Arq Neuropsiquiatr 2008;66(3-B):678-684

IMMUNE SYSTEM MARKERS OF
NEUROINFLAMMATION IN PATIENTS WITH
CLINICAL DIAGNOSE OF NEUROMYELITIS OPTICA

Soniza Vieira Alves-Leon" Maria Lucia Vellutini Pimentel?, Gabrielle SantAnna’,
Fabiola Rachid Malfetano®, Cldudio Duque Estrada®, Thereza Quirico- Santos’

Abstract — Neuromyelitis optica (NMO) is an inflammatory, demyelinating disease of the central nervous
system characterized by the association of a serious myelitis and unilateral or bilateral optic neuritis. The
present study aimed to analyze the immunological parameters of NMO patients with diagnosis established
based on Wingerchuck et al. (1999) criteria. Production of 1gG and IgA antibodies to antigens of MBP, PLP 95-116,
MOG 92-106, and the cytokines interleukin-4 (IL-4) and interferon-y (INF-y) were assessed by Elisa assay. The
cohort was formed by 28 NMO patients and a matched healthy control group. NMO patients had significant
high levels of IgG to MOG (p<0.0001), PLP (p=0.0002) and MBP (p<0.0001), and solely IgA to MBP (p<0.0001).
INF-y (p=0.61) levels were similar to healthy controls. Increased production of IL-4 (p=0.0084) indicates an
important role for this cytokine in the activation of Th2 regulatory cells and of the IgA producers B lymphocyte
indicating activation of humoral immunity.
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Marcadores imunolégicos em pacientes com diagnéstico de neuromielite ptica

Resumo — A neuromielite dptica (NMO) é doenca inflamatdria do sistema nervoso central, caracterizada
por mielite aguda ou subaguda grave e neurite dptica unilateral ou bilateral. Este estudo objetiva analisar
parametros imunoldgicos de pacientes com critérios de Wingerchuck et al. (1999) para NMO. O método de
ELISA avaliou a producao de IgG e IgA para antigenos da proteina basica da mielina (MBP), o proteolipideo
(PLP) 95-116, a glicoproteina associada ao oligodendrdcito (MOG) 92-106 e as citocinas interleucina-4 (IL-4) e
interferon-gama (INF-y). Foram incluidos 28 pacientes com NMO pareados com controles saudaveis. Pacientes
com NMO apresentaram niveis significativamente elevados de imunoglobulinas reativas dos isotipos IgG para
MOG (p<0,0001), PLP (p=0,0002) e MBP (p<0,0001) e IgA somente para MBP (p<0,0001). Os niveis de INF-y
(p=0,61) foram semelhantes aos controles. A produgéo elevada de IL-4 (p=0,0084) indica papel importante na
ativagao de células regulatorias Th2 e linfécitos B produtores de IgA e da ativagao da imunidade humoral.

PALAVRAS-CHAVE: neuromielite ptica, autoantigenos, citocinas, proteina basica da mielina.

Neuromyelitis optica (NMO) was described, for the
first time, in 1894, by Eugéne Devic' and further consid-
ered a variant of multiple sclerosis (MS) or a distinct syn-
drome?’. Acute transverse myelitis can be the first symp-
tom. One or more episodes of optic neuritis (ON) can oc-
cur in combination with myelitis, been more acute and se-

vere in this case. The interval between ON and myelitis is
variable; when monophasic the interval is shorter. Optic
neuritis can be unilateral or bilateral. The paraclinical di-
agnose is made with brain MRI, spinal cord MRI and cere-
brospinal fluid (CSF) analysis. The brain MRI can be normal
at the onset of NMO or show non-specific white-matter
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lesions that do not satisfy neurological criteria for MS**.
MRI of the spinal cord shows longitudinally extensive le-
sions and characteristically span three or more contigu-
ous vertebral segments*®. Prominent CSF pleocytosis with
more than 50 leucocytes with neutrophil predominance
is characteristic of NMO and rare in MS. The synthesis of
IgG is smaller than seen in MS. Therefore the oligoclonal
bands which mean intrathecal synthesis of immunoglob-
ulin are found only in 23% of NMO patients, but in 88%
of MS patients*. The supportive diagnose is based on the
presence of autoantibodies which are found in 50% of the
cases, on the visual evoked potential (subclinical ON) and
on brain MRI with gadolinium enhancement of the optic
nerves or chiasm. Since its description NMO was consid-
ered a variant of MS. The pathologic studies, the CSF and
the MRI showed evidences that it should be a distinctive
disease. The diagnostic criteria had been established only
in 1999, by Wingerchuck et al. ” and were divided into ab-
solute criteria, major supportive criteria and minor crite-
ria. Recently, Lennon et al.'®" reported a serum autoanti-
body to immunoglobulin G, which is a specific marker to
NMO, NMO-IgG, to be selectively linked to the acquapo-
rin-4 channels (AQP-4), a component of the protein dis-
troglican complex, localized in the endfeet of astrocytes,
processed in the blood-brain barrier’". The high preva-
lence of autoantibodies in NMO and its association to
collagen diseases suggest a malfunction of B cells immu-
nity” and the detection of the autoantibody NMO-IgG
corroborate this observation®.

Lucchinetti et al revealed demyelinated lesions in as-
sociation to perivascular deposits of immunoglobulin, lo-
cal activation of the complement cascade and eosinophil
infiltration, suggesting a humoral immunity in its patho-
genesis'*". Another mechanisms involved in this humoral
reaction would be the production of the antibody anti-
myelin oligodendrocyte glycoprotein (anti-MOG) and se-
cretion of interleukin-2 (IL-2), a cytokine related to auto-
immunity due to T cells. NMO is the first CSN idiopathic,
demyelinated disease to have a specific biological marker
and can represent the first example of a new class of an
autoimmune channelopathy™. Through the AQP-4 chan-
nels, small, but important quantities of peripheral immu-
noglobulin can reach the CNS at the vulnerable regions
of the blood-brain barrier'®''é,

The goal of this study was to determine the serum lev-
els of IgG and IgA antibodies to antigens of myelin basic
protein (MBP), proteolipid (PLP) 95116, myelin oligoden-
drocyte glycoprotein (MOG) 92-106, and the cytokines
interleukin-4 (IL-4) and interferon-y (INF-y) in NMO pa-
tients comparing to healthy controls.
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METHOD

Twenty-eight NMO patients were included, considering the
1999 Wingerchuk criteria’, notwithstanding sex, age or ethnic
background. They were followed from July 2003 to November
2005. The 1999 Wingerchuk criteria® considered the diagnose of
NMO in patients with optic neuritis and transverse myelitis, with
no other neurological manifestation, a normal brain MRI at the
onset or a spinal cord MRI with a longitudinal extensive lesion,
or a CSF with more than 50 cells/mm’ or bilateral optic neuritis
or severe optic neuritis in one eye, plus a severe paresis (strength
grade <2) in one limb. The CSF was analyzed in 23 out of 28 pa-
tients (78.5%). Optic neuritis and myelitis were considered not-
withstanding the interval separating neither disease-defining at-
tacks nor the clinical presentation, monophasic or relapsing. The
patients were ethnically classified as Afro-Brazilians, with Niger
ancestries until the third generation, and Caucasians, with none
afro-descendents on their background. The term Afro-Brazilian
was considered taking into account the anthropological concept
proposed by Ribeiro”. The neurological impairment was mea-
sured by the Expanded Disability Status Scale (EDSS), stablished
by Kurtzke™, which evaluates the functional systems (FS) related
to various functions of the central nervous system (CNS); pyra-
midal, cerebellar, brain stem, sensory, bowel and bladder, visual,
cerebral or mental and other functions. The score goes from ze-
ro, normal neurological exam, to ten, death due to MS. A control
group was formed by 28 healthy individuals, notwithstanding sex,
age or ethnic background. In this group there were active scien-
tists, interns and employees from the Cellular Pathology Labora-
tory, Department of Molecular and Cellular Biology, Fluminense
Federal University, Rio de Janeiro, Brazil. All of them were evalu-
ated for inflammatory markers and autoimmunity through labo-
ratory exams which had normal results. All patients signed a con-
sent term. The Project was approved by the National Council in
Ethic and Research (CONEP), register number 1265, May 29" 2000.

Patients with neurological evidence of optic neuritis and
myelitis who did not fulfill the Wingerchuk criteria for NMO
were excluded, as were patients with other autoimmune diseas-
es like Sjogren syndrome, Behget disease or systemic lupus ery-
thematosus. In the control group the individuals with abnormal
laboratorial parameters of inflammation and autoimmunity, al-

though clinically healthy, were excluded.

RESULTS

Among 28 NMO patients, 21 were females (75%) and
seven males. Taking into account the ethnic group, 14 pa-
tients (50%) were Afro-descendents and 14 were Cau-
casians (50%). The control group was composed of 28
healthy individuals, 15 (58%) were females and 11 (42%)
males; 21 (81%) were Caucasians and five (19%) were Afro-
Brazilians. Ages ranged from 18 to 43 years old.
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Table 1. Patients characteristics.

Case Sex Ethnic Age Disease Age 1 bout Interval Total EDSS
(years) duration T bout T & 2™ bouts bouts actual
(years) (months)
1 F AB 26 n 15 ON 12 3 2.0
2 F CA 27 13 14 ON 132 4 1.0
3 M CA 38 13 25 ON 36 9 0.0
4 F AB 62 18 44 Myelitis 3 5 2.0
5 F AB 35 6 29 ON bil. 12 8 3.0
6 F AB 41 8 33 Myelitis 3 12 6.0
7 F CA 47 7 40 NMO 7 3 1.0
8 M CA 57 16 41 Myelitis** 60 2 5.0
9 CA 50 19 30 ON 36 3 3.0
10 F AB 41 5 36 ON bil. 12 9 7.0
n F AB 43 9 34 NMO 0 3 35
12 M CA 44 18 26 ON bil. 84 2 2.0
13 F CA 24 15 8 NMO 48 5 6.5
14 M CA 44 29 15 Myelitis 168 5 2.0
15 M CA 39 9 28 NMO** 0 1 3.0
16 F CA 46 18 28 ON 24 15 5.0
17 F AB 42 7 35 NMO 12 5 6.5
18 F CA 55 9 46 ON 36 3 3.0
19 F AB 47 2 45 ON 5 4 3.0
20 M CA 63 25 38 Myelitis 228 2 2.0
21 F AB 28 7 21 Myelitis 3 14 3.0
22 F AB 38 20 18 ON 12 2 2.0
23 F CA 49 16 33 NMO 36 5 2.0
24 F CA 44 3 41 NO 12 6 1.0
25 F AB 38 14 24 Myelitis 60 9 3.0
26 F AB 27 7 20 NMO 12 2 4.5
27 F AB 26 13 13 Myelitis 108 8 4.0
28 F AB 50 9 41 ON 12 n 6.0

AB, Afro-Brazilian; CA, Caucasian; EDSS, expanded disability status scale; ON, optic neuritis; ON bil., bilateral optic neuritis; NMO, neuromyelitis optica;
**monosymptomatic.

Table 2. Patients characteristics related to gender, ethnic group and age compared
to the control group.

Patients (28) Controls (26)

Sex

Feminine 75% (21) 58% (15)

Masculine 25% (7) 42% (1)
Ethnic group

Caucasians 50% (14) 81% (21)

Afro-Brazilians 50% (14) 19% (5)
Age (years)

At the moment of inclusion 24 to 62 18 to 43 years old

At the onset of symptoms 8 to 46
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Table 3. Clinical results.
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Table 4. Clinical results considering ethnical characteristics.

Total of pacientes (% and n®)

Initial symptoms

ON 46.4% (13)

™ 28.6% (8)

ON +TM 25.0% (7)
Clinical presentation (NMO)

Monophasic 7.2% (2)

Recurrent 92.8% (26)

ON, optical neuritis; TM, transverse myelitis; NMO, neuromyelitis optica.

Table 1 describes patients characteristics related to
sex, ethnic group, age of inclusion in the study, disease du-
ration, age of the first bout, interval between the first and
second bouts, total number of bouts and actual EDSS.

The age of symptom onset varied from eight to 46
years old (mean age=27 years), 21.4% younger than 20
years old, 32.1% between 20 and 30 years old and 46.5%
older than 30 years old. Considering the first bout, opti-
cal neuritis was the most common symptom, found in 13
patients (46.4%). Two of them had bilateral optical neu-
ritis (15.4% of all the optical neuritis in the study). Eight
patients (28.6%) had transverse myelitis. Optical neuritis
and myelitis were present as a first bout in seven patients
(25%). The recurrent presentation of NMO was preva-
lent in our series (92.8%). The interval between the index
events varied from three to 228 months and in seven cas-
es they were simultaneously. The mean duration of the
disease was 17.5 years, ranging from six to 29 years (Ta-
ble 2). Three patients (10.7%) patients had it for five years
and 25 (89.3%) had it for more than five years. In our se-
ries there were no deaths. The average number of bouts
in the recurrent forms was 8.5 (2 to 15); seven patients
(25%) had more than one bout per year, all Afro-Brazil-
ians. During the bouts all patients were treated with en-
dovenous methylprednisolone, 1 g/day/3 days, repeated

Table 5. Laboratorial results.

AB CA
(n® of patients) (n? of patients)

Age at first bout (years)

<20 3 3
20-30 3 5
>30
Duration of disease (years)
<5 1 1
5-10 8 2
10-15 3 3
15-20 2 6
20-30 0 2
N© of bouts
1-4 5 8
5-9 6 5
10-14 3 0
15-20 0 1
EDSS
<4 8 n
>4 6 3

AB, Afro-Brazilians; CA, caucasians; EDSS, expanded disability status scale.

during 3 to 5 weeks. Nine patients (32.14%) had an EDSS
>4 when entering the study group; 66.66% were Afro-de-
scendents and 33.4% were Caucasians. Tables 3 and 4 syn-
thesized our results.

Laboratorial results

The results and statistical significance found in NMO
patients and control groups are found in Table 5. The
Mann-Whitney test was applied. The plasma of each pa-
tient and control were analyzed three times.

We found higher levels of I1gG and IgA antibodies to
native MBP with statistic significance (p<0.0001) in NMO
patients compared to the controls.

Cases Controls p value

IgG (OD)

MBP 17-836 (30.46) 100-218 (12,23) p<0.0001

PLP 95-116 77-540 (22.03) 24-225 (9.57) p<0.0002

MOG 92-106 117-954 (38.25) 53-287 (13.07) p<0.0001
IgA (OD)

MBP 162-639 (28,60) 24-122 (26.00) p<0.0001

PLP 95-116 88-441(19.03) 35-449 (18.61) p<0.0423

MOG 92-106 28-325 (12.96) 67-247 (12.07) p<0.2168
IL-4 (pg/ml) 378-2047 (86.60) 342-719 (40.80) p<0.0084
INF-y 149-1274 (54.73) 125-446 (21.96) p<0.6109

OD, optic density.
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The blood levels of IgG to PLP 95-116 were also high-
er with statistic significance (p=0.0002) in NMO patients
compared to controls, although this was not observed in
PLP 95-116 IgA (p=0.0423).

NMO patients had an expressive (p<0.001) higher
blood levels of 1gG antibodies to MOG 92-106 but the
IgA antibodies to the same sequence did not show statis-
tic significance (p=0.2168).

The plasmatic levels of IFN-y did not show statistic
significance in the group of NMO patients (p=0.6109) al-
though the IL-4 plasmatic levels were significantly higher
(p=0.0084) in this group compared to the control group.

DISCUSSION

In the last years the classification of NMO, a disease
considered to be a MS variant until recently, had changed.
The description of the first biological marker highly sensi-
tive and specific to NMO™", clearly directed the classifi-
cation of NMO to a distinct nosological condition®'®2'*%,
The understanding of the possible mechanisms involved
in NMO and the search for immunological elements that
differentiate it from MS had been the goal of the last

studies since Wingerchuk et al. criteria’.

The present study initiated in 2003, and our inclusion
criteria for NMO patients was based on Wingerchuk et
al. criteria’, considering the symptoms of optical neuritis
and transverse myelitis, the lack of compromise of the
other functional systems and the vertebral column MRI
showing extensive demielinating lesion (more than 3 seg-
ments), with a normal brain MRI°. After the finalization
of the inclusion of our patients at the end of 2005 a new
diagnostic criteria had been proposed in 2006, consider-
ing the AQP-4 antibody level™

In our Neurological Services there were 16.8% NMO
patients, which is higher than Pirko et al.?’ found (12.5%).
They only considered patients with ON who turned to be
NMO during five years of follow-up and not the totality
of patients with demielinization of the central nervous
system (CNS). They also found a higher number of women
in their study group.

Among our 28 NMO patients there were 75% of wom-
en (3:1), similar to what we found in the literature by Ber-
gamaschi and Ghezzi?, Papais-Alvarenga et al.”; Cree et
al.’; O'Riordan et al.. We found 50% of Afro-descendents,
not so different (58%) from the findings of Papais-Alvaren-
ga et al.”. Another authors, Wingerchuk et al.%, Bergamas-
chi and Gezzi®, Cree®, Wingercuk et al.® and O'Riordan et
al.’ also found similar clinical and demographic charac-
teristics, with a predominance of women and non-Cau-
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casians among their NMO patients. The high number of
Afro-descendents in our group should be related to the
racial miscegenation in Brazil, especially in the Southeast
regions (Alves-Leon et al.)*.

Poser and Vernant® analyzed the association among
NMO and endocrinopathies in Martinique, and suggest-
ed this to be a distinct nosological condition. The actual
knowledge of the distribution of acquaporin channels in
the CNS and their relation to NMO diagnosis lead us to
conclude that NMO patients can have endocrinopathies
due to the diencephalon compromise, what may have
been seen in the Martinique Afro-descendents patients®?.
Our NMO patients did not have endocrinopathies.

The index event in our patients with NMOR occurred
in ages older than 30 years (46.5%), similar to the litera-
ture**?7, Among the initial symptoms there were: unilat-
eral optical neuritis (39.3%) or bilateral (71%), myelitis (28.6%)
and neuritis plus myelitis (25.0%). Another authors also ob-
served unilateral optical neuritis as the main manifestation
in their patients®”. The interval of time between the first
and the second event, neuritis or myelitis, in NMOR, was
among three and 228 months which are not in concordance
to the literature. Wingerchuck et al.” analyzing 96 NMO
patients, 84.4% (81 patients) with recurrent presentation,
found this interval to be four to 48 months. Another au-

[451422

thors observed similar interva , although Wingerchuk

I.ZS

et al’ considered even years and Ghezzi et al.”® considered

one to 120 months, which is still a smaller interval than ours.

In our study the majority of patients (89.3%) had 17.5
years as a median duration of disease and there were no
deaths. These results showed a higher longevity than we
found in the literature where the mortality rate was 30%
in five years**?. The high morbidity observed by Scold-
ing’® in another study where 50% of the patients had uni-
lateral or bilateral amaurosis, walked with aid after five
years were not seen in our patients. In our group, only five
(17.8%) had a final EDSS=6.0.

The final EDSS was not related to the gap of time be-
tween the first and second bouts, as described by Ghezzi
et al.”® who observed an important incapacity (EDSS>6.0)
in those patients with a longer gap among the bouts™*.
These authors characterized the variables related to worst
prognosis (EDSS>6): residual EDSS >3 at the beginning of
the disease, longer interval between the first and second
bouts and a high number of relapses during the first two
years of disease. In our casuistic we did not find relation
among the EDSS, total number of bouts nor the time be-
tween the first and second bouts that could suggest dis-
tinct evolutional characteristics from other populations.
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We found high levels of all autoantibodies analyzed in
this study. MOG 92-106, PLP 95—116 and MBP levels were
higher in NMO patients with statistic significance which
can be related to polyclonal activation of the humoral
system as it was suggested by Hasse and Schmidt®. The
participation of MBP in the EAE model is well studied but
recent EAE models investigate the participation of anoth-
er autoantibodies, like MOG and PLP. The search for prog-
nostic markers in MS evolution in the work of Berger et
al.” showed that patients with clinical isolated syndrome
(CIS) like optic neuritis, myelitis, medulla or cerebellar
syndrome with a positive MOG and MBP autoantibodies
had a higher risk of conversion to a second bout, defining
the disease in at least 12 months. This study did not men-
tioned the type of evolution but point out for the pos-
sibility of an initial investigation in patients with isolated
optic neuritis and/or myelitis with positive MOG or MBP
antibodies, observing their participation in the conversion
to NMO. These studies would have an strategic implica-
tion in therapeutics.

The participation of encephalithogenic autoantibod-
ies in the CNS IIDDA was thought from an EAE animal
model for MS. Another models noticed that EAE could
be induced through the immunization of susceptible ani-
mals with myelin antigens like MOG, MBP e PLP*, Betelli
et al.” described an EAE model where B and T cells were
specific to the same MOG autoantigen, developing spon-
taneous and severe EAE with inflammatory lesions mainly
in the optic nerves and vertebral column of affected mice,
a typical pattern of human NMO. The different EAE mod-
els and the immuno-pathologic studies of MS suggested
that the immune-mediated response by T cells should be
crucial in the deflagration of the inflammatory process
and that the auto-reactivity reaction of these cells should
be insufficient to explain the selective destruction of my-

elin*. Lucchinetti et al.™

emphasized the importance of
humoral immune mechanisms in EAE showing that the
extensive demyelinization is without T cells specificity.
Therefore, indicate that T cells response against any CNS
protein is potentially pathogenic, considering that it is
followed by an adequate B cells response®. In our study
we investigated the presence of antibodies to MOG, MBP
and PLP in relation to the high levels of IL-4 and IFN-,

molecules Th1/Th2 mediated.

We found expressive high levels of IL-4 (p=0.0084) in
our patients different from the IFN-y levels. The IFN-y ef-
fects are partially blocked by IL-4 in the infectious diseas-
es, a cytokine product by Th2 cells which stimulate B cells
and the auto-immunity of the specific myelin B cells®"”.
Indeed, the high production of IgA to the myelin basic

Neuromyelitis optica: neuroinflammation
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protein suggests higher participation of Th2 regulatory
cells and B lymphocytes than Th1, in our patients. We have
to consider the Afro-descendents in our study group who
have a known Th2 pattern of immunity (regulatory), may-
be inducted by MBP. In this context it would be interesting
to sequentially analyze, in patients with different ethnics,
a possible change in the profile of the neuro-inflammatory
response during NMO clinical evolution, which means the
change of the isotype IgM to 1gG and/or IgA, configuring
a more inflammatory (IgM, I1gG; complement activation,
IFN-Y) or regulatory (IgG, IgA, IL-4, TGF beta) response.

Our results can contribute to the search and determi-
nation of biologic markers related to NMO and its evolu-
tion. A Th2 humoral response mediated by B lymphocites
was more prominent than Th1. Considering this profile of
auto-reactivity, the levels of IFN-y and IL-4 could repre-
sent the instrument of measure of the therapeutic re-
sponse to the monoclonal antibodies, like Rituximab,
during the treatment of NMO patients. Also, the high ex-
pression of MOG 92-106, PLP 95-116 and MBP autoanti-
bodies in NMO patients could be a marker of prognosis,
recurrence or severity of the disease in patients treated
with plasmapheresis.

As a limitation of our study we point out the relative
small number of patients which did not allowed us to cor-
relate demographic and clinical parameters of morbidity
in NMO with the plasmatic levels of IL-4, IFN-y.
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