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ABSTRACT

Background-The relevance of HLA-G in dimeric form in MS is still unknown.

Objective-To investigate the contribution of CSF HLA-G dimers in MS pathogenesis.
Methods-CSF amounts of 78kDa HLA-G dimers were measured by western blot analysis in 80 MS
relapsing-remitting MS (RRMS) patients and in 81 inflammatory and 70 non-inflammatory controls.
Results-CSF amounts of 78kDa HLA-G dimers were more frequent in RRMS than in inflammatory
(p<0.01) and non-inflammatory controls (p<0.001) and in MRI inactive than in MRI active RRMS
(p<0.00001).

Conclusion-Our findings suggest that HLA-G dimers may be implicated in termination of

inflammatory response occurring in MS.

INTRODUCTION

Human Leukocyte Antigen-G (HLA-G) are immunonologically functional non-classical HLA-I
proteins which have recently been indicated as potential immunomodulatory molecules in Multiple
Sclerosis (MS). In fact, an overexpression of HLA-G and its inhibitory receptors (ILT-2 and ILT-4)
was found in MS plaques and on cerebrospinal fluid (CSF) monocytes from MS patients.! In addition,
high levels of intrathecally produced soluble HLA-G (sHLA-G) were observed in CSF of MS patients
with magnetic resonance imaging (MRI) inactive disease,>’ in whom they were correlated positively
with CSF concentrations of anti-inflammatory IL-10? and inversely with CSF concentrations of anti-
apoptotic sFas molecules.* These findings argue for a tolerogenic role of sHLA-G in MS, favouring
the remission of the disease. In this setting, the immunosuppressive function could be exerted by
actively secreted HLA-GS5 that was the preponderant sHLA-G isoform detectable in CSF of MS
patients without evidence of MRI activity unlike sHLA-G1, the other most important functionally
active SHLA-G isoform released after shedding of membrane-bound HLA-G1 from cell surface.’
However, this hypothesis remains to be demonstrated since no data are currently available on the

presence of HLA-G disulfide-linked dimers in CSF of MS patients. Indeed, HLA-G in dimeric form



exhibits higher affinity for ILT2 and ILT4 receptors and promotes a more efficient inhibitory receptor
signaling compared to monomers®’ and, therefore, it is considered as the biologically active HLA-G
form with the strongest immunosuppressive effects.® Based on these considerations, in this study we

sought to investigate the distribution of CSF HLA-G dimers in MS and controls.

MATERIALS AND METHODS

CSF samples were prospectively collected in 80 consecutive newly diagnosed® definite relapsing-
remitting (RRMS) patients (55 women and 25 men; mean age=38.7+10.9 years) and 151 age and sex
matched neurological controls represented by 81 patients (55 women and 26 men; mean age=38.5+9.9
years) with other inflammatory neurological disorders (OIND) and 70 subjects (49 women and 21
men; mean age=39.9+£10.3 years) with other non-inflammatory neurological disorders (NIND)
(Supplementary Table), followed by the MS Centre of Ferrara (Italy) during the period from July
2010 to October 2014. All patients were imaged with a 1.5-Tesla MRI unit within 48 hours after
sampling. MS patients were considered as clinically and MRI disease active if they had evidence of
a relapse at admission and lesions showing Gd-enhancement on T1-weighted scans, respectively.
Median Expanded Disability Status Scale was 2.0 (interquartile range=1.0-3.5; mean=2.1+£1.5).
Median duration of the disease was 7.0 years (interquartile range=1.0-39; mean=28+38.3). None of
the patients had fever or other symptoms or signs of acute infections and had received any potential
disease-modifying therapies during the 6 months before the study. None of the female MS patients
was pregnant. All OIND and NIND patients were free of immunosuppressant drugs, including
steroids. Informed consent was given by all patients before inclusion and the study design was
approved by the Local Committee for Medical Ethics in Research. As previously reported,?> CSF
levels of sHLA-G were measured by enzyme-linked immunosorbent assay using the monoclonal
antibody MEM-G/9 as capture antibody (Supplementary Material). After biotynilation and
immunoprecipitation of CSF samples, CSF HLA-G monomers and dimers were identified by western

blot analysis under reducing and non-reducing conditions in all SHLA-G positive RRMS, OIND and



NIND patients as described elsewhere!” (Supplementary Material). After checking data for normality
by using the Kolmogorov-Smirnov test, continuous variables were compared using Kruskal-Wallis
and Mann-Whitney U test, categorical variables were compared by means of Chi-square test.
Bonferroni correction was utilized for multiple comparisons. A value of p<0.05 was assumed as

statistically significant.

RESULTS

Detectable CSF levels of sHLA-G were more frequent (p<0.00001;Chi-square) in RRMS
(58/80;72.5%) than in OIND (23/81;28.4%) and in NIND (12/70; 17.1%) patients. As shown in the
Table, CSF concentrations of sHLA-G were different among RRMS and controls
(p<0.00001;Kruskal-Wallis) since they were higher in RRMS than in OIND and NIND (p<0.00001)
and equivalent between OIND and NIND. We standardized the Western Blot analysis on cell culture
supernatants and cell lysates from 721.221 HLA-G1 transfected cells (Supplementary Figure). In
sHLA-G positive patients, while a 39kDa monomeric band was present in 100% of RRMS and
controls, a 78kDa dimeric HLA-G band was more represented in RRMS than in OIND (p<0.001) and
NIND (p<0.01). When RRMS patients were stratified according to clinical and MRI activity, CSF
concentrations of sHLA-G and CSF monomers and dimers distribution did not differ between
clinically active and clinically stable RRMS. Conversely, CSF concentrations of sHLA-G were more
elevated (p<0.001) in RRMS patients without than in those with Gd enhancing lesions, whereas CSF
HLA-G dimers were more frequent in MRI inactive than in MRI active sHLA-G positive RRMS
(p<0.00001). An additional HLA-G like band with a molecular weight of 53 kDa was detected, under
reducing condition, in 6 clinically and MRI active RMMS, in 4 OIND and 3 NIND sHLA-G positive

patients (Figure).

DISCUSSION



In this study, we confirmed previous data’> showing that CSF levels of sHLA-G were higher in MS
than in controls and predominated in MS patients without MRI evidence of active disease. These
results further strengthen the possibility that sHLA-G can be implicated in immunomodulation of
CNS inflammatory response operating in MS. However, whether sHLA-G molecules detected at
intrathecal level in MS are functionally active is still to be proven. Therefore, the main finding of our
investigation was the demonstration, for the first time, that HLA-G in dimeric form was present in
CSF of MS patients and its distribution reflected the fluctuations of sHLA-G antigens because HLA-
G dimers were more frequent in MS than in controls and in MRI inactive than in MRI active MS. In
fact, the unique characteristic of both membrane-bound and soluble isoforms of HLA-G is the ability
to form disulfide-linked dimers which are created through the generation of disulfide bonds between
two cysteine residues at position 42 of the HLA-G alpha-1 domain. As these structures interacts with
high affinity with HLA-G specific receptors and, thus, are believed to represent the biologically active
form of HLA-G generating immunosuppressive effects.®® These data strongly support the
involvement of HLA-G in MS autoimmunity as anti-inflammatory molecules mediating the
termination of inflammation. Intriguingly, elevated amounts of a 53 kDa HLA-G like protein were
found in CSF of a small proportion of clinically and MRI active RRMS patients and, with a lesser
extent, OIND and NIND patients. However, the actual biological significance of this molecule is
currently elusive.!'” Future studies are warranted to elucidate the actual significance of CSF HLA-G
dimers in MS, with particular attention to the choice of control subjects which, in our study, were
slightly more heterogeneous than recently recommended.!! In fact, although the search of a potential
biomarker for MS was beyond the scope of the current investigation, this limitation could affect the
consistency of our data. On the other hand, further efforts are required to obtain quantitative
measurements of CSF HLA-G dimers in MS. In this way, a recently proposed densitometry analysis

of chemoluminescent signals® could represent a reliable option.

ACKNOWLEDGEMENTS



The study has been supported by Research Program Regione Emilia Romagna - University 2007-
2009 (Innovative Research) within the project “Emilia-Romagna network for MultiplE Sclerosis
(ERMES) - Regional Nerwork for Implementing a Biological Bank to Identify Biological Markers of
Disease Activity Related to Clinical Variables in Multiple Sclerosis” - code PRUala-2007-008. The

authors thank Dr. Elizabeth Jenkins for helpful corrections to the manuscript.

CONFLICT OF INTEREST STATEMENT

The Authors declare that there is no conflict of interest.

APPENDIX

Steering Committee

Granieri E (Chair), Castellazzi M, Casetta I (Section of Neurology, Department of Biomedical and
Specialist Surgical Sciences, University of Ferrara, Italy), Tola MR (Neurology Unit, Department of
Neurosciences and Rehabilitation, Azienda Ospedaliera-Universitaria, Arcispedale S. Anna, Ferrara,
Italy), Fainardi E (Neuroradiology Unit, Department of Neurosciences and Rehabilitation, Azienda
Ospedaliera-Universitaria, Arcispedale S. Anna, Ferrara, Italy), Dallocchio F, Bellini T (Section of
Medical Biochemistry, Molecular Biology and Genetics, Department of Biomedical and Specialist
Surgical Sciences, University of Ferrara, Italy), Rizzo R, Rotola A, Di Luca D (Section of
Microbiology and Medical Genetics, Department of Medical Sciences, University of Ferrara, Italy),
Seraceni S, Contini C (Section of Infectious Diseases, Department of Medical Sciences, University
of Ferrara, Italy), Sabbioni S (Section of Microbiology and Applies Pathology, Department of Life
Sciences and Biotechnology, University of Ferrara, Italy), Negrini M (Section of Pathology,
Oncology and Experimental Biology, Department of Morphology, Surgery and Experimental
Medicine, University of Ferrara, Italy), Tognon M (Section of Pathology, Oncology and Experimental

Biology, Department of Morphology, Surgery and Experimental Medicine, University of Ferrara,



Italy), Antonelli T (Section of Pharmacology, Department of Medical Sciences, University of Ferrara,
Italy).

Partecipants

Groppo E, Gentile M (Department of Biomedical and Specialist Surgical Sciences, University of
Ferrara, Italy), Baldi E, Caniatti ML, Ceruti S (Department of Neurosciences and Rehabilitation,
Azienda Ospedaliera-Universitaria, Arcispedale S. Anna, Ferrara, Italy), Manfrinato MR, Trentini A
(Department of Biomedical and Specialist Surgical Sciences, University of Ferrara, Italy), Bortolotti
D (Department of Medical Sciences, University of Ferrara, Italy), Miotto E, Ferracin M, Mazzoni E,
Pietrobon S, Masini I, Rotondo JC, Martini F (Department of Morphology, Surgery and Experimental
Medicine, University of Ferrara, Italy), Baruzzi A, Roberto D’Alessandro R, Michelucci R, Salvi F,
Stecchi S, Scandellari C (IRCCS Institute of Neurological Sciences, Bologna, Italy), Terzano G,
Granella F (Department of Neurosciences, University of Parma, Parma, Italy), Nichelli P, Sola P,
Ferraro D, Vitetta F, Simone AM, Bedin R (Department of Neurosciences Nuovo Ospedale Civile S.
Agostino-Estense, Baggiovara, Modena, Italy), Marcello N, Motti L, Montepietra S (Department of
Neurosciences, IRCCS S. Maria Nuova Hospital, Reggio Emilia, Italy), Guidetti D, Immovilli P
(Department of Neurology, Guglielmo da Saliceto Hospital, Piacenza, Italy), Montanari E, Pesci I,
Guareschi A (Department of Neurology, Civile Hospital, Fidenza, Parma Italy), Greco G, Santangelo
M (Department of Neurosciences, Ramazzini Hospital, Carpi, Modena, Italy), Mauro AM, Malagu S
(Neurology Unit, Bufalini Hospital, Cesena, Italy), Rasi F, Spadoni M, Galeotti M, Fiorani L
(Neurology Unit, S. Maria delle Croci Hospital, Ravenna, per gli Infermi Hospital, Faenza, Umberto
I Hospital, Lugo, Italy), Neri W (Department of Neurology, Morgagni-Pierantoni Hospital, Forli,
Italy), Ravasio A, Pasquinelli M (Neurology Unit, Infermi Hospital, Rimini, Italy), Gutman S,

Monaldini C (Neurology Unit, Repubblica di S. Marino Hospital)

REFERENCES



1. Wiendl H, Feger U, Mittelbronn M, et al. Expression of the immune-tolerogenic major
histocompatibility molecule HLA-G in multiple sclerosis: implications for CNS immunity. Brain
2005; 128: 2689-2704.

2. Fainardi E, Rizzo R, Melchiorri L, et al. Presence of detectable levels of soluble HLA-G molecules
in CSF of relapsing-remitting multiple sclerosis: relationship with CSF soluble HLA-I and IL-10
concentrations and MRI findings. J Neuroimmunol 2003; 142: 149-158.

3. Fainardi E, Rizzo R, Melchiorri L, et al. Intrathecal synthesis of soluble HLA-G and HLA-I
molecules are reciprocally associated to clinical and MRI activity in patients with multiple sclerosis.
Mult Scler 2006; 12: 2-12.

4. Fainardi E, Rizzo R, Melchiorri L, et al. CSF levels of soluble HLA-G and Fas molecules are
inversely associated to MRI evidence of disease activity in patients with relapsing remitting multiple
sclerosis. Mult Scler 2008; 14: 446-454.

5. Fainardi E, Rizzo R, Melchiorri L, et al. Soluble HLA-G molecules are released as HLA-G5 and
not as soluble HLA-GI isoforms in CSF of patients with relapsing-remitting multiple sclerosis. J
Neuroimmunol 2007; 192: 219-225.

6. Shiroishi M, Kuroki K, Ose T, et al. Efficient leukocyte Ig-like receptor signalling and crystal
structure of disulphide-linked HLA-G dimer. J Biol Chem 2006; 281: 10439-10447.

7. Apps R, Gardner L, Sharkey AM, et al. A homodimeric complex of HLA-G on normal trophoblast
cells modulates antigen-presenting cells via LILRB1. Eur J Immunol 2007; 37: 1924-1937.

8. Zilberman S, Schenowitz C, Agaugué S, et al. HLA-G1 and HLA-GS5 active dimers are present in
malignant cells and effusions: the influence of the tumor microenvironment. Eur J Immunol 2012;
42: 1599-1608.

9. Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple sclerosis: 2010
revisions to the McDonald criteria. Ann Neurol 2011; 69: 292-302.

10. Gonzalez A, Alegre E, Arroyo A, et al. Identification of circulating nonclassic Human Leukocyte

Antigen G (HLA-G)-like molecules in exudates. Clin Chem 2011; 57: 1013-1022.



11. Teunissen C, Menge T, Altintas A, et al. Consensus definitions and application guidelines for
control groups in cerebrospinal fluid biomarker studies in multiple sclerosis. Mult Scler 2013; 19:

1802-1809.



a) Reducing

CTRMS1 MS2 MS3 MS4 MSS MS6 MS7 MS8

53kDa
< 39kDa HLA-G

G233

53kDa

MEM-G/9 < 39kDa HLA-G
¢) Non-reducing
CTRMS1 MS2 MS3 MS4 MS5 MS6 MS7 MSS$
78kDa
53kDa

4 39kDa HLA-G

CTR MS1 MS2 MS3 MS4 MSS5 MS6 MS7 MS8

"" o - ..' 78kDa
MEM-G/9 - 53kDa

[. O — e W 0 $*39KDaHLA-G

b) Reducing

CTR OIND OIND OIND OIND NIND NIND NIND
1

d) Non-reducing

CTR OIND OIND OIND OIND NIND NIND NIND

CTR OIND OIND OIND OIND NIND NIND NIND

1

1

2

2

2

3

3

3

4

4

4

1

1

1

2

2

2

3

3

3

53kDa
<4 39kDa HLA-G

53kDa
<4 39kDa HLA-G

78kDa
53kDa

4= 39kDa HLA-G

78kDa

53kDa

< 39kDa HLA-G



a) Reducing

OSI SAT
€€TO SAT

€€7o dng
OSI dng

6/O-IHIN KT
6/9-INAIN dng

53kDa
L #  «39kDa HLA-G

.

b) Non-reducing

78kDa

€€7o dng
0SI dng

6/9-INAIN SAT
6/9-IWAIN dng

53kDa

4= 39kDa HLA-G



