Molecules in MS Lesions—Höftberger et al     49

Harvard Medical School, Boston, Mass) 
for the generous gift of the monoclonal an-
tibodies directed against α-heavy chain of 
human MHC class I, and Marianne Leisz-
er, Angela Kury and Helene Breitschopf for 
excellent technical assistance.

REFERENCES

1. Achim CL, Morey MK, Wiley CA (1991) Expres-
sion of major histocompatibility complex and 
HIV antigens within the brains of AIDS patients. 
AIDS 5:535-541.

2. Achim CL, Wiley CA (1992) Expression of ma-
jor histocompatibility complex antigens in the 
brains of patients with progressive multifocal 
leukoencephalopathy. J Neuropathol Exp Neurol 
51:257-263.

3. Altintas A, Cai Z, Pease LR, Rodriguez M (1993) 
Differential expression of H-2K and H-2D in the 
central nervous system of mice infected with 
Theiler’s virus. J Immunol 151:2803-2812.

4. Babbe H, Roers A, Waisman A, Lassmann H, 
Goebels N, Hohlfeld R, Friese M, Schroder R, 
Deckert M, Schmidt S, Ravid R, Rajewsky K (2000) 
Clonal expansions of CD8(+) T-cells dominate 
the T-cell infiltrate in active multiple sclerosis 
lesions as shown by micromanipulation and 
single cell polymerase chain reaction. J Exp Med 
192:393-404.

5. Battistini L, Fischer FR, Raine CS, Brosnan CF 
(1996) CD1b is expressed in multiple sclerosis 
lesions. J Neuroimmunol 67:145-151.

6. Bitsch A, Schuchardt J, Bunkowski S, Kuhlmann 
T, Bruck W (2000) Acute axonal injury in multiple 
sclerosis. Correlation with demyelination and 
inflammation. Brain 123:1174-1183. 

7. Bo L, Mork S, Kong PA, Nyland H, Pardo CA, 
Trapp BD (1994) Detection of MHC class II-an-
tigens on macrophages and microglia, but not 
on astrocytes and endothelia in active multiple 
sclerosis lesions. J Neuroimmunol 51:135-146.

8. Booss J, Esiri MM, Tourtellotte WW, Mason DY 
(1983) Immunohistological analysis of T lympho-
cyte subsets in the central nervous system in 
chronic progressive multiple sclerosis. J Neurol 
Sci 62: 219-232.

9. Bruck W, Porada P, Poser S, Rieckmann P, 
Hanefeld F, Kretzschmar HA, Lassmann H (1995) 
Monocyte/macrophage differentiation in early 
multiple sclerosis lesions. Ann Neurol 38:788-796.

10. Buttini M, Limonta S, Boddeke HW (1996) 
Peripheral administration of lipopolysaccharide 
induces activation of microglial cells in rat brain. 
Neurochem Int 29:25-35.

11. Cabarrocas J, Bauer J, Piaggio E, Liblau R, 
Lassmann H (2003) Effective and selective im-
mune surveillance of the brain by MHC class I-
restricted cytotoxic T lymphocytes. Eur J Immunol 
33:1174-1182.

12. Doberson MJ, Hammer JA, Noronha AB, 
MacIntosh TD, Trapp BD, Brady RO, Quarles RH 
(1985) Generation and characterization of mouse 

monoclonal antibodies to the myelin-associated 
glycoprotein (MAG). Neurochem Res 10:499-513.

13. Ferguson B, Matyszak MK, Esiri MM, Perry VH 
(1997) Axonal damage in acute multiple sclerosis 
lesions. Brain 120:393-399. 

14. Gay FW, Drye TJ, Dick GW, Esiri MM (1997) The 
application of multifactorial cluster analysis in 
the staging of plaques in early multiple sclerosis. 
Identification and characterization of the primary 
demyelinating lesion. Brain 120:1461-1483.

15. Gobin SJ, Montagne L, Van Zutphen M, Van 
Der Valk P, Van Den Elsen PJ, De Groot CJ (2001) 
Upregulation of transcription factors controlling 
MHC expression in multiple sclerosis lesions. Glia 
36:68-77.

16. Hayashi T, Morimoto C, Burks JS, Kerr C, Haus-
er SL (1988) Dual-label immunocytochemistry of 
the active multiple sclerosis lesion: major histo-
compatibility complex and activation antigens. 
Ann Neurol 24:523-531.

17. Horwitz MS, Evans CF, Klier FG, Oldstone 
MB (1999) Detailed in vivo analysis of inter-
feron-gamma induced major histocompatibility 
complex expression in the the central nervous 
system: astrocytes fail to express major histo-
compatibility complex class I and II molecules. 
Lab Invest 79:235-242.

18. Johnson AJ, Upshaw J, Pavelko KP, Rodri-
guez M, Pease LR (2001) Preservation of Motor 
Function by Inhibition of CD8+ Virus-peptide 
Specific T Cells in Theiler’s Virus Infection. FASEB 
J 15:255-276.

19. Joly E, Mucke L, Oldstone MB (1991) Viral per-
sistence in neurons explained by lack of major 
histocompatibility class I expression. Science 253:
1283-1285.

20. Kapoor R, Davies M, Smith KJ (1999) Tempo-
rary axonal conduction block and axonal loss in 
inflammatory neurological disease. A potential 
role for nitric oxide? Ann N Y Acad Sci 893:304-
308.

21. Kornek B, Storch MK, Weissert R, Wallstroem E, 
Stefferl A, Olsson T, Linington C, Schmidbauer M, 
Lassmann H (2000) Multiple sclerosis and chronic 
autoimmune encephalomyelitis: a comparative 
quantitative study of axonal injury in active, 
inactive, and remyelinated lesions. Am J Pathol 
157:267-276.

22. Lampson LA, Hickey WF (1986) Monoclonal 
antibody analysis of MHC expression in human 
brain biopsies: tissue ranging from “histologically 
normal” to that showing different levels of glial 
tumor involvement. J Immunol 136:4054-4062.

23. Larsson M, Fonteneau JF, Bhardwaj N (2001) 
Dendritic cells resurrect antigens from dead cells. 
Trends Immunol 22:141-148.

24. Lucchinetti C, Bruck W, Parisi J, Scheithauer 
B, Rodriguez M, Lassmann H (2000)Heterogene-
ity of multiple sclerosis lesions: implications for 
the pathogenesis of demyelination. Ann Neurol 
47:707-717.

25. McRae A, Bona E, Hagberg H (1996) Microglia-
astrocyte interactions after cortisone treatment 
in a neonatal hypoxia-ischemia model. Brain Res 
Dev Brain Res 94:44-51.

26. Medana IM, Gallimore A, Oxenius A, Martinic 
MM, Wekerle H, Neumann H (2000) MHC class 
I-restricted killing of neurons by virus-specific 
CD8+ T lymphocytes is effected through the Fas/
FasL, but not the perforin pathway. Eur J Immunol 
30:3623-3633.

27. Neumann H, Cayalie A, Jenne DE, Wekerle H 
(1995) Induction of MHC class I genes in neurons. 
Science 269:549-552.

28. Neumann H, Misgeld T, Matsumuro K, Weker-
le H (1998) Neurotrophins inhibit major histo-
compatibility class II inducibility of microglia: 
involvement of the p75 neurotrophin receptor. 
Proc Natl Acad Sci U S A 95:5779-5784.

29. Neumann H, Medana IM, Bauer J, Lassmann H 
(2002) Cytotoxic T lymphocytes in autoimmune 
and degenerative CNS diseases. Trends Neurosci 
25:313-319.

30. Nyland H, Mork S, Matre R (1982) In-situ 
characterization of mononuclear cell infiltrates 
in lesions of multiple sclerosis. Neuropathol Appl 
Neurobiol 8:403-411.

31. Pender MP, Sears TA (1982) Conduction block 
in the peripheral nervous system in experimental 
allergic encephalomyelitis. Nature 296:860-862.

32. Piddlesden SJ, Lassmann H, Zimprich F, Mor-
gan BP, Linington C (1993) The demyelinating 
potential of antibodies to myelin oligodendro-
cyte glycoprotein is related to their ability to fix 
complement. Am J Pathol 143:555-564.

33. Rall GF, Mucke L, Oldstone MB (1995) Conse-
quences of cytotoxic T lymphocyte interaction 
with major histocompatibility complex class 
I-expressing neurons in vivo. J Exp Med 182:
1201-1212.

34. Ransohoff RM, Estes ML (1991) Astrocyte 
expression of major histocompatibility complex 
gene products in multiple sclerosis brain tissue 
obtained by stereotactic biopsy. Arch Neurol 48:
1244-1246.

35. Rivera-Quiñones C, McGavern D, Schmelzer 
JD, Hunter S, Low PA, Rodriguez M (1998) Ab-
sence of neurological deficits following extensive 
demyelination in a class I-deficient murine model 
of multiple sclerosis. Nature Med 4:187-193.

36. Rodriguez M, Leibowitz J, David CS (1986) 
Susceptibility to Theiler’s virus-induced demy-
elination: mapping of the gene within the H-2D 
region. J Exp Med 163:620-631.

37. Rodriguez M, Sriram S (1988) Successful 
therapy of Theiler’s virus-induced demyelination 
(DA Strain) with monoclonal anti-Lyt-2 antibody. 
J Immunol 140:2950-2955.

38. Smith KJ, Lassmann H (2002) The role of 
nitric oxide in multiple sclerosis. Lancet Neurol 
1:232-241.

39. Sobel RA, Collins AB, Colvin RB, Bhan AK 
(1986) The in situ cellular immune response in 
acute herpes simplex encephalitis. Am J Pathol 
125:332-338.

40. Stam NJ, Vroom TM, Peters PJ, Pastoors EB, 
Ploegh HL (1990) HLA-A- and HLA-B-specific 
monoclonal antibodies reactive with free heavy 
chains in western blots, in formalin-fixed, paraf-



50     Expression of Major Histocompatibility Complex Class I Molecules in MS Lesions—Höftberger et al

fin-embedded tissue sections and in cryo-immu-
no-electron microscopy. Int Immunol 2:113-125.

41. Trapp BD, Peterson J, Ransohoff RM, Rudick 
R, Mork S, Bo L (1998) Axonal transection in the 
lesions of multiple sclerosis. N Engl J Med 338:
278-285.

42. Traugott U, Scheinberg LC, Raine CS (1985) 
On the presence of Ia-positive endothelial cells 
and astrocytes in multiple sclerosis lesions and 
its relevance to antigen presentation. J Neuroim-
munol 8:1-14.

43. Traugott U (1987) Multiple sclerosis: relevance 
of class I and class II MHC-expressing cells to le-
sion development. J Neuroimmunol 16:283-302.

44. Traugott U, Lebon P (1988) Multiple sclerosis: 
involvement of interferons in lesion pathogen-
esis. Ann Neurol 24:243-251.

45. van der Maesen K, Hinojoza JR, Sobel RA 
(1999) Endothelial cell class II major histocom-
patibility complex molecule expression in ste-
reotactic brain biopsies of patients with acute 
inflammatory/demyelinating conditions. J Neu-
ropathol Exp Neurol 58:346-358.

46. Vass K, Lassmann H (1990) Intrathecal ap-
plication of interferon gamma. Progressive ap-
pearance of MHC antigens within the rat nervous 
system. Am J Pathol 137:789-800.

47. Woodroofe MN, Bellamy AS, Feldmann M, Da-
vison AN, Cuzner ML (1986) Immunocytochemi-
cal characterisation of the immune reaction in 
the central nervous system in multiple sclerosis. 
Possible role for microglia in lesion growth. J 
Neurol Sci 74:135-152.


