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Abstract Expression and function of the immunoregulatory
molecule HLA-E was investigated in patients with relapsing-
remitting (RR) multiple sclerosis (MS). Serum and cerebro-
spinal fluid (CSF) soluble (s)HLA-E and -G levels were
measured by ELISA in 80 RRMS patients. Controls were
patients with other inflammatory neurological disorders
(OIND, n=_81) and noninflammatory neurological disorders
(NIND, n=86). Serum sHLA-E concentrations were higher in
RRMS than in NIND patients only. CSF sHLA-E concentra-
tions were higher in RRMS than controls. Increased CSF
sHLA-E levels were detected in MRI inactive and clinically
stable RRMS patients. sHLA-E intrathecal synthesis (ITS)
was higher in RRMS than controls, and the number of patients
with sHLA-E ITS above cut-off was higher i) in MS than
controls, and ii) in clinically stable than clinically active MS
patients. SHLA-E CSF levels and ITS correlated with 1) the
same sHLA-G parameters, and ii) disease duration. HLA-E
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expression and co-expression with CD markers were investi-
gated in MS plaques from three different cases by immuno-
histochemistry and confocal microscopy, respectively.
Infiltrating T lymphocytes and macrophages, as well as resi-
dent microglial cells and astrocytes expressed HLA-E. CSF
samples from MS patients were finally tested for inhibitory
activity of in vitro CTL and NK cell mediated cytotoxicity.
SHLA-E" were more effective than SHLA-E~ CSF samples in
such inhibition. Maximum inhibition was achieved with
SHLA-E"/SHLA-G" CSF samples In conclusion, increased
sHLA-E CSF levels may play an immunomodulatory role in
MS, contributing to the inhibition of intrathecal inflammatory
response. The potential of SHLA-E as biomarker of MS ac-
tivity warrants further investigation.
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Introduction

HLA-E belongs to “non-classical” HLA-class Ib molecules,
that also include HLA-G, -F and -H (Le Bouteiller and
Lenfant 1996). In contrast with highly polymorphic HLA-
class Ia molecules (HLA-A, -B and -C) HLA-Ib molecules
display a low degree of polymorphism, and different immu-
noregulatory properties (O’Callaghan and Bell 1998). HLA-G
has been extensively characterized in the last years (Pistoia
et al. 2007), whereas limited information are so far available
on HLA-E, -F and -H.

HLA-E mRNA expression has been detected in different
cell types. However, HLA-E expression on the cell surface,
that requires the presence of nonapeptides derived from the
HLA-I molecules leader peptide and of 32 microglobulin, is
extremely restricted, and may be related to cell activation
(Braud et al. 1998a). HLA-E exerts immunosuppressive
functions, inhibiting NK cell and CD8" T cell mediated lysis
upon interaction with the NKG2A/CD94 inhibitory receptor
(Braud et al. 1998b). However, in some physiological con-
ditions, HLA-E interacts also with NKG2C/CD94 activating
receptor, especially when HLA-E binds HLA-G derived
peptides (Llano et al. 1998). Moreover, HLA-E can bind
peptides derived from self or foreign proteins and present
them to classical CD8" T cells (Garcia et al. 2002; Pietra et
al. 2003). Finally, a sub-population of HLA-E restricted
regulatory CD8" T cells has been characterized in mice
(Lu et al. 2008).

In the last years, the expression and function of soluble
(s)HLA-E, that is generated by shedding of the membrane-
bound molecule operated by metalloproteases, have been
characterized in different pathological conditions, such as
melanoma (Allard et al. 2011) and juvenile idiopathic arthritis
(Prigione etal. 2011). Moreover, it has been demonstrated that
sHLA-E is released by endothelial cells upon activation
(Coupel et al. 2007).

A strong correlation between HLA-E and HLA-G has been
demonstrated in physiological and pathological conditions
(Rabot et al. 2005; Kren et al. 2011). HLA-G expression and
function have been characterized in the last years in patients
with multiple sclerosis (MS), a chronic inflammatory disease
of the central nervous system (CNS) of autoimmune patho-
genesis (Goverman 2009). HLA-G has an important role in
MS, since i) cerebrospinal fluid (CSF) levels and intrathecal
synthesis (ITS) of sHLA-G are increased in MS with respect
to controls and associated with clinical and radiological evi-
dence of disease remission (Fainardi et al. 2003, 2006), ii)
elevated sHLA-G in CSF correlates with the presence of an
anti-inflammatory and pro-apoptotic intrathecal microenvi-
ronment (Fainardi et al. 2003, 2008) and is predominantly
composed of HLA-GS5 isoform (Fainardi et al. 2007), iii) HLA-
G expression is high within and around MS lesions and on
monocytes in CSF of MS patients (Wiendl et al. 2005), and iv)

HLA-G" regulatory T cells are recruited in CNS and highly
represented in CSF and inflammatory brain lesions of MS
patients (Huang et al. 2009).

With this background, we have here investigated i) the
presence of SHLA-E in serum and CSF from MS patients
and controls, ii) correlations between sHLA-E and sHLA-G
concentration in CSF, and iii) correlations between serum
and CSF levels of sHLA-E, clinical/radiological disease
activity and clinical features in RRMS patients.

Materials and methods
Patients

The approvals of the Committee for Medical Ethics in
Research of the University of Ferrara and of the Ethical
Committee of the G. Gaslini Institute have been obtained
for experiments involving human subjects. Written in-
formed consent was obtained from all subjects participating
in the study.

MS patients’ characteristics are summarized in Table 1. CSF
and serum samples were collected from 80 patients satisfying
the criteria for definite MS according to McDonald classifica-
tion (McDonald et al. 2001), and admitted to the MS Centre of
the Section of Neurology, University of Ferrara. All patients
suffered from relapsing remitting (RR) MS, diagnosed
according to the Lublin criteria (Lublin and Reingold 1996).
Clinically active disease was defined as the occurrence of a
relapse at admission (Lublin and Reingold 1996), and patients
were classified as clinically active (CA, n=60) or clinically
stable (CS, n=20). Disease severity was scored at the time of
sample collection using Kurtzke’s Expanded Disability Status
Score (EDSS) (Kurtzke 1983). At the time of sample collec-
tion, patients with i) symptoms of acute infection or ii) who had
received potential disease-modifying therapies during the
6 months before the investigation, were excluded from
the study.

CSF and serum samples from patients with other inflam-
matory neurological disorders (OIND, n=81) and non-
inflammatory neurological disorders (NIND, n=86), free
of immunosuppressant drugs at the time of sample collec-
tion, were tested as neurological controls. NIND and OIND
patients’ characteristics are summarized in Table 2.

Table 1 Features of MS patients at entry

n  Sex Age EDSS EDSS Disease Disease
(years) (mean)® (range)® duration duration

F M (months)  (range)

80 56 24 382+11.1 2.1+1.4 0-6 30.4+45.8 0-240

*EDSS: Kurtzke’s Expanded Disability Status Score
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Table 2 Features of NIND and OIND patients at entry

Patients n  Sex Age (years) Type of disease

F M

OIND 81 37 34 38.1+10.14

30 Chronic inflammatory
demyelinating polyneuropathy

18 Acute inflammatory
demyelinating polyneuropathy

8 Herpes simplex virus-1
encephalitis

3 Varicella-zoster virus
encephalitis

Neurolupus
Post-infectious myelitis
Inflammatory myelitis
Viral meningitis
HIV-related
leukoencephalopathy

NN W

Bacterial meningitis

— N

Acute disseminated
encephalomyelitis

1 Post-infectious posterior
reversible encephalopathy
syndrome

1 NeuroSjogren

1 NeuroBehget

1 Myasthenia gravis

86 50 36 39.16+10.59

15 Transient ischemic attack

NIND

Vascular dementia

—

Amyotrophic lateral sclerosis
Brain tumors

Headache

Migraine

Mild cognitive impairment
Epilepsy

Cervical spondylosis
Hereditary ataxia
Alzheimer disease
Intracerebral hemorrhage
Parkinson disease
Compression neuropathy
Venous thrombosis
Hydrocephalus

—_— = = N W W W kR AR 0O =

Multiple system atrophy

CSF specimens were obtained by non-traumatic lumbar
puncture performed for diagnostic purposes. Serum samples
were prepared by centrifugation of blood specimens with-
drawn by puncture of an anterocubital vein at the same time
of CSF extraction. Paired CSF and serum samples from MS

@ Springer

patients and controls were collected after informed consent
(according to the Declaration of Helsinki) under sterile condi-
tions, and stored at —70 °C until tested. All samples were
analyzed blind, without knowledge of clinical and radiological
findings.

Magnetic resonance imaging technique

Brain magnetic resonance imaging (MRI) scans were
performed within 48 h after sampling as previously described
(Fainardi et al. 2006). Accordingly, 27 MS patients (24 CA
and 3 CS) showing Gadolinium (Gd) enhancement were
classified as MRI active (Gd+), and 53 (36 CA and 17 CS)
were considered as MRI inactive (Gd—). All brain MRI scans
were evaluated blind by one investigator (E.F.).

sHLA-E and sHLA-G specific ELISA

Enzyme-Linked Immunosorbent Assay (ELISA) for sHLA-E
was performed as previously described (Prigione et al. 2011).
Briefly, MaxiSorp Nunc-Immuno 96 microwell plates (Nunc
A/S, Roskilde, Denmark) were coated overnight at 4 °C with
3D12 mAb, specific for HLA-E HC (eBioscience, Science
Center Drive, San Diego, CA, USA). After three washes with
PBS 0.05 % Tween 20 (washing buffer), plates were saturated
with 200 pl/w of PBS 2 % BSA (Sigma, St. Louis, MO, USA)
for 30 min at RT. 100 pl of test samples (CSF or sera) or
standard (serial dilutions of total extract from normal periph-
eral blood mononuclear cells) were added to each well and
incubated at RT for 2 h. After three washes, 100 pl of detec-
tion reagent (HRP-conjugated anti-(32 microglobulin mAb,
Exbio, Vestec, CZ) was added, and plates were incubated
for 2 h at RT. After three washes, 100 pl of TMB (substrate
for HRP), was added, and reaction was stopped after approx-
imately 30’ by adding H,SO,4 5N. Absorbance at 450 nm was
measured using Infinite® 200 PRO spectrometer (Tecan
Group Ltd., Seestrasse, Mannedorf, Switzerland). Results
are expressed as arbitrary units/ml (1 unit = quantity of
sHLA-E in 1 pug of total extract).

sHLA-G ELISA was carried out in undiluted CSF and
serum samples as described elsewhere (Fainardi et al. 2003)
using as capture antibody the mAb MEM-G9 (Exbio, Praha,
Czech Republic), which recognizes the HLA-G molecule in
[32-microglobulin associated form, at a concentration of
20 ng/ml. As detecting antibody an anti-(32-microglobulin
MoAb conjugated with HRP was used (DakoCytomation,
Redovre, Denmark). The intra-assay coefficient of variation
(CV) was 1.4 % and the inter-assay CV was 4.0 %. The limit
of sensitivity was 1.0 ng/ml.

According to the IgG Index, intrathecal production of both
sHLA-E and sHLA-G was calculated by the following formula:
SHLA Index = CSF/serum sHLA: CSF/serum albumin, where
the ratio between CSF and serum albumin concentrations



J Neuroimmune Pharmacol (2013) 8:944-955

947

represents the status of blood-CSF-barrier. Intrathecal synthesis
was assumed for values greater than 3 SD above the mean of
NIND.

Human tissue histology

HLA-E expression in human MS and non MS tissues was
investigated using 6 pum thick sections of OCT embedded
human tissues from 3 post-mortem MS and one non-MS
brains provided by the Italian Multiple Sclerosis Brain
Bank, Genoa and stored at —80 °C until tested. Tissue
sections were layered onto glass slides, frozen, air-dried
and fixed in methanol at 4 °C for 20 min. For immunohis-
tochemical analysis, sections were stained with anti-CD45
(Thermo Scientific, 1:50 dilution) or anti-HLA-E (LifeSpan
Biosciences, 1:100 dilution) monoclonal antibodies (Abs),
using a biotinylated anti-mouse IgG Ab as secondary reagent
(UltraVision Plus Detection System, Thermo Scientific). The
latter was detected by horseradish peroxidase (HRP)
(Sigma Aldrich) and stained tissue sections were examined
with an Olympus Provis AX70 optical microscope.

For double immunofluorescent analysis, CD3, CD68,
IBA1 and GFAP were detected using specific rabbit poly-
clonal Abs and Alexa Fluor 594 conjugated anti-rabbit
secondary Ab (Molecular Probes, 1:200 dilution). HLA-E
was detected using a specific mouse monoclonal Ab and
Alexa Fluor 488 conjugated anti-mouse secondary Ab
(Molecular Probes, dilution 1:200). Nuclei were counterstained
with DAPI (Sigma), followed by fluorescent mounting
(DakoCytomation). Negative controls were prepared by omit-
ting either the primary or the secondary antibodies in the double
immunofluorescence analysis.

Fluorescence image acquisition was performed by a
multi-channel Leica TCS SP5 laser-scanning confocal mi-
croscope, equipped with 458, 476, 488, 514, 543 and
633 nm excitation lines. Images (512x512 pixels, 12 bit)
were taken through a plan-apochromatic oil immersion ob-
jective 63x/NA 1.4. Light collection configuration was opti-
mized according to the combination of chosen fluorochromes
and sequential channel acquisition was performed to
avoid cross-talk phenomena. Leica LasAF software
package was used for acquisition, storage and visualiza-
tion. Each slide was analyzed by counting at least three
different fields.

Generation of CTL, NK and dendritic cells from normal donors

The study was approved by the Ethical Committee of the G.
Gaslini Institute, Genoa, Italy. Peripheral blood (PB) samples
from two normal donors were obtained following written
informed consent. Mononuclear cells (MNC) were isolated
by Ficoll-Hypaque (Sigma) density gradient.

Monocyte enriched cell populations were then isolated
by Percoll (Pharmacia, Uppsala, Sweden) 50.6 % density
gradient centrifugation, resuspended in X-VIVO 15® medium
(Cambrex) and plated onto 6 well plates (Corning Incorporated,
NY, USA) at 2x 10%/well. After 2 h incubation, non
adherent cells were removed and adherent cells were cultured
in X-VIVO 15® medium with 400 U/ml rtGM-CSF (PeproTech
EC, London, UK) and 25 ng/ml rIL-4 (ImmunoTools,
Friesoythe, Germany) for 5 days to generate immature dendrit-
ic cells (iDC). In some experiments, iDC were pulsed with
EBNA-1 antigen (Prospec, Rehovot, Israel, 1 pg/ml) for 18 h
and then treated with rIL-6 (125 U/ml), rTNF-« (5 ng/ml),
rIL-13 (5 ng/ml, Strathmann Biotech AG, Hamburg,
Germany) and PGE, (1 pg/ml) (Sigma-Aldrich, Saint Louis,
MO, USA) for 24 h to generate EBNA-1 pulsed mature
dendritic cells (mDC).

CDS8" T cell populations were purified from PBMC by
immunomagnetic enrichment with CD8 MicroBeads (Miltenyi
Biotec GmbH, Bergisch Gladbach, Germany). CD8" T cells
were cultured in 96 well plates (Corning) at 10:1 cell ratio with
autologous EBNA-1 pulsed mDC in RPMI 1640
supplemented with 10 % heat inactivated human AB
serum and 5 ng/ml rIL-7 (Peprotech). Lymphocytes
underwent 3 rounds of weekly stimulation with autologous
EBNA-1 pulsed mDC and, starting from the second round
of stimulation, 10 ng/ml rI[L-15 (Immunotools) were added
to the culture medium.

Total NK cells were isolated from PB samples using NK
isolation kit (Myltenyi Biotec), following manufacturer’s
protocol. NK cells were cultured in RPMI 10 % FBS at
37°Cand 5 % CO, with 10 ng/ml IL-15 (Immunotools) for
24 h before being used as effector cells.

Cytotoxicity assay

Epstein—Barr Virus nuclear antigen (EBNA)-1 specific CTL
and activated NK cells were pre-treated for 30" at 37 °C as
follows: i) medium alone, ii) HLA-E"/HLA-G~ CSF samples
from three MS patients, ii) HLA-E /HLA-G" CSF samples
from three MS patients, iii) HLA-E /HLA-G CSF samples
from three MS patients, and iv) HLA-E'/HLA-G" CSF sam-
ples from three MS patients. Cells were then used as effector
cells in a standard 4 h >'Cr release assay. EBNA-1 specific
CTL were tested against autologous EBNA-1 pulsed mDC
and activated NK cells were tested against autologous iDC.
Effector to target (E:T) cell ratio was 50:1 and 25:1, respec-
tively. Blocking experiments were performed adding to target
cells (EBNA-1 pulsed mDC) anti-HLA class I mAb TP25.99
mAb (10 pg/ml) 30 min before culture with EBNA-1 specific
CTL. Specific lysis was determined according to the
formula: % specific lysis = cpm (sample-spontaneous)/cpm
(total-spontaneous) x 100.
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Statistical analysis

The normality of each variable was checked by using the
Kolmogorov—Smirnov test. When normality of data distribution
was found in all variables, statistical analysis was performed
by a parametric approach. Conversely, when normality of
data distribution was rejected in several variables, a non-
parametric analysis was applied. Accordingly, ¢ test or
Mann—Whitney test was used to compare CSF and serum
mean levels of sHLA-E among the various groups, whereas
Chi-square test was used to compare percentages of i) MS,
NIND and OIND patients or ii) CA, CS, Gd" and Gd~ MS
patients for sHLA-E index analysis. In cases of multiple
comparisons, a Bonferroni posthoc correction was applied.
As normality of data distribution was not detected in several
MS variables, the Spearman rank correlation coefficient test
was used to identify possible relationships among different
variables. The significance range as follows: *p<0.05
(significant), **p<0.005, and ***p<0.0005.
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Fig. 1 sHLA-G and -E concentration in biological samples. sHLA-G
and -E concentrations were evaluated by ELISA in serum (a and c,
respectively) and CSF (b and d, respectively) samples from 80 MS, 81
OIND and 86 NIND patients. Results are expressed as ng/ml (sHLA-
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Results

sHLA-G and sHLA-E concentration in biological samples
from MS, NIND and OIND patients

First, concentrations of SHLA-G and -E were tested in
serum and CSF samples from MS, OIND and NIND pa-
tients. CSF and serum sHLA-G levels were detectable in
56/80 (70 %) and 51/80 (63.75 %) MS, in 32/81 (39.51 %)
and 26/81 (32.1 %) OIND and in 15/86 (17.44 %) and 25/86
(29.07 %) NIND patients, respectively, whereas CSF and
serum sHLA-E concentrations were measurable in 71/80
(88.75 %) and 77/80 (96.25 %) MS, in 48/81 (59.26 %)
and 77/81 (95.06 %) OIND and in 51/86 (59.3 %) and 72/86
(83.72 %) NIND patients, respectively.

sHLA-G concentration has been previously analyzed
in biological samples from MS patients (Fainardi et al.
2006, 2007, 2008). Consistently with published data, we
found that serum sHLA-G levels were significantly higher in
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G) or arbitrary units/ml (sHLA-E). Each point represents a single
observation. Horizontal bars indicate medians. p values are indicated
where difference is statistically significant
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MS patients than in NIND (ng/ml, mean + SD; MS 6.41+
8.25; NIND 2.56+6.01; p<0.0001) and OIND patients
(ng/ml, mean + SD; OIND 3.23+6.7, p=0.0006; Fig. 1a).
CSF levels of sHLA-G were also significantly higher in MS
patients than in NIND (ng/ml, mean + SD; MS 18.08+19.16;
NIND 1.2+7.21; p<0.0001) and in OIND (ng/ml, mean = SD;
OIND 6.02+12.65; p<0.0001) patients (Fig. 1b).

In contrast, serum sHLA-E levels were significantly
higher in MS patients than in NIND (units/ml, mean + SD;
MS 25.1+£27.3; NIND 16.6+24.4; p=0.0085) but not OIND
patients (units/ml, mean = SD; OIND 21.4+25.7; Fig. 1c).
Conversely, as shown in Fig. 1d, CSF levels of sHLA-E
were significantly increased in MS patients as compared to
either NIND (units/ml, mean £ SD; MS 19.3+21.1; NIND
7.1£8; p=0.0009) or OIND (units/ml, mean + SD; OIND
9.5+14.1; p=0.0022) patients.

Of note, no significant differences were found in demo-
graphic, clinical and radiological data between CSF and
serum sHLA-G positive and negative MS, OIND and
NIND patients (data not shown).

sHLA-E levels are increased in CSF from MS patients
and correlate with disease activity

Next, we compared serum and CSF sHLA-E levels between
MS patients with 1) clinically active (CA) vs clinically stable
disease (CS) and ii) MRI active (Gd+) vs MRI inactive (Gd—)
disease.

As shown in Fig. 2a, serum levels of sHLA-E were
similar in CA MS and CS MS patients (units/ml, mean +
SD; CA 25.5+27.8; CS 23.74+26.5), whereas CSF sHLA-E
levels were significantly higher in CS than in CA MS
patients (units/ml, mean + SD; CA 14.7£19.5; CS 30.7+
20.9; p=0.0042). Accordingly, as shown in Fig. 2b, serum
levels of SHLA-E were similar in Gd+ and Gd— MS patients
(units/ml, mean + SD; Gd+ 19.5+20.1; Gd— 28+30.2),
whereas CSF sHLA-E levels were significantly higher in
Gd- than in Gd+ MS patients (units/ml, mean + SD; Gd+
10.7+16.1; Gd— 23.8+22.2; p=0.0081).

ITS of sHLA-E is increased in MS patients and correlates
with disease activity

Next, we analyzed the intrathecal synthesis (ITS) of sHLA-G
and sHLA-E. sHLA-G and -E index values were calculated in
47 MS, 52 OIND and 46 NIND patients.

sHLA-G index was significantly higher in MS patients
(mean + SD; 0.53+0.94) than in OIND (mean + SD;
0.154+0.43, p=0.0002) and NIND (mean + SD; 0.01+
0.04, p<0.0001) patients (Fig. 3a), as previously reported
(Fainardi et al. 2006). Similarly, SHLA-E index was signifi-
cantly higher in MS patients (mean + SD; 0.54+0.74) than in
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Fig. 2 Correlations between CSF sHLA-E concentration and disease
activity. SHLA-E concentrations were evaluated by ELISA in serum
and CSF samples from 60 clinically active (CA) and 20 clinically
stable (CS) (a), as well as from 27 Gd* and 53 Gd~ (b) MS patients.
Results are expressed as arbitrary units/ml. Each point represents single
observations. Horizontal bars indicate medians. p values are indicated
where difference is statistically significant

OIND (mean + SD; 0.16+0.52, p<0.0001) and NIND
(mean + SD; 0.08+0.15, p<0.0001) patients (Fig. 3b).

The cut-off level for sHLA-E index, calculated in NIND
patients (as described above), was 0.54. As shown in
Fig. 3c, the number of patients with sHLA-E index values
above cut-off level was significantly higher in MS patients
(15/47,31.9 %) than in NIND (1/46, 2.17 %, p=0.0002) and
in OIND (3/52, 5.76 %, p=0.0012) patients.

Next, we analyzed patients with SHLA-E index above
cut-off value in i) CA vs CS and ii) Gd+ vs Gd— MS
patients. As shown in Fig. 3c, the number of patients with
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Fig. 3 Intrathecal synthesis of A B
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sHLA-E index values above cut-off was significantly higher
in CS (8/14, 57.14 %) than in CA MS patients (7/33,
21.21 %, p=0.03), whereas no significant differences were
detected between Gd— (8/30, 26.66 %) and Gd+ (7/17,
41.17 %) MS patients.

Correlations between SHLA-E, sHLA-G and MS clinical
features

We next performed a statistical analysis to correlate
serum/CSF levels of sHLA-E and sHLA-E ITS with other
parameters, such as disease duration, expanded disability
status scale (EDSS) and sHLA-G. sHLA-E levels in CSF
positively correlated with disease duration (Fig. 4a, R=0.32,
p=0.01) and CSF sHLA-G concentrations (Fig. 4b, R=0.32,
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p=0.01). Moreover, sHLA-E index values correlated with
disease duration (Fig. 4c, R=0.44, p=0.0022) and sHLA-
G index values (Fig. 4d, R=0.26, p=0.05). No correla-
tions were found between serum sHLA-E levels and any
clinical parameter. In particular, no associations emerged
between sHLA-G and sHLA-E levels and age, demon-
strating that ageing did not influence the associations we
observed between sHLA-G and sHLA-E and disease
duration (not shown).

HLA-E positive cells are highly enriched in active MS
plaques

In order to assess whether HLA-E is expressed by immune
cells infiltrating MS tissues, we stained active MS plaques
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Fig. 4 Correlations between
sHLA-E and other parameters.
Correlations between CSF .
sHLA-E levels (U/ml) and
disease duration (a) or CSF
sHLA-G levels (b), and
between sHLA-E index values
and disease duration (c) or
sHLA-G index values (d). Each
point represents single
observations. Lines represent
linear regressions
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from three autoptic tissues. Immunohistochemical analyses Next, we investigated by confocal microscopy the

revealed that HLA-E was highly expressed in active MS  immunophenotype of HLA-E expressing cells within the
plaques (Fig. 5e, f and g) containing an abundant CD45+  plaques. Most CD3-positive T cells were found to express
cell infiltrate (Fig. 5a, b and c). In contrast, no expression ~ HLA-E (Fig. 6a, b, ¢). A very high number of CD68" macro-
was detected in white matter specimen from non-MS tissues  phages (Fig. 6d, e, f) and IBA1" microglia (Fig. 6g, h, i) co-
(Fig. 5d and h). localized with HLA-E. Interestingly, also the majority, but not

Fig. 5 Immunohistochemical analysis of HLA-E expression in MS the white matter from non-MS tissues (d, h). Analysis was performed

plaques HLA-E is expressed in MS plaques (e, f, g) characterized by a with an optical microscope Olympus Provis AX 70, with a 40x
rich CD45" infiltrate (a, b, ¢). HLA-E and CD45" are not expressed in Olympus objective; the bar corresponds to 20 um
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Fig. 6 HLA-E is expressed by immune cells and astrocytes in active
MS plaques Immunofluorescence was carried out on samples from
frozen MS tissues as it follows: a, d, g, j HLA-E (green channel), b
CD3 (red channel), e CD68 (red channel), h IBA-1 (red channel), k

the totality, of GFAP-positive astrocytes expressed HLA-E.
Altogether these results demonstrate that, within active MS
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merged

merged

¢ 'merged

GFAP (red channel). Colocalization (merge) of HLA-E with CD3 (c),
CD68 (f), IBA-1 (i) and GFAP (1) is depicted. Fluorescence image
acquisition was performed by a multi-channel Leica TCS SPS5 laser-
scanning confocal microscope

plaques, both infiltrating immune cells and resident neural
elements express HLA-E.
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Fig. 7 Inhibition of CTL and NK cell mediated cytotoxicity by CSF
samples. Cytotoxicity of NK cells vs autologous iDC (a) and EBNA-1
specific CTL vs autologous EBNA-1 pulsed mDC (b). Effector cells
were pre-treated with medium alone or CSF samples from MS patients
(HLA-E'/HLA-G ™, HLA-E /HLA-G*, HLA-E /HLA-G and HLA-E'/
HLA-G"). Mean of six different experiments + SD is shown. p values
are indicated where the difference is statistically significant

Soluble HLA-G and -E in CSF samples synergistically
inhibit CTL and NK cell function

Finally, in order to evaluate a possible immunoregulatory func-
tion of sSHLA-G and -E in CSF samples, we treated EBNA-1
specific CTL and activated NK cells from normal donors with
CSF samples from different MS patients, containing or not
sHLA-E and/or -G. Next, we tested the cytotoxic activity of
these cells against autologous i) EBNA-1 pulsed mDC or ii)
iDC, respectively.

NK cells efficiently lysed autologous iDC (% specific lysis:
mean + SD: 61.22+1.88). Such lysis was significantly
inhibited when NK cells were pre-treated with i) HLA-
G /HLA-E" (46.38+3.99, p<0.0001), ii) HLA-G'/HLA-E~
(47.67+1.48, p<0.0001), iii) HLA-G"/HLA-E" (43.77+3.87,

p<0.0001) and HLA-G /HLA-E™ (53.92+1.66, p<0.0001)
CSF samples. Moreover, such inhibition was significantly higher
using HLA-G'/HLA-E" CSF samples than HLA-G'/HLA-E~
(»=0.03) or HLA-G /HLA-E™ (p=0.001) CSF samples
(Fig. 7a).

EBNA-1 specific CTL efficiently lysed autologous EBNA-
1 pulsed mDC (% specific lysis: mean = SD: 32.25+1.04).
HLA-restriction was witnessed by a significant reduction of
lysis (13.55+3.22, p<0.0001) achieved by a pre-incubation
of target cells with a blocking anti-HLA class I mAb (data
not shown).

CTL mediated lysis was significantly inhibited when
cells were pre-treated with i) HLA-G /HLA-E" (14.3£3.56,
p<0.0001), ii) HLA-G'/HLA-E~ (7.46+3.94, p<0.0001), iii)
HLA-G'/HLA-E" (2.96+3.4, p<0.0001) and HLA-G /HLA-E~
(25.45+£5.8, p<0.0001) CSF samples. Again, CTL lysis
inhibition was significantly higher using HLA-G/HLA-E"
CSF samples than HLA-G'/HLA-E~ (p=0.01) or HLA-
G /HLA-E (p=0.0002) CSF samples (Fig. 7b)

Taken together, these results indicated that, although
additional CSF factors beside sHLA-G and -E suppress
CTL and NK cell mediated cytotoxicity, sHLA-E in CSF
from MS patients has an important immunoregulatory role
and synergizes with sHLA-G.

Discussion

We report here for the first time the presence of sHLA-E in
serum and CSF samples from MS patients and neurological
controls.

We demonstrated that sHLA-E levels were higher in
serum from MS patients than in NIND but not OIND pa-
tients, thus suggesting that the increased serum sHLA-E
concentrations may be related to inflammation rather than
reflect a peculiar feature of MS. Accordingly, no correlation
was found between serum sHLA-E levels and duration or
severity of the disease.

Conversely, the concentrations of sHLA-E in CSF were
higher in MS patients than in NIND and OIND patients.
Moreover, we showed that increased concentrations of
sHLA-E in CSF were present in MS patients with MRI
and clinically stable rather than patients with MRI and
clinically active disease. Furthermore, we found that ITS
of sHLA-E was higher in MS patients than in OIND and
NIND patients. The number of patients with a sHLA-E
index above the cut-off level was significantly higher in
MS than in NIND/OIND patients, and among MS patients,
was higher in clinically stable than in clinically active
patients.

Taken together, these data suggest that sSHLA-E may have a
protective role in MS patients, similarly to that observed for
sHLA-G (Fainardi et al. 2003, 2006, 2007, 2008). In addition,
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these findings were in accordance with the recent demonstra-
tion that RNA and protein HLA-E expression were increased
in active MS white matter lesions (Durrenberger et al. 2012).
sHLA-E may cooperate with sHLA-G in the resolution of
intrathecal inflammatory response, inhibiting NK cell and
CTL function. In this line, we have demonstrated that CSF
samples containing both sHLA-G and -E are more effective in
vitro in the inhibition of CTL and NK cell mediated lysis than 1)
CSF samples containing sHLA-G alone or ii) CSF samples
negative for both sHLA-G and -E.

Moreover, a good correlation between CSF levels and ITS
of SHLA-E and those of sHLA-G was detected, thus further
supporting the hypothesis that these two molecules act syner-
gistically in the control of intrathecal inflammation during
MS, as previously demonstrated in other physiological and
pathological conditions (Rabot et al. 2005; Kren et al. 2011).
In addition, we demonstrated that CSF levels of sSHLA-E and
ITS of sSHLA-E correlated with disease duration, thus indicat-
ing that the increased concentration of this molecule in CSF
may have an important role in the control of the disease.

The role of HLA-G in MS has been unraveled, for the
first time, by our group (Fainardi et al. 2003). We showed
that CSF levels of sHLA-G were higher in MS patients than
in controls and in MS patients with clinically inactive than
clinically active disease (Fainardi et al. 2003). The implica-
tion of HLA-G in MS was then confirmed by various
subsequent studies over the last years (Wiendl et al. 2005;
Fainardi et al. 2006, 2007, 2008; Huang et al. 2009). It has
been suggested that sHLA-G in CSF may be secreted by
infiltrating monocytes and microglial cells, and in addition,
generated by shedding of the membrane-bound molecule
expressed on HLA-G" regulatory CD4" and CD8" T cells
(Fainardi et al. 2011). Limited information is available as to
the cellular sources of SHLA-E. In this line, we have recently
demonstrated that HLA-E is up-regulated on the surface of
infiltrating T and B cells from synovial fluid in juvenile
idiopathic arthritis patients, as compared to paired peripheral
blood, suggesting that the expression of this molecule may be
increased in activated auto-reactive cells (Prigione et al. 2011).
Moreover, HLA-E expression on normal glial cells has been
recently documented (van Velzen et al. 2009). Accordingly,
we have here demonstrated that both infiltrating immune cells
(T lymphocytes and macrophages) and resident cells
(microglial cells and astrocytes) expressed HLA-E within
active MS plaques.

In conclusion, we have described here for the first time
the expression and function of the immunoregulatory mol-
ecule HLA-E in MS. Our data suggest a potential role for
sHLA-E, synergistic with sHLA-G, in the termination of
neuroinflammation in MS patients, that is related to remis-
sion of the disease. In this respect, SHLA-E in the CSF may
represent a novel, promising biomarker of disease activity in
MS to be validated in future studies.
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