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Summary

The molecular mechanisms underpinning central nervous system damage
in multiple sclerosis (MS) are complex and it is widely accepted that there
is an autoimmune component. Both adaptive and innate immune effector
mechanisms are believed to contribute to tissue disease aetiology. HLA-E
is a non-classical MHC class Ib molecule that acts as the ligand for the
NKG2A inhibitory receptor present on natural killer (NK) and CD8" cells.
Peptide binding and stabilization of HLA-E is often considered to signal
infection or cell stress. Here we examine the up-regulation of HLA-E in
MS brain tissue. Expression is significantly increased in white matter
lesions in the brain of MS patients compared with white matter of neuro-
logically healthy controls. Furthermore, using quantitative immunohisto-
chemistry and confocal microscopy, we show increased HLA-E protein
expression in endothelial cells of active MS lesions. Non-inflammatory
chronic lesions express significantly less HLA-E protein, comparable to
levels found in white matter from controls. Increased HLA-E protein lev-
els were associated with higher scores of inflammation. These results sug-
gest the potential for an effect in central nervous system pathogenesis
from HLA-E modulation in stressed tissue. Co-localization with infiltrat-
ing CD8" cells implicates a possible role for HLA-E-restricted regulatory
CDS8" cells, as has been proposed in other autoimmune diseases.

Keywords: autoimmunity; major histocompatibility complex; human
leucocyte antigen; multiple sclerosis.

Multiple sclerosis (MS) is the most common cause of
chronic neurological disability among adults aged 20—
40 years. The mechanisms that trigger and mediate MS, a
presumed autoimmune disease, remain unclear.' Ulti-
mately, the disease process results in areas of central
nervous system (CNS) demyelination leading to axon
dysfunction, neuronal death and hence neurological
disability.

Recent, large-scale genome-wide association studies
echo earlier candidate gene analysis in the overwhelming
focus they place on genes of the human leucocyte antigen
(HLA) complex and, to a lesser extent, multiple, addi-
tional, immune system genes.* The strongest association
is seen in Caucasian MS patients with HLA-DRB1*1501,
although there are also independent associations in the
HLA class I region. Clearly, associations with HLA class I
allelic proteins may indicate a role in the pathogenesis of
CD8" T cells and natural killer (NK) cells.> There is

supportive data from both functional and histopathologi-
cal studies for involvement of both cell types.®”

The structure of MHC class Ib molecules is similar to
that of the classical MHC class I molecules (class Ia) —
consisting of a heavy chain with a peptide-binding cleft and
a light chain of p,-microglobulin.'® While the class Ia
molecules display extreme polymorphism, the class Ib
molecules are much less varied in structure and can be
considered ‘oligomorphic’.!' The class Ib molecules are
believed to be important in innate immunity and immune
regulation. They possess more anchor residues than class Ia
molecules, placing greater constraints on their peptide-
binding ability.'>"> Of the class Ib molecules, HLA-E is the
least polymorphic. It has eight alleles, encoding three
distinct protein sequences. The HLA-E peptide-binding
groove is believed to bind primarily hydrophobic, nona-
meric peptides derived from the leader sequences of other
MHC class T molecules.”> HLA-E acts as a ligand for the
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CD94/NKG2 family of receptors expressed on NK cells and
some subsets of CD8" T cells.'*'> These receptors are part
of the C-type lectin superfamily and are comprised of both
activating (2C, 2E and 2H) and inhibitory (2A and 2B)
members.'® The best characterized of these receptor-ligand
interactions is with CD94/NKG2A, whereby HLA-E expres-
sion prevents target cell lysis from CD94/NKG2A" NK
cells."” Although decreased HLA-E expression provides one
potential mechanism for CD94/NKG2A" lymphocyte acti-
vation, it has also been reported that peptides derived from
heat-shock protein 60 can bind and stabilize HLA-E, yet
completely abrogate CD94/NKG2A binding and alleviate
HLA-E-dependent inhibition of NK cells.'® These findings
suggest a possible role for HLA-E as a reporter of cellular
stress to the innate immune system.

The role of NK cells in MS and in experimental allergic
encephalomyelitis (EAE) is of interest, because NK cell
subsets may function in both disease exacerbation and reg-
ulation.”'®' These effects are likely to be seen in the
peripheral and central nervous systems. Studies on the
function of CD8" T cells in MS have suggested a role for
HLA-E in disease regulation. Regulatory CD8" T cells
capable of lysing myelin-reactive CD4" T cells have been
found in the cerebrospinal fluid of MS patients and appear
to be HLA-E restricted.”> Related observations have been
made in type I diabetes, where recognition of HLA-E
bound to a heat-shock protein 60 peptide was implicated
in recognition by regulatory CD8" cells.”> Therapeutic
induction of regulatory CD8" cells in MS using Copaxone
(glatiramer acetate) depends on an HLA-E-dependent
interaction with CD4" cells.** Furthermore, up-regulation
of CD94/NKG2A expression on regulatory CD8" cells dur-
ing exacerbation in MS reduces cytolytic activity.”* Para-
doxically, EAE can be ameliorated by giving antibody
against NKG2A.”®> A prerequisite for the further analysis of
related mechanisms in clinical MS would presumably be
to demonstrate the co-localization of HLA-E expression
and CD8 infiltrate in disease tissue: although many studies
have focused on the role of classical MHC molecules in
MS, little is known about the presence or function of
MHC class Ib molecules in this disease. Here we have
investigated the expression and localization of HLA-E in
the white matter of MS patients and healthy controls.

Materials and methods

Tissue samples

The MS and control brain tissue samples were donated
from the UK Multiple Sclerosis Tissue Bank (UKMSTB;
Centre for Neuroscience, Imperial College Faculty of
Medicine, Hammersmith Campus) and the Human
Brain Tissue Bank, Budapest (Department of Anatomy,
Semmelweis University, Budapest, Hungary). Fully
informed consent and ethical approval were obtained for

the collection and study of post-mortem tissue following
local guidelines and guidelines published by the BrainNet
Europe Brain Bank Consortium.*® All post-mortem MS
tissues were obtained via a UK prospective donor scheme
with full ethical approval (08/MRE09/31). Neuropatho-
logical confirmation of MS was carried out according to
the International Classification of Diseases of the Nervous
System criteria (www.ICDNS.org). Samples were taken
from 12 MS patients, 11 women and one man, with ages
at death ranging from 34 to 59 years (mean 46-6 years).
Two blocks with lesion were available for 10 of 12 the
MS cases. All lesions were selected for ongoing disease
activity status and were active or chronic active. Ongoing
disease activity status was confirmed with presence of lip-
ids phagocytosed by macrophages or phagocytic microglia
determined by standard Oil Red O stain, hence the pres-
ence of active focal inflammatory demyelination.”” The
largest lesion per MS case was chosen for extraction of
RNA. The majority of MS cases were secondary progres-
sive and disease duration ranged from 2 to 36 years
(mean 16-7 years). The 10 control patients, seven women
and three men, were free of any evidence of known neu-
rological disease, and had an average age at death of
47 years (range 26—60 years). Further details of control
and MS cases can be found in the Supplementary mate-
rial, Tables S1 and S2, respectively. Groups were matched
for gender and age at death and when compared were
not statistically different based on gender (Fisher’s exact
test; P = 0-2932) or age at death (independent t-test;
P =0-91) and showed similar homogeneity of variances
for both groups (F test = 0-33). The MS lesions were
identified on serial sections by standard immunostaining
for myelin oligodendrocyte glycoprotein (MOG) expres-
sion and by Luxol® fast blue (LFB) solution (Sigma-
Aldrich Company Ltd, Dorset, UK). Appendix and tonsil
inflamed tissue was donated from the Human Biomateri-
als Resource Centre (Hammersmith Hospitals NHS Trust,
Hammersmith Hospital, London). In addition to basic
clinical information, clinical milestone and baseline
assessment of post-mortem brain was available. All cases
at the UKMSTB undergo a thorough neuropathological
assessment and are graded on their cortical pathology,
axonal damage and lymphocytic infiltrate (degree of

inflammation) as described in Reynolds et al.>’

RNA extraction and quantitative real-time polymerase
chain reaction

RNA was extracted from white matter of MS and control
patients. White matter tissues were resected from snap-
frozen MS and control brain-tissue blocks and stored at
—80°. For MS tissue samples, white matter was taken
from within a lesion. Total RNA extraction was per-
formed using the RNeasy lipid tissue mini kit (Qiagen,
Crawley, UK). Concentrations and purity of RNA were
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analysed using a Nanodrop 1000 Spectrophotometer
(Thermo Scientific, Wilmington, NC).

Oligonucleotide forward and reverse primers and flu-
orophore and quencher labelled hydrolysis probes were
synthesized by Integrated DNA Technologies (Coralville,
IA) and combined in a single tube in a primer : probe
ratio of 2 : 1. In all cases, the detection probe for the gene
of interest included the non-emissive quenching molecule
6-carboxy-tertamethylrhodamine (TAMRA) and the fluo-
rescent label 6-carboxyfluorescein (6-FAM). The detection
probe for the reference gene included the quenching
molecule Iowa Black FQ (IBFQ) and the fluorescent label
hexachloro fluorescein (HEX). X-prolyl aminopeptidase
(aminopeptidase P) 1 (XPNPEP1) and gylceraldehyde 3-
phosphate dehydrogenase (GAPDH) were used as refer-
ence genes. An assay was designed that would amplify
within the coding sequence of HLA-E mRNA but not any
other HLA class I sequences and was designed to detect
common sequence across all allelic variants. A two-step
real-time reverse transcriptase quantitative PCR (RT-
qPCR) was performed using the QuantiTect™ reverse tran-
scription kit (Qiagen) and Brillant® 11 QPCR master mix
with low 6-carboxy-X-rhodamine (ROX) from Agilent
Technologies UK Ltd (Edinburgh, UK). For cDNA synthe-
sis, up to 1 ug total RNA from each sample was reverse
transcribed using a QuantiTect™ reverse transcription kit
with integrated removal of genomic DNA contamination.
No-reverse-transcriptase (NoRT) reactions consisted of
the same protocol as above but the Quantiscript reverse
transcriptase was omitted and replaced with RNAse free-
water. Real-time PCR experiments were performed using
the Mx3000PTM real-time PCR system with software
version 4.10 (Stratagene, La Jolla, CA). For each sample,
20-ul reactions were set up in duplicate and in duplex,
with each reaction containing 10 ul 2x master mix, 2 ul
10x primetime assay (1 pul GOI + 1 ul normalizer), 7 ul
RNAse-free water and 1 pl template cDNA. Prime-
TimeTM qPCR assays were purchased from Integrated
DNA Technology and are listed in Table 1. Reactions were
carried out with the following cycling protocol: 95° for

Table 1. Primers and probes used for RT-PCR
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10 min, then 45 cycles with a three-step programme (95°
for 15 s, 50° for 30 s and 72° for 30 s). Fluorescence data
collection was performed during the annealing step. Con-
trol NoRT reactions to test for contaminating DNA and a
negative control containing no cDNA template were intro-
duced in each run. Efficiencies of the primer/probe assays
were tested individually and in duplex. Expression levels
of target genes were normalized to the levels of the novel
XPNPEP1 reference gene and calibrated using a standard
curve method for quantification. Some experiments were
duplicated using a more commonly used normalizer;
GAPDH. The calibrator was generated by creating a pool
from all control cDNA samples. Levels of the calibrator
represented the baseline (of one) from which all RNA
expression values were calculated within an experiment.
The standard curve was used to determine relative quan-
tity expression values for each target gene after RT-qPCR
analysis of each test specimen. Relative expression values
for each target gene are expressed as a ratio of target gene
expression level to the reference gene expression level in
the same specimen.

Immunohistochemistry and immunofluorescence

Snap-frozen tissue sections were fixed in 4% paraformal-
dehyde for 10 min at 4° and sections were then permea-
bilized and endogenous peroxidase activity was removed
by incubation in methanol containing 1% hydrogen per-
oxide. Primary antibodies (listed in Table 2) were applied
and left to incubate overnight at room temperature (RT).
After overnight incubation, sections were rinsed (PBS)
and biotinylated secondary antibodies were applied for
45 min. Avidin biotin complex (ABC) was applied for
1 hr (ABC, prepared 30 min before application) and
slides were then rinsed in PBS. NovaRedTM (Vector®,
Burlingame, CA) chromogen was prepared to the manu-
facturer’s instructions and applied for 1-5 min. Sections
were counterstained in Mayer’s Haemalum for 2-5 s and
rinsed for 5 min under running water. Sections were
dehydrated and placed in 70% methylated spirit for

Gene Forward primer Reverse primer Probe

XPNPEP1  5-GTT CCA TCC TTG TAC 5'-TTC CCA ACG ATT 5'-/5SHEX/CCA TCA TTC ACT ACG CGC CGA TCC /3IABKFQ/-3'
TGA GCA-3' TCC AGC A-3'

GAPDH 5'-GGC CAT CCA CAG TCT 5'-CAG CCT CAA GAT CAT 5'-/5HEX/ATG ACC ACA GTC CAT GCC ATC ACT /3IABKFQ/-3'
TCT G-3' CAG CAA-3'

IL-15 5'-AGC TGG CAT TCA TGT 5-ATT ACA TTC ACC CAG  5'-/56-FAM/CCC TGC ACT /ZEN/GAA ACA GCC CAA /
CTT CA-3' TTG GCT-3' 3IABKFQ/-3'

NKG2A 5'-AGC TTC TCA GGA TTT  5'-GAC AGA TAA TTC CCA  5'-/56-FAM/ACT GCA AAG /ZEN/ATT TAC CAT CAG CTC CAG
TCA AGG G-3' GGA TCC C-3' A/3IABKFQ/-3'

HLA-E 5'-CTT GGA TCT GTG GTC 5'-AGC TGT CTC AGG CTT

TCT GG-3' TAC AAG-3'

5'-/56-FAM/TGG TTG CTG CTG TGA TAT GGA GGA AG/
3IABKFQ/-3’

XPNPEP1, X-prolyl aminopeptidase (aminopeptidase P) 1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-15, interleukin-15.
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Table 2. Primary antibodies used in this study

Antigen Dilution Target Donor species Source

HLA-E 1:100 Denatured heavy chain of human HLA-E Mouse monoclonal Abcam; clone MEM-E/02
MOG 1:50 Mpyelin and oligodendrocytes Mouse monoclonal  Gift of S. Piddlesden, Cardiff, UK
CD3 1:200 T cells, NKT cells Mouse monoclonal DakoCytomation; clone F7.2.38
CD8 1:100 CDS8 T cells Rabbit monoclonal Epitomics; clone EP1150Y
GFAP 1:200 Astrocytes Rabbit polyclonal DakoCytomation

vWE 1 : 1000 Endothelial cells, platelets and megakaryocytes Rabbit polyclonal Abcam

Ibal 1:2500 Macrophages and microglia Rabbit polyclonal Wako Pure Chemical Industries
HLA-DP, DQ, DR 1:100 DP, DQ and DR heterodimers Mouse monoclonal DakoCytomation

CD68 1:100 Monocytes and macrophages Mouse monoclonal ~ DakoCytomation

IgGl isotype control 1:100 No target Mouse monoclonal Abcam

Ibal, Tonized calcium-binding adaptor molecule 1; vWf, von Willebrand factor; MOG, myelin oligodendrocyte glycoprotein; GFAP, glial fibrillary

acidic protein; HLA-E, human leucocyte antigen-E.

1 min, then 90% for 1 min, then 100% for 1 min, and
again at 100% for 1 min. Immunofluorescence staining
was as described for immunohistochemistry (up to the
step of ABC application) except that the secondary
antibodies used were fluorescently labelled and used at
1:500 (Invitrogen, Paisley, UK). After 45 min in
the dark, the sections were rinsed in PBS (three times).
Coverslips were applied using fluorescent mounting med-
ium (DAKO, Ely, UK) and DAPI (Invitrogen) and the
slides were dried under pressure. Images were ascertained
using IMAGEPRO7 software (MediaCybernetics, Inc., Beth-
esda, MD) and captured with a Nikon Eclipse E1000M
microscope/digital camera system. The CD8-positive
immunolabelled cells (Mab EP1150Y; see Table 2) were
counted by two independent, blinded observers, within
the lesion area defined by MOG and LFB staining and
given a mean score (vision inspection scale: 0 = no cells;
1 =0-10 cells; 2 = 10-20 cells; 3 = > 20 cells). Positive
immunolabelling was highlighted by setting the grey-level
detection limits to threshold using ImMAGE] software”® and
the area of highlighted immunolabelling was obtained as
percentage area of the field scanned. Five fields per tissue
section were scanned and the mean values were used in
subsequent statistical analysis. Fluorescence images were
ascertained by fluorescent microscopy using the same
Nikon Eclipse E1000M microscope/digital camera system
(QImaging, Surrey, BC, Canada) and the Leica TCS
STED confocal microscope (Leica Microsystems GmbH,
Wetzlar, Germany). Digitized images were processed
using ImaGe ProPrus (Media Cybernetics, Rockville, MD)
and IMaGE] and prepared in ADOBE PHOTOSHOP.

Statistical analysis

Group difference was established by using paired or inde-
pendent Student’s #-test (one-tailed or two-tailed) unless
otherwise stated. Multiple group comparison was assessed
using a one-way analysis of variance with Bonferroni’s
Multiple Comparison Test. Homogeneity of variance was

assessed using F-test. Data are shown as mean + SEM
unless stated; differences were taken as significant when
P < 0-05.

Results

MS active lesions show up-regulation of HLA-E

We investigated up-regulation of HLA-E mRNA expres-
sion in CNS white matter lesions (WML) from patients
with secondary progressive MS relative to control tissue.
Significantly increased levels (P = 0-0002; two-tailed) of
HLA-E mRNA were detected in WML from MS
patients (2:96 + 0-39; n = 12) compared with controls
(0-84 + 0-14; n = 10; Fig. 1).
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Figure 1. Increased HLA-E mRNA levels in multiple sclerosis (MS)
white matter lesions. Snap-frozen tissue from the largest identified
lesion from each patient tissue block, established by myelin oligo-
dendrocyte glycoprotein staining, was macrodissected and RNA was
extracted as described in the Materials and methods. Increased levels
(P = 0.0002; two-tailed) of HLA-E mRNA were detected in white
matter lesions from MS patients (2.96 + 0.39; n = 12) compared
with controls (0.84 + 0.14; n = 10). Data were normalized using
X-prolyl aminopeptidase (aminopeptidase P) 1.
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We then investigated and quantified HLA-E protein
expression in WML by immunohistochemistry and con-
firmed the increases seen at the mRNA level. Mean
expression of HLA-E was determined from two different
lesions per case. White matter from non-MS controls
showed little or no detectable HLA-E protein expres-
sion (Fig. 2a). The HLA-E protein levels (HLA-E-immn-
olabelling, HLA-E-il) were significantly up-regulated
(P = 0-018; one-tailed) in MS tissue (0-767 + 0-21) com-
pared with controls (0-2541 + 0-062; Fig. 2b,c). Overall,
staining was mostly detected on endothelial cells and on
cells that may have been ramified microglia (Fig. 2d). To
confirm HLA-E expression on endothelial cells, immuno-
fluorescence co-expression studies were performed
(Fig. 3). Expression of HLA-E by endothelial cells was
confirmed by co-staining with anti-von Willebrand factor
staining (Fig. 3d—f). There was relatively poor co-localiza-
tion with anti- glial fibrillary acidic protein (GFAP), argu-
ing against HLA-E expression by astrocytes (Fig. 3a—c),
though the apparent cytoplasmic staining in a minority
of GFAP" cells will require further investigation.

HLA-E protein expression in MS patients is largely
restricted to active lesions and not chronic lesions

The heterogeneous distribution of HLA-E observed in MS
lesions warranted further investigation. Multiple sclerosis
lesions can be classified according to the extent of demye-
lination and the abundance of infiltrating immune cells.
Consequently, MOG staining was used to assess demye-
lination and HLA class II and CD3 staining were used to
determine the number of infiltrating macrophages and
CD3" T cells respectively (data not shown). Active lesions

Figure 2. Increased HLA-E protein expression
in multiple sclerosis (MS) white matter lesion.
Little HLA-E immunolabelling (HLA-il) was
detectable in white matter from control tissues
(a) compared with MS white matter lesions
(b). Staining was mostly detected on endothe-
lial cells and astrocytes (d). (c) Levels were sig-
nificantly up-regulated (P = 0.018; one-tailed)
in MS tissue (0.767 + 0.21) compared with
controls (0.2541 + 0.062). Scale bar = 30 um
for a; 20 pum for b, 10 um for d.
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were defined as those that had a diffusely demarcated
edge with patchy demyelination within the core and
many infiltrating cells. Chronic active lesions represent
the stage between active lesions and chronic lesions, being
largely clear of myelin and infiltrating immune cells,
except around the lesion edge.”” Among the MS sections,
the distinction between the chronic and chronic active
lesions was not always apparent, with many of the larger
lesions showing characteristics of both. For this reason,
the chronic and chronic active lesions were grouped
together for analysis. The MS sections that contained
active lesion had more HLA-E than sections that con-
tained a chronic/chronic active lesion (Fig. 4a). In addi-
tion, HLA-E protein expression was more pronounced in
cases that presented more active lesions at the time of
death (P = 0-024; Mann—Whitney test; Fig. 4b). Increase
in HLA-E protein expression was associated with a higher
degree of inflammation (scale 0-5; Spearman r = 0-71;
P = 0-0098; Fig. 4c).

HLA-E up-regulation and infiltration by CD8" or
NK cells

It was of interest to ascertain whether lesions showing
up-regulation of HLA-E showed associated infiltrates of
NK cells, CD8" cells, or both. The latter cell-type is of
particular interest in this context with respect to the
recent discussion of HLA-E-restricted regulatory CD8"
cells in autoimmunity.”> We have recently reported on
the paucity of infiltrating NK cells in the lesions analysed
from this donor cohort.”® Active lesions showed more
extensive CD8" T-cell infiltrates compared with chronic
active lesions (Fig. 5a) and when CD8" cell activity was
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Figure 3. Central nervous system co-staining
of HLA-E with glial fibrillary acidic protein
(GFAP) and von Willebrand factor antibodies.
(a) HLA-E (green) in general does not co-
localize with the astrocyte marker GFAP (red)
(b). HLA-E (green) (d)
endothelial cells (e) using antibody to the

was observed on

endothelial marker von Willebrand factor.
Scale bar = 10 um.
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Figure 4. Increased HLA-E protein expression in early active lesions. HLA-E protein expression was assessed in individual lesions divided into

active or chronic active lesions (a). There was a significant difference (analysis of variance; P = 0.006) in HLA-E expression in active lesions
(1.16 + 0.31) compared with chronic active lesions (0.33 + 0.12) and controls (0.25 + 0.06). HLA-E protein expression was also more pro-
nounced in cases that presented more post-mortem early active lesions based on neuropathological assessment (b; P = 0.024; Mann—Whitney

U-test; out of 12 cases, five were negative and seven were positive for presence of early active lesions). Finally (c), when correlated with degree of

inflammation scores (0-5) attributed to the 12 multiple sclerosis (MS) cases as described in the Materials and methods, there was a positive cor-

relation with HLA-E protein expression (Spearman r = 0.71; P < 0.01). Higher levels of HLA-E protein expression correlated with higher degrees

of inflammation scores suggesting a direct relation between levels of central nervous system inflammation and HLA-E expression. *P < 0.05.

correlated with HLA-E expression (Fig. 5b), there was
significant positive correlation, suggesting that increased
levels of HLA-E correlated with increased number of
CD8" cells (XY =22 pairs, 7 =0-2062, P = 0-0337).
Immunofluorescent CD8" cells were detected in the vicin-
ity of HLA-E" cells, though only rarely were CD8" cells
themselves positive for HLA-E expression (Fig. 5¢).

Lack of difference in NKG2A mRNA expression
between white matter lesions of MS patients and
normal white matter of controls

NKG2A is believed to be the major receptor for HLA-E."*
It was therefore hypothesized that NKG2A mRNA expres-
sion, for example on infiltrating CD8" cells, may correlate

322

with HLA-E expression and so be significantly greater in
MS patients than controls. However, NKG2A expression
was not significantly up-regulated in MS lesions (Fig. 6).

Discussion

There is considerable interest in the role of innate immu-
nity, pathogenic or regulatory, in MS, including potential
roles of NK cells and the role of killer immunoglobulin-
like receptor genotypes in susceptibility.>”'***2*% Fur-
thermore, the potential role of NKG2A™ regulatory CD8
cells in MS has been debated.> Current mainstream
models of NK cell surveillance are inadequate to account
for an activation signal that may operate in the context of
a disease such as MS. That is, NK cells are classically
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Figure 5. CD8 cells in active lesions co-localize
with HLA-E. More CD8" cells were found in
active lesions (a; P = 0.0228; Mann—Whitney
U-test). Also, more HLA-E protein expression
was detected in lesion tissue enriched with

CD8" cells. There was mild but positive corre-
lation (* =0.2; P =0.03) between the pres-
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Figure 6. NKG2A mRNA expression. No difference in NKG2A
mRNA expression was determined between white matter lesions of
multiple sclerosis (MS) patients and white matter of non-MS con-
trols.

considered to survey down-modulation of HLA class I
expression, generally as a consequence of viral subversion
or tumorigenesis, or in rare cases may be shown to detect
viral peptides bound in HLA class I grooves.”"** Despite
the widespread interest in NK cell actions in a wide range
of autoimmune diseases including MS,* there is a lack of
any clear notion as to which ligands might be preferen-
tially expressed by autoimmune target tissue. In the case
of MS, although there is considerable literature on the
functions of NK cells, we have no model for the changes
that may be recognized by these NK cells and account for

(c)
ence of CD8" cells and HLA-E expression,

suggesting that increased levels of HLA-E cor-

relates with increased infiltration of CD8" cells

(b). Co-localization confirms presence of CD8"*

cells (marked by asterisk) near HLA-E" cells HLAE
(c). Scale bar = 10 um.

recognition. There has been little investigation into the
expression of MHC class Ib molecules in MS. Here we
have taken the first steps in exploring the possibility that
this ligand might be supplied by the up-regulation of
HLA-E as a consequence of local cellular stress. We have
shown an increase in HLA-E expression in the CNS white
matter of MS patients both at the level of mRNA produc-
tion and protein expression.

We have shown HLA-E expression on endothelial cells
of both MS patients and controls, but generally more
intense in MS patient tissue. In vitro studies previously
showed endothelial cell HLA-E up-regulation in response
to tumour necrosis factor-u, interferon-y and interleukin-
15.°* High expression of HLA-E is therefore likely against
a backdrop of CNS inflammation and would seem to
serve as a marker of endothelial cell activation. In lym-
phoid organs, HLA-E expression has been observed on
T and B cells, and macrophages. In non-lymphoid tissue
the assumption has been that HLA-E expression is
restricted to endothelial cells.”* Kren et al,” analysing
normal CNS tissue, found HLA-E expressed on endothe-
lial cells and also, rarely (one case in eight), on microglia;
among cases of glioblastoma, tumour-infiltrating
microglia/macrophages were strongly positive for HLA-E
expression although the staining appeared cytoplasmic
rather than cell surface. We also observed few HLA-E*
microglia. Macrophages laden with myelin debris are
often observed in MS***” and in EAE.”® It is possible that
the HLA-E in foamy macrophages may be not of endoge-
nous origin, but may originate from ingested cell debris
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from surrounding dead cells. The evidence supporting a
role for regulatory CD8 cells in control of MS was
recently reviewed.”® Although a case has previously been
made for a potentially regulatory role of class 1b-positive
T cells in the cerebrospinal fluid during neuroinflamma-
tory disease,*” we could here find only a minority of cells
in which HLA-E staining in the CNS was accounted for
by co-expression in HLA-E" T cells.

To conclude, we have found that the white matter
lesions of MS patients express significantly more HLA-E
mRNA and protein than the non-MS white matter.
Moreover, we have shown that HLA-E protein expression
is largely restricted to active MS lesions. We hypothesize
that HLA-E may play a protective role through the acti-
vation of HLA-E-restricted regulatory CD8" T cells.
Although the presence of CD8 T cells in CNS tissue from
MS patients has been regarded as a marker of immune
pathogenesis, it may be that in some cases, CD8 infiltrates
should be regarded as markers of regulation, albeit ulti-
mately unsuccessful.
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