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Resumo

A Neuromielite éptica (NMO) é uma doenca inflamatoria e desmielinizante do
SNC, de natureza autoimune, caracterizada por surtos graves de neurite éptica e
mielite transversa, de evolugdo mais freqliente na forma recidivante-remitente, com
pouca remissao dos déficits entre as crises, altamente incapacitante. A presenca do
anticorpo anti-aquaporina 4 (anti-AQP4) foi descrito em 73% a 91% dos pacientes
com diagnéstico de NMO. Doencas autoimunes podem frequentemente ser
desencadeadas ap0s infec¢des por micro-organismos, como agentes virais. A NMO
e a infec¢do pelo HTLV-1 possuem prevaléncia coincidentemente elevada em certas
areas do globo, como o Brasil. Com o objetivo de avaliar a associacdo do HTLV-1
com a NMO, foi pesquisada a presenca de anti-AQP4 e anti-HTLV-1 em 34
pacientes com DENMO, 43 pacientes infectados com HTLV-1, assintomaticos ou
com a doenca mielopatia associada ao HTLV-1 (HAM/TSP) e 23 controles sadios.
Nenhum paciente com DENMO apresentou sorologia positiva para HTLV-1. Nenhum
paciente infectado pelo HTLV-1 apresentou soropositividade para anti-AQP4. 60%
dos casos de DENMO foram positivos para anti-AQP4. Esses resultados sugerem
que a mielopatia associada a variante aguda da HAM/TSP e aquela associada ao
anticorpo anti-AQP4 sao entidades clinicas distintas, e provalvemente, nao
relacionadas de forma patogénica ao HTLV-1 em nosso meio.

O cérebro humano expressa amplamente AQP4, mas estudos
anatomopatolégicos e de neuroimagem nao detectaram lesGes corticais
desmielinizantes ou infiltrados inflamatérios no DENMO. A fim de avaliar melhor a

presenca de alteragdes estruturais nas substancias cinzenta e branca encefélicas no
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DENMO, foram estudados 34 pacientes por RNM de 3T e tomografia de
coeréncia Optica retiniana pareados com controles sadios, divididos nas
apresentacoes NMO, mielite transversa longitudinal extensa (MTLE) e neurite éptica
(NO), além de soropositivos versus soronegativo para anti-AQP4 e 5 anos ou menos
de doencga versus mais de 5 anos de doenca. Houve maior grau de atrofia retiniana
nos grupos NMO e NO, além dos grupos anti-AQP4+ e mais de 5 anos de doenca.
Foi constatado maior grau de atrofia cortical cerebral e estruturas da substancia
branca nos grupos NMO e MTLE, anti-AQP4+ e mais de 5 anos de doencga. A atrofia
retiniana se correlacionou positivamente com a atrofia do lobo occipital. Esses dados
sugerem que o DENMO estd associado a atrofia de estruturas das substancias
cinzenta e branca cerebrais; que a atrofia ndo se limita apenas as areas das vias
sensorial, motora e visual, mas é mais difusa; que quanto maior o tempo de doenca
e a presenca do anticorpo anti-AQP4, maior € o grau de atrofia cortical, configurando
estes fatores, tempo e anti-AQP4+, como de pior progndstico; e a correlagao positiva
entre atrofia da camada de fibras nervosas retinianas e atrofia pericalcarina, além da
escala de incapacidade funcional expandida (EDSS), sugere que a degeneracéo
neuronal retrégrada e/ou anterégrada do tipo Walleriana é um importante causador

da atrofia cortical no DENMO.

Xix



XX



Abstract

Neuromyelitis optica (NMO) is an inflammatory disease of the central nervous system
(CNS) of putative autoimmune aetiology, which is characterized by severe attacks of
myelitis and optic neuritis (ON). A relapsing course with rapid accumulation of
neurological deficits with little or no remission is common. The NMO is autoimmune
in nature and antibodies to Aquaporin 4 (AQP4) are associated with the development
of the disease. AQP4 is the most common water channel protein of CNS, present in
astrocytes processes, endothelium and piamater meninges. It predominates at some
sites of the CNS, as optic nerve, brain stem and gray matter of medulla, the same
sites of the usual inflammatory lesions. Autoimmune diseases may be triggered by
microorganism infections and NMO and HTLV-1 infection have coincidentally high
prevalence in certain areas of the world including Brazil. To study a possible
relationship between these two diseases, we determined the seroprevalence of
antibodies to AQP4 in 43 patients with HTLV-1 infection, asymptomatic or with HTLV-
1 associated myelopathy (HAM/TSP) and that of HTLV-1 antibodies in patients with
neuromyelitis optica spectrum disorders (NMOSD). AQP4ab positivity was found in
60% of NMOSD patients, but in none of the HAM/TSP patients and none of the
asymptomatic HTLV-1 infected individuals. Conversely, all AQP4-Ab-positive
NMOSD patients were negative for HTLV-1 antibodies. The results argue both
against a role of antibodies to AQP4 in the pathogenesis of HAM/TSP and against an
association between HTLV-1 infection and the development of AQP4-Ab. Moreover,
the absence of HTLV-1 in all patients with NMOSD suggests that HTLV-1 is not a

common trigger of acute attacks in patients with AQP4-Ab positive NMOSD in
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populations with high HTLV-1 seroprevalence. Although AQP4 is also expressed
widely in the human brain cortex, beyond the common sites of lesions in NMO, recent
studies have found no MRI or histopathological evidence for cortical demyelination.
To investigate magnetic resonance imaging (MRI) patterns of gray matter (GM) and
white matter (WM) abnormalities in patients with NMO and its incomplete forms,
isolated longitudinally extensive transverse myelitis and optic neuritis, and to assess
the prognostic impact of GM and WM abnormalities in these conditions, we
performed both 3T high-resolution T1-weighted and diffusion tensor MRI in thirty-four
patients with NMO spectrum disorders (NMOSD) and 34 matched healthy controls.
Voxel-based morphometry (SPM8/MATLAB2012b), cortical analyses (Freesurfer),
and diffusion tensor imaging analyses (TBSS-FSL) were used to investigate brain
abnormalities. In addition, retinal nerve fiber layer was measured by means of optic
coherence tomography (OCT). These analyses resulted in following findings: (1)
NMOSD is associated with GM and WM atrophy, which encompasses more brain
structures than the motor, sensory, and visual pathways; (2) this atrophy is more
widespread in patients with NMO and LETM than in patients with ON; (3) the extent
of GM atrophy correlates with disease duration, and (4) GM/WM atrophy in NMOSD
is more pronounced in AQP4 antibody-seropositive than in -seronegative patients.
Furthermore, it was demonstrated for the first time in NMOSD a correlation between
RNFL atrophy and GM atrophy in the occipital lobes as assessed by OCT, indicating
a role for retrograde degeneration in GM atrophy and suggesting that the extent of

brain GM/WM atrophy may be of prognostic relevance in NMOSD.
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Introducao

NEUROMIELITE OPTICA

A neuromielite 6ptica (NMO) ou Doenga de Devic é uma doenca inflamatéria
autoimune primaria do sistema nervoso central (SNC) de etiologia ainda ndo bem
esclarecida, definida por surtos, recorrente ou ndo, de mielite transversa e neurite
optica (1,2). A remissao espontanea é rara, sendo frequente a progressao rapida € o
acumulo de deficiéncias neuroldgicas. A média de idade do inicio dos sintomas é 37
anos, apesar de existirem relatos de casos ocorrendo na infancia e entre idosos
(3,4).

Devic e Gault no final do século XIX descreveram a neurite optica bilateral e a
mielite aguda ocorrendo ao mesmo tempo ou numa rapida sucessédo, como condi¢ao
sine qua non para o diagnostico da NMO (5). Por muito tempo, foi discutido se a
NMO era uma variante da EM, uma vez que a neurite Gtica, a mielite e a inflamacao
desmielinizante estédo relatadas nas duas doengas (4). No entanto, a apresentacéo
clinica mais comum envolvendo os nervos épticos e a medula; a evolugdo nao
progressiva, mas com surtos mais graves, incapacitantes e com pouca recuperagao;
a extensdo da lesdo medular, envolvendo mais de 3 corpos vertebrais vistas na
ressonancia nuclear magnética (RNM) de medula (1); e a descoberta do anticorpo
anti-NMO em 2004 (6), com posterior descoberta do auto antigeno contra o qual ele
reagia, a aquaporina 4 (AQP4) em 2005 (7), tornou possivel a distincao entre NMO e
EM como entidades clinicas com fisiopatogéneses diferentes(4).

A NMO esta associada a presenca de anticorpos contra a AQP4 em 60 a 80%

dos casos (6,7). A AQP4 é o principal canal que regula a homeostase da agua no
31



SNC, e esta distribuida em alta densidade nas regides perivasculares e subpial nos
pés dos astrocitos. Ela & encontrada também nas membranas das células
ependimarias, mas nao nos neurdnios, oligodendrécitos ou células epiteliais
coroidais; acumula-se nos nervos Opticos, tronco encefélico e substancia cinzenta da
medula espinhal, correlacionando com os locais preferidos das lesées (8). A
expressao e regulagdo da AQP4 tem sido estudada no sentido de entender sua
fisiologia em varias condi¢oes patoldgicas como a NMO (9,10).

A associacao da NMO com outras doengas auto-imunes como as tireoidites,
lupus eritematoso sistémico (LES) e sindrome de Sjégren forneceu evidéncias sobre
a natureza autoimune dessa doenca (1,11). Estudos iniciais mostraram que o
anticorpo anti-AQP4 foi detectado em 14 de 85.000 amostras de pacientes suspeitos
de autoimunidade paraneoplasica. Posteriormente, a NMO foi confirmada em 12 dos
14 pacientes soropositivos inicialmente para os anticorpos anti-AQP4 (6). Este auto-
anticorpo também foi descrito em 12 soros de 19 pacientes diagnosticados com a
forma optico-espinhal de EM em asiaticos (12). Estudos realizados na Espanha,
Reino Unido, Franga, Turquia e em um estudo multicéntrico europeu, mostraram que
o anticorpo anti-AQP4 detectado pelas técnicas de Imunofluorescéncia e
Imunoprecipitagdo era 91-100% especifico para diferenciar a NMO ou a forma
optico-espinhal da Esclerose Multipla (13). No entanto, mesmo utilizando ensaios
extremamente sensiveis cerca de 10-25% dos pacientes diagnosticados para NMO
sao soronegativos para os anticorpos anti-AQP4 (2). Essa observacao pode indicar
problemas no diagnéstico, sensibilidade dos testes ainda inadequados para
quantificar esses auto-anticorpos ou a resposta imune dirigida a outro neuroantigeno

que nao a AQP4.
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A observacao de casos de sindromes agudas isoladas de mielite transversa
longitudinal extensa (MTLE), com lesbes continuas envolvendo mais de 3 corpos
vertebrais vistas pela RNM de medula, ou de neurite optica recorrente (NOr),
associado ou ndo a presenca de anticorpos anti-AQP4 levaram a uma nova
classificacdo em 2006, proposta por Wingerschuk e colaboradores (4,11). Estas
sindromes (NMO, MTLE e NOr) foram classificadas de uma forma mais ampla como
Disturbios do Espectro da Neuromielite Optica (DENMO). A MTLE e a NOr, formas
incompletas de NMO, apresentam soropositividade para o anticorpo anti-AQP4 em
aproximadamente 60% (14) e em 5-25% dos casos (15-17), respectivamente, e a
sua presencga determina um alto risco para evolugao para forma classica da NMO.
Por este motivo, alguns autores denominam as formas incompletas de NMO
soropositivos para o anti-AQP4 como sindrome de alto risco (2,4).

No Brasil, os estudos com NMO e a detec¢do do anticorpo anti-AQP4 estéao
em sua fase inicial, e em trabalho recentemente publicado pelo grupo da
Universidade de Sao Paulo com uma casuistica de 28 pacientes, os autores
determinaram os niveis de anticorpo anti-AQP4 em 64% dos pacientes com NMO
(18). Varios estudos estdo sendo feitos no sentido de verificar se o anticorpo anti-
AQP4 é apenas um marcador biologico da NMO ou se esse anticorpo atua na
patogénese da doencga. Trabalho recente sugere que o anticorpo anti-AQP4 deve
participar da destruicdo tecidual observada na NMO (19), e os surtos sao precedidos
por um aumento sérico dos niveis deste anticorpo (20). Nos sitios lesionais sao
encontrados predominantemente desmielinizacdo da substancia branca medular,
tronco cerebral e nervos Opticos, com infiltrado de neutréfilos e eosindfilos e

deposicao perivascular de imunoglobulinas IgG e IgM e componentes ativados do
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complemento (21). Estas lesdes podem evoluir para necrose tecidual, associado a
formacéo de cavidade, e coincidem com as areas de maior concentracdo da AQP4

no SNC (10).

ATROFIA CORTICAL, LESAO RETINIANA, NEURITE OPTICA E LESAO
MEDULAR

O cérebro humano expressa amplamente AQP4, incluindo o seu cértex. Como
estudos por RNM de cranio demonstraram lesbes desmielinizantes corticais no
cérebro de pacientes com EM forma recorrente-remitente (EMRR) desde os
primeiros anos de doenga (22), Calebrese e colaboradores investigaram também a
existéncia de lesbes corticais em pacientes com NMO, comparando-os com EMRR,
e de forma intrigante, ndo encontraram lesdes desmielinizantes (23). Anteriormente,
um trabalho por necropsia havia estudado o cortex de pacientes com NMO e nao
detectou infiltrados inflamatérios e nem perda da expressdo de AQP4 cortical, um
achado comum nos sitios de lesbes medulares e da substancia branca cerebral
(21,24). Entretanto, dois estudos independentes de neuroimagem detectaram atrofia
de estruturas cerebrais, principalmente, em regides ligadas aos sistemas visual,
sensorial e motor (23,25). Como nao existiam desmielinizagées ou infiltrados
inflamatérios corticais, foi levantado a hip6tese de estas atrofias focais poderem
estar relacionadas a um processo de degeneracao retrégrada desencadeada pelas
tipicas lesdes axonais nos nervos 6pticos e medula espinhal, com repercussao nos
respectivos cortex das vias lesadas (23,24,26).

Nesse sentido, estudos com tomografia de coeréncia 6ptica (OCT)

demonstraram uma importante redugéo da espessura da camada de fibras nervosas
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retinianas como consequéncia das lesbes axonais das células ganglionares
retinianas e atrofia do nervo éptico que se seguem apds episoddios de NO na NMO
(27-30).

A fim de aprofundar o estudo das atrofias das estruturas da substancia
cinzenta e substancia branca cerebrais, e estudar a presenca de alteracdes
precoces, analisamos através de trés métodos automatizados e validados na
literatura, morfometria baseada em voxel (VBM), segmentagdo cerebral por
Freesurfer e estatistica espacial baseada em tracto (TBSS) (31-33), as imagens
volumétricas em T1 e em tensor de difusdo do cranio adquiridas através de aparelho
de RNM de alto campo (3T) de pacientes com DENMO, divididos conforme
apresentacao da doenca (NMO, MTLE, NO), tempo de doencga (5 anos ou menos do
primeiro surto ou mais de 5 anos de duragao) e deteccao sérica do anticorpo anti-
AQP4 (seropositivo ou seronegativo). Além disso, realizamos a analise retiniana dos
pacientes através de OCT de ultima geracdo SOCT Spectralis OCT™ (Heidelberg
Engineering, Heidelberg, Alemanha), e correlacionamos o grau de atrofia da camada
de fibras nervosas retiniana com a espessura do coértex visual pericalcarino e a
escala de incapacidade funcional expandida (EDSS) a fim de verificar se os fatores

apresentacao clinica, tempo e presenca da anti-AQP4 teriam valor progndstico.

HTLV-1 E O ANTICORPO ANTI-AQUAPORINA 4

Outro ponto a ser destacado é a existéncia de alguns relatos de casos
associando mielite infecciosa, lesbes centro medulares multi-segmentares e
anticorpo anti-AQP4. Em paises com alta incidéncia de mielite infecciosa, por virus,

fungo ou bactéria, e coincidente alta prevaléncia de NMO, a especificidade da
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pesquisa do anticorpo anti-AQP4 pode ser comprometida (34). Além disso, nao se
sabe qual seria a importdncia destes anticorpos nestes pacientes com mielite
infecciosa.

Recentemente, surgiram na literatura casos de individuos portadores
assintomaticos do HTLV-1 ou com a forma classica de HAM/TSP, que apresentavam
uma evolugdo aguda de mielite transversa acompanhada ou n&o de neurite Optica,
uma apresentacao considerada tipica da NMO (35-39). Consequentemente, estas
sindromes clinicas receberam a denominagdo de HAM/TSP variante aguda. Estes
relatos levantaram a possibilidade de o virus HTLV-1 estar relacionado a surtos de
NMO, pelo fato de doengas autoimunes frequentemente serem desencadeadas apds
infeccbes por micro-organismos, como agentes virais, através de mimetismo
molecular com antigenos proprios em individuos geneticamente susceptiveis (3,4); e
por ambas as doencas apresentarem prevaléncias elevadas, coincidentemente, em
certas areas do globo (40,41), incluindo também o Brasil (42-48).

Por esse motivo, na primeira parte do nosso trabalho, determinamos os niveis
do anticorpo anti-HTLV-1 em pacientes com DENMO com o objetivo de avaliar se
existia uma correlacdo entre a infeccéo viral e esta sindrome neurolégica. Também
foi pesquisada a presenca de anticorpos anti-AQP4 nesta populagdo de pacientes
através da técnica de Imunofluorescéncia indireta em células HEK293 transfectadas
com o gene da AQP4 humana, método mais sensivel (70%) e especifico (100%)
disponivel atualmente no mercado internacional (49,50).

A seguir, encontra-se um artigo de revisao caracterizando e comparando as
mielopatias associada ao HTLV-1 e associada ao DENMO, publicada na revista Latin

American Multiple Sclerosis Journal em 2013.
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Resumo

A neuromiedite optica (NMO) e a mielopatia associada ao HTLV-1/paraparesia ea-
paafica fropical {do inglés, HAM/TSP) ado doencas inflamadorias do aistema nervoaso
central. A MMO & umna sindrome de etiologia autoimune, ainda nd&o muito bem definida,
e a HAM/TSP & considerada uma doenca imunomedinda associada a infeccio pelo
refrowvirus HTLV-1, evoluindo com apresentactes clinicas distintas. Recentemente,
alguns casoa sgudos de mielite franaveraa afou neurite oplica duranfe o curso da
HAM, TSP foram deacrifos, com evoluco clinica ssmelhante a NMO, e denominados
varante saguda da HANM/TSP Eatea relatos levantaram a poasibilidads do HTLV-1 eatar
relacionado 6 surtca de MMO, pelo fato de deencas suioimunes frequeniemsenie serem
desencadeadas por infecctes virais em individuos geneticamenie susceptiveis, e
ambas as doengas apresentarem prevalencias elevadas, concidentements, em cerias
areas do globo. O pressnte estudo tem como objetivo reviaar os casos agudos de
HAM, TSP e discutir oz aapecios clinicoa, patologicos e laboratoriais da méelopatia
aasociada ag HTLY-1 e da NMO

Palavras-chave: Neuromielite optica; paraparesin eapastica fropical, virus 1 linfotropico
T humano.

Abstract

Neurcmyelitiz opica [NMO) and HTLV-1-associated myelopathy/ropical spastic
parzparesia (HAMTER) are infammaiory dizeazes of the central nervous sysfem. NMO
iz a syndrome of eutoimmune effology shill not well defined and HAM/TSP iz conaidered
an immune-mediafed disease associated with the infecton of fhe HTIV-T refrovinus,
evaling with diferent clinical presentations. Recently, some acule cases of fransver
== myelitis andfor cplic peuntiz during the cowrse of HAM{ TSP were described, with
2 ciinical evolubion similar bo NMO and were caifed acule varanf of HAMITSP These
repors raiged the possibilty that HTLV-T iz relafed io NMO attacks due fo the fact that
zutoimmune diseases gre eguemly inggered by vwa!l infechons in genelicaly suzcepfi-
bBle individualz and that both diseases present high prevalences, coincidendly. in cedain
areas of the world. The obiective of the prezent sfudy iz fo revew acute cases of HAMWY
TSP and dizcuss cinical, pathological and leboraiory fEatures of HTL- T-aszocialed
myeiopaify and N0,

Keywords: Neunonmyeitz opbea; ropical spazic pampasss, humman Hymohotopic viue 1.
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Miglite franaversa associads & neuromielte optica e mislopatia associnds a0 HTL-1

Resumen

L3 peuromisliiz aptica (NMO) v la miclopatiz vinculada af HTLW 1/paraparesia espastica fropical (def ingiés, HAMTSF) 2on
enfermedades inflamafarias del sizferma nendoso cenfral, Ls NIWD ez un aindrome de ebiclogia sufoinmune, fodawia no definida
muy bien, v la HAM/TSP a2 considerads como siendo una enfempedad mmunomedizds vincwiada a & infecoidn por ef refrovirus
HTLW1, svolucionande con dierentes presendaciones cimicas. Aecienferments, se describieron alguncs casos agudos de misltis
framsversal wo neurdiz dpbicas durante ef curso de la HAMITSR con evolucion elinica semejanie a la NMO y denominados vanaoi-
an aguds de fa HAM/TEP Exéos relafns indicaron la posibiidad de que e HTLW-T pueda esfar relacionado con afaques de NMC
por &l hecho de gue las enfermedades aufoinmunes son demencadenadas, frecuenfemente, por infecciones wisles en inchvuduos
genaficamenie suscapiibles, ¥ ambas enfermedades mosharon preponderancias alfzs. como coincidencia, en cierdas regianes
aed mundo. Ezfe estudio Hene como obietivo revisar los casos agudos de HAMITEP v analizar los aspecios cfinicos, pafologicos
¥ de laboratoro de ia mickoatiz vincwiach af HTLET y de iz NMO.

Paiabras-clave: Neuromisiiis dphics: pamparesia espésica mpical, wus 1 linktmpioo T humana.

Inroducao

Meurcmislite optica (NMO) & umna doenca inflametonia au-
toirmune prmaria do siatema nervoao central JSNG) de efickogia
ainda nao bem esclarecida, defineds por aurto, recorente ou
nao, de mielife fransveraa & neurte oplica.’* Em 60 a B0% doa
casos, a NMO eata associada 4 presenca de anficorpos confra
o principal canal de Agua do SMNC, a aqueporina 4 (AGP4),
considerade nao apenaa um blomarcador, mas um importtante
agente na fisiopatologia da doenca ** A chaervacio de casos
de sindromea agudas izoladas de mislite ranaversa longitucdi-
naimente exienaa (MTLE), com lestes confinuaa envolvendo fréa
ou mala corpos vertebrads vistas pela magem por resaonancia
magnetica (IBM) de medula, ou de neurfe optica recomente
{MNCr}, associados ou no & presenca de anficonpos ant-AGPS,
lewoi: & uma nowva classificacio emn 2006, propoats por Wingera-
chuk & colaboradores. Exsas aindromes (NMO, MTLE & MO
foram classdficadas de uma forrna mads ampla como disturbios
da especin da neurcmielite optica (DEMKO. As formas imcom-
pletas de NMO (MTLE e MNOr} apresentam aoropoaitvidade para
o anbeorpo ant-AGPY em apromadamente 607 2 em 5-25%
doa caacs, ™ rezspectivaments. & o sus pressnca deferming um
alto risco pars evolucho para forma classies da NMO

Parapareais espastics tropical & mislopatia associada a0
HTLV-1 (HAM/TSP) & uma doenca inflamatonia imunomediada
predominantements do SNC, porém relacicnada a um retrovins,
o virua linfofropico de celuiaa T iipo 1 (HTLV-1). A manfeatacio
cliréica maia frequente e caracterzada por uma parapoaresia ea-
pastica com evolucio progreasiva e cronica, OO graus vana-
veiz de alteracbes seraoriai, disflrbios urinarioa. coratipacao
inteatinal & chsfuncao erétil " A fisiopatologia da HAMTSE nao
eafa completamente slucidada, mas um doa principaiz meca-
niamos sugericos envolve uma reacdo inflamatoria mediada por
linfacitos T ciictoxicos, nduzida ou nao por anfigenos do HTLY-
1 expreszos pelas celulas T GD4° infectadas Esas respoata
imune afua na eliminacio do vires, mas ao meamo empo, a
irflarmacao reauftante contribul para a feaho do fecido nervoso
a0 nivel medular, 15542

Fecentemenie, surgiram casoa na leratura de individuca
poriadores axsintomaticoa do HTLY-1 ouw com a forma classica
de HAM/TSF gue apresentavam uma evolucao aguda de mislits
traraveraa acompanhada ou ndo de reurte oplica, uma apre-
seniacho conasiderndn stipica da forma classica de mislopatia
associads as HTLY-1.4% Conaequentemente. easaa sindromea
clinicas receberam a denorminacao de HAM TSP vanante aguda.
Esses relatos levantaram a possdhilidade do virus HTLY-1 eatar

relacionado a surtos de NMO, pelo fato de doencas autcenmunes
frequenfermente serem desencadesdas por infecgbea por micro-
-OfgEnEamoa, Como ageniea virais, em individuos geneticamenie
susceptiaeis, alraves de mimefismo molecular com antigenos
proprica; & ambas a3 doencas apresentarem prevaléncias ele-
vadss, coincidentements, em cerlas sreaa do globo. O presente
eatudo ocbjetiva revizar oa casos agudcs de HAMTEP e diacutr
o8 aspectos clinicoa, patologicos e iaboratoriais da mislopatia
aasooindo a0 HTLW-1 e aos DEMMO,

Epidemiologia

Eatudos epidemiol&gicos eatimam 15 a 20 mghdes de indi-
viduos nfectados pelo HTLY-1 no mundo, ™" sendo as maicres
prevalienciaa observadaa em algurs paisea da Aszia, Africa e
América Lating ™ Comcidentemente, apesar de poucos eafu-
dea populacionais epidemiciogicos, & prevaléncia de DENMO
& maior em pacientes asiabcos, affodescendentes & hizpéni-
cos quando comparados com caucasianca *== E gbaervada
tambem uma predilecao, em ambas as doencas, pelo asxo
feminno 1224

Mo Brasi, a nfeccio pelo winus HTL1 ja foi demonstra-
da em fodas a3 regides geograficas. Estudos nacionais com
doadaorea de asngue demonatraram uma prevaléncis total de
0,453, eatimando-ae gue cerca de um milhGo de brasdeinoa
sio portadores do HTLVW-1.2F O casos registrados no Brass
de HAM/TSR assim como de DENMO, predominam sm airo-
descendentes e pacientes do sexo femining 22

Revisao de casos relacionados com sindromes
agudas associadas a infeccao pelo HTLV-1

Ao revisarmoa a literafura na base de doadoa Pubmed, en-
contramos aeia relafoa de cosos escrilos na lingua ngless. O
primeirg caso registrou um surto de neurte oplica a eaquerds
em wna paciente de 50 anos. gue vinha em scompanhamenio
por HAMTSP classica, com anticorpos anti-HTLW1 detectados
na LGR e soro. A pacients apresentou s(bita diminuicho da
acuidade visual com exame clinico e imagem por BAM de cra-
nio confemando neurite optica retrobulbar e excluindo outras
poaateia eliologias. Ma época, nao existia a pesguisa do an-
beorpo anti-A0FP1. % O aegundo caso foi publicado e 2003 &
apresentou o primeirn estuds anatomopaioldgico de um caso
de HAM/TSP aguda. Um paciente de 32 anos deassmvabveu um
quadro climico de mislte tranaversa aasociada A presenca de
anti-HTLY-1 no LGR & scro. Evoluiu a obido por aspae apoa 11
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mesea de acompanhamento e o eafudo anatomopatologico
demonafrou nfitrados inflamaionos perivasculares e parengui-
matosca envolvendo a coluna laferal da medula toracica baixa,
assorciados & vacuolizacdo da substincia bronca, coractenisti-
cas anstomopatologicas dos pacientes com HAM/TSP clasaica,
Airda nao exefia peaquiaa de anti-AGP4." O caso foi descrito
como vananie aguda da HAMTSFP

Puccsoni-Sohler e colnboradores deacreveram o tercsim
caao retatando uma pactente com aurto de mielife fransverss,
que evoluiu com obio por sepas apoa trés meses de segui-
mento. Ma mvestigacao, foram detectados anficompos ant-HTLY
e carga proviral para o HTLV-1 masor no LCR que no soro. O
eatudo anstomopatologico evidenciou leades caracterisiicaa da
HAM TSP na medula toracica e infiltrados linfociancs penvascu-
lares emvolvendo nao a0 medula, mas tembemn encafalo, figado,
miiscuios & glandula adrenal *

O quario caso apresentou um paciente portador assintoma-
fico de HTLW-1 que evoluiu pars MTLE, emvohendo seis corpos
vertebesis, com anficorpo anb-HTL-1 positivo ne LCR e soro. O
pacients fod tratado infciaimente com corbooatercides e na evo-
hucie, com interferon alfa. Apoas res anos, evoluiu com neurite
apfica e povo aurto rmedutsr. Ma inveatigacio, foram detectadca
afica titulos ssricos do anticorpo ant-AQP4. Y O quinto caso o
de um pacients de 31 anos com antecedente de neurite oplica
bilateral grave e atrofia importante da camada de ficras neno-
ana refinianas avaliada pela tormografia de coeréncia optica (do
inglea, OCT). Apoa cinco ancs, apresentou quado meduler agu-
do, envohvendo medula de G2 a T1 demaonairado pela imagerm
por IRM, com peaqueza 3enca do antioorpo ant-AGPS negativa
e presenca de fiulos de ant-HTL-1 maior no LR gue no som.

Hounve remizséo parcial dos sinass e sinfomas apos pulacterapia
com coricosiercidea * O sexto e (ifimo caso relaiou a sindromse
clinica de uma pacients de 19 anos, com episddios de neurite
oplica recomente, que evoluiu, posteriomente, com encefalops-
fia. A carga provirad do HTLY-1 foi maior no LCR que no sono e
a avaliacho doa anbcorpos anti-A40P4 moairou ttulos elevados.
LUma bicpaia cersbral demonstrou leates desmielinizantes afvaa
necrolizantes & suzencia de AQP4, padrao caractenisticn de
MMO™ (tabela 1),

Analisando o8 assa casos. o eatudo anatomopatologico fof
o gue melhor definiu o disgnostico final, 3= variante aguda de
HAM/TSF ou DENMO. Sa0 caractenaticas da HAMTSP infiltra-
doa nfomonocitarics parenguimatoacs e perivasculares, com
predoming de linfocitos T COBT, T CD4T & B, na subatancia
branca e cnzenta medular, mas localizados nas colunas iaternis
e poateriores da medula toracica, com vacuoizacho da auba-
fEncia branca crounferencial. Pode ser encontrada tamibem in-
fiamacio asistémica com infilirados linformonocitanos emvoivendo
muscuios, glindulas e figadio, %2 Por ouino lndo, nos DEMMO,
predominam ieades desmisinzanies na substancia branca me-
dular, tronco cersbral e nervoz opticos, com infitrado de newtrofi-
loa e eosndfilos & deposicio pervascular de imunogicbulinaa oG
& lgM e componentea abvados do complementio Exsas jeadea
poden evolur pars necrose fecidual, associada a formaganc de
cavidade, & concidem com as areas de malor concentracao de
AGP4 ™ Porianin, a exiaténcia de doiz padibes hisfopatologi-
cos distinios, um imunocelular & oulro imuno-humoral, facilita a
definicio diagnoabca dos casos atipicos ™

& carga proviral do HTLY-1 foi tarmbém um pardmsetro mmuito
utilizado. Ca achados da iterabura dernonatraram que pacientes

Tzbela 1, Relatos de caso sobre infecgio pelo HTDE1 e guadeo clinkco de mielite ef ou meurite optica.

idade anti-HTLV-1/ou
Estudos " Apresentacio clinica ; anti-A0P4
SEX0 carga pro-viral
Yoshida Y. - HAMYTSP tipico durante 3 anos. Evoluiu com neuwrite dptica .
1 ) Yy
et al, 1998M S aguda, confirmada peta IRM de cranic. Hefsee e
kasabata N Miclite transversa aguds com kesSo medular extensa maior que
& :EF'I'EE-"'. 52H  foorposwerebeais Depois do Sbito, estudo anatomopatlogico LCR>Sarm D
- indicou lestes tipacas de HAMTSP
Pacrioni-Sokier M Mistite tr ia T e crding L Dhapeci bt
ioni Satie S1M e nsversa aguds : cranic normal Depals do dbit, i e
et al, A3 estodo antomopatologico indicou lesdes tipicas de HAMYTSR,

Kga M. MO = miglite transversa reconente, W de medula com lesso Pttt
i3 ':III'B" 56, M Extensa maior gue & oorpos veriebei IAM de crénio demonstoo LCR>So00 glto
ol ledes desmislinizantes perventriculares. 132768

Ofindo & M0 e miglite, M de medula indicou lesSo extensa envolvenda
t al 1|'_“-15|-3u 5LM ¥ corpos vertebreis. OCT indicou atrofia de camada de-fibras LCR>500m Megativo
S nierwsas retiniana bilateral e assimetrica. IRM de cranio normal.
2 u Mewrte optics recorrente e encelalopatia subaguda. (RM de positivefitulo
;:gnf;i' ’ 19 M cranio demanstrou ledes desmiglinizantes periventriculares. LCR»So6m altio
Rk Biopsia cerebral compativel com NMC: TAS.000
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Miclite iraraversa associnda a neuromielte optica & mislopatia associads ao HTLY-1

com a doenca HAMTSP apresentam maior carga proviral noa
linfocitos do ssngue periférico do gue portadores asaintomati-
con, Lim grupo francéa demonatrou ainda que meama enire oa
pacientea com HAMTSR agueles comn uma evolucho do quadno
clinico motor mais rapida, apresentaram maior carga proviral
em comparacio aos qQUe DOSSUIAM progressd&o mais lenin ®
Entretonto, alguns autores augeresn que wma canga proviral msass
elevada no LCR em relacio ao sangue periférico reflele meihor
a inflamacho que ocome no SMC dos pacienies com HAMY
TESPT= Em 2001, um interesaanie estudo propda um profoco-
lo de inveatigacao diagnoatica para pacientea infectades pelo
HTLV-1 & com distirbios neurciogicos. Ease protocolo emvolvey
a combinacio dos resuliados do indice de IgG de anficorpoa
eapecificos anti-HTLY-1 no LCH e aoro, deteccao de bandas
oligocionaia de IgG reafritas a0 LCR e a pesguiza da carga
provical do HTLV1 mo LCR. A associacdo dessss dados no
algoritmo propoato resuttou em aenadilidads de 96% e especii-
cidade de 100% pora o diagniatico de HAM TSP * &, portanto,
pode auwdliar na defnicio disgnastica entre casca de portadones
asainfomaticos de HTLV-1, acometidoa pelos DENMO & casca
de vanante aguda de HAMTSR

Estudo de antt-AQPY em pacientes com
HAM/TSP

O HTLV-1 & um wvirua de bama vinsiéncia e a maioria doa
individucs nfectados nao desenvolve doenca, permanecenda
asaintomatica pelo realo dos suas vidss, N0 eata claro ainda
porque menca de 5% doa poacientes infectados poderao de-
sermolver HAMTER leucemia/linfoma de celulas T do adulio
{do ingiéa, ATL), uveits efou ouiras maniestactes nfiamatonas.
Devido o ausencia de marcadores eapecificos corelacionando
leades do SNG e o HTLV-1, fica dificil aasociar apreseriaciea
clnicas afipicas de HAM/ TSP ou cutras manifestacées neu-
ologicas com a sua simples nfeccio. Assim. nos casoe de
evolucED aguds/subaguda de misfits franaveraa, tem-ae ienindo
associar o HTLV-1 como agenie etologico, apos deteccio de
titulca maia elevadca de anficorpos especificos ou carga pro-
viral no LCR do gue no sangue periferico ou ainda; uliizando
a combinacio do indice de IgG para anticorpoa eapecificoa
anti-HTLY-1.# Porém, exiatern cascs de portadores assintoma-
ticos com elevada carga proviral no sangue periférico, aem
gualguer manifestacio newroldgica. = ou ainda. dificuldades
tecricas e financeiraa para a realizachio da pesquisa da carga
provirgl em areaa distantes dos grandea cenfros, Ezses as-
pectos indicam a necesaidade de mais estudos no busca de
poasivels biomarcadores eapecificos para compreensao doa
fendmenoa envolvidoa na infecc@o pelo HTLY-1 e ieadea do
SHC, assim como occorreu nos DEMNMO apds a descoberia
do antcorpo -anki-AGP4*

Mo caso da NMO, @ foram demonatrados casos de apare-
cimento de anficonpo anti-AGP4 precedidos por infecobena virasa
2 bacterianas =% Para, verificer ae o HTLN-1 poderia agir como
dessencadeador diocas DEMNMO, noaso grupo invesbgou a pressnca
cie arficorpos anti-AGP4 em 22 individuos portacores assintoma-
ticos de HTLV-1 & 26 com HAM TSP sendo que fréa delea eram
coinfectados com HIV e/ou virua da hepatite C. Um pacenie
apresentou HAMTEP aguda. com historia de NO de repeticio
e mielite transveraa. Mo detectamos ant-A0F2 noa casos eatu-
dados™. Fizemoa também a peacuiza de arficorpo ant-HTLY-1
em um grupo de pacientes com diagncatico de DENMO clinico

e sompoaitvo parn anti-AGF4 e menhum desses pacienies apre-
sentou anticorpo anti-HTLY-1 detectavel = Eases achados nos
permitram conchir que o HTLV-1 nao parece ser um agente viral
comum desencadendor de DENMO:; que anii-A40P4 nEo eata
comumente envobido na fisicpaiogenia da mislopatia associa-
da a0 HTL-1: que em areas com aia prevaléncia de infeccio
pelo HTLV-1 & cazos de DEMMO. como o Brasd, pacenies com
guadro clinico afipico de HAM/TSP deverinm ser inveatigacos
para presenca do anbcorpo ant-AGPY para melthor definicao
diagnoatica e proposta terapeutica adequada

O teste de linfoproliferacio eaponténea & outro feste (a-
boratorial que pode ajudar a diagnoaticar HAMTSP™ Como
o HTLACT promove a hiperafivacdo daa celulas T, induzindo-as
8 secretarem citocinas inflamatariss como IL-2, 115, THF-alia
e |NF-gama, alem de sumentarem a expresado do receplor
de |[L-2* o feste de linfoproliferacao detecta aumento signifi-
calivo da proliferacho eaponianea, aem eatimulo, de nfocitos
em culbura de pacientex com HAMTSP guando comparacos
a confroles sadios. poriadores assinfomaticos do HTLY-1 e na
comfeccao HWVHTLET, 2o meamo fempo em gue apresentam
uma menor resposts aos eatimulos neapecificoa, comao & fito
hernagluinina (PHA} & aoa eapectiicoa, como o antigeno can-
didina {CMA], Existe tambem wm sumenio da linfoproliferacio
eapontdnea em menor graw, mas significativo, dos portadorea
aasirfomaticos comparados com os confroles. Interessante &
gue o HIV provocca uma menor resposia proliferative de in-
focitos T, e na comfeccho HTLW-1/HI, oa nfociios voltam a
ficar hipesreativoa * Mo casc da NMO, nao sxste auments
da reaposta linfoprofiferatva sspontdnea quando comparsdo
a confroles andios *

Cifres dedoa gue podeniam awxiliar na diferenciacao diag-
nostica enire oo casoca de HAMTSP aguda & DENMO com
clinica de neurite optica senia o esfudo da comada de fibras
nervoase retindanaa pela OCT. A literaturs tem demonatrado wna
atrofia retiniana importante e eapecifica logo apos os primsiros
epizcdics de MO nos pacientes com DENMO independerie da
presenca do anticopo anfi-A3P 4 (figura 1). Doa seis cazos
reviasdos da literaturs, em gualro foram relaisdos episcding
de newite opitica. Apenas o caso do grupo frances™ reafzou
imeatigacdo complementar com OCT e o padrao apressnta-
do fol de atrofia imporianie da camada de fibras nervosasz de
forms sasimétrica, semefhanie ao padrio de MO de DENND.
Moo encontrarnos eatudos de OCT e pacientes com HAMTSER
provaveimente devido & apresentacio oftsimologica mees comum
relacionads a0 HTLV-1 ser predominantements a uvelte & nAo a3
alieractes proprins do nervo optico. Como a sirofia da came-
da de fibras nervosas refinianas e maicr nos DEMNMO mesmo
apca comparacao com a afrofia chesensada na eacierces mlltipla
remitente-recomente * a OCT pode aer uma bos feraments parn
apudar no dinagnoaboo diferencial com a HAMTSP aguda

s dados apressntados indicam gue o HTLW-1 nao asria
um desencadeador de DENMO, uma doenca subaimune, porem
A cosxisténcia das duas doencas poderia afesar a evolucio
natural delas. piorando a sua apresentacio cinice. Moa doia
Unicos cascs que apresentaram o anticorpo anti-AGPS, eles
foram defectados em altos nivess, ultrapasaando o limite madmo
de fitdacio do metodo utilizado. Niveia elevados de anti-A0P4
eaffo associados a pior evolucio clinica e facos de surioa de
miedite e/ou MG ** Além diaso, oz pacientes apresentasam mil-
tiplas leabes deamislinizantea na substancia branca encefalica
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Figura 1
paciente com DEMNMO. A) Demonstra um exame normal B
fibras nervosas. Comparando os exames & e B, nota-se uma

mopatia, UNICAMP). C e D repre

viafa na IRM de cranic "™** Easea niveis elevados de anti-A0P4
poderiam esfar relacionades & coeatimulacio de linfocitos B
por celulaa T hiperativadas pela nfecgio pelo HTLV-1, afra-
wes do seu aumento da expresa&o de recepiores de THF-alfa,
denire cubros mecaniamos, o que levaria & maior producao de
anticorpoa derivados deasas celulas B estimuladas ™ Porem
maia estudos 350 necessancs para definr 3e a nfeccio pelo
HTLY-1 =2 fraduz em um fator de pior prognastico para DEMMO
Diante do exposto, a mislopatia azsocinda a variante aguds
da HAMTEP e aquela associagds ao anticorpo anti-AGP4 aao
entidades clinicas distntas, porem existe a poasibilidade da
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Objetivos

Objetivos gerais:

Estudar aspectos clinicos, imunolégicos e de neuroimagem por ressonancia
nuclear magnética de pacientes com Disturbios do Espectro da Neuromielite Optica
e estudar se pacientes com NMO apresentam anticorpos anti-HTLV-1, no nosso

meio.

Objetivos especificos:

1. Determinar a prevaléncia de anticorpos anti-AQP4 no soro de pacientes
acometidos pelo DENMO e pacientes infectados pelo HTLV-1, assintomaticos
ou acometido pela HAM/TSP, e controles sadios.

2. Determinar a presenca de anticorpos anti-HTLV-1 em pacientes com DENMO,
HAM/TSP e controles sadios.

3. Determinar a espessura da camada de fibras nervosas retinianas dos
pacientes com DENMO através de OCT e compara-las conforme
apresentacao clinica (NMO, MTLE e NO), tempo de doenca (5 anos ou menos
do primeiro surto ou mais de 5 anos de duracédo) e detecgdo sérica do
anticorpo anti-AQP4 (seropositivo ou seronegativo).

4. Determinar a presenca de alteragdes estruturais da substancia cinzenta e
substancia branca cerebral através das analises das imagens encefélicas dos
pacientes com DENMO por VBM, Freesurfer e TBSS, e compara-las conforme

apresentacao clinica (NMO, MTLE e NO), tempo de doenca (5 anos ou menos
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do primeiro surto ou mais de 5 anos de duracdo) e deteccado sérica do
anticorpo anti-AQP4 (seropositivo ou seronegativo).

Correlacionar o grau de atrofia da camada de fibras nervosas retiniana com a
espessura do cértex visual pericalcarino e a escala clinica EDSS a fim de
verificar se os fatores apresentacao clinica, tempo e presenca da anti-AQP4
teriam valor como fator de mal prognaéstico e indicariam degeneragéo neuronal

retrograda e/ou anterégrada.
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Capitulo 1

Artigo publicado em 10 de julho 2012 na revista PLoS ONE.
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Aquaporin-4 Antibodies Are Not Related to HTLV-1
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Abstract

Introduction: The seroprevalence of human T-cell leukemia virus type 1 (HTLV-1) is very high among Brazilians (—1:200).
HTLV-1 associated myelopathy or tropical spastic paraparesis (HAM/TSP) is the most common neurological complication of
HTLV-1 infection. HAM/TSP can present with an acute/subacute form of longitudinally extensive myelitis, which can be
confused with lesions seen in aquaporin-4 antibody (AQP4-Ab) positive neuromyelitis optica spectrum disorders (NMOSD)
on MRIL. Moreover, clinical attacks in patients with NMOSD have been shown to be preceded by viral infections in around
30% of cases.

Objective: To evaluate the frequency of AQP4-Ab in patients with HAM/TSP. To evaluate the frequency of HTLV-1 infection
in patients with NMOSD.

Patients and Methods: 23 Brazilian patients with HAM/TSP, 20 asymptomatic HTLV-1+ serostatus patients, and 34 with
NMOSD were tested for AQP4-Ab using a standardized recombinant cell based assay. In addition, all patients were tested for
HTLV-1 by ELISA and Western blotting.

Results: 20/34 NMOSD patients were positive for AQP4-Ab but none of the HAM/TSP patients and none of the
asymptomatic HTLV-1 infected individuals. Conversely, all AQP4-Ab-positive NMOSD patients were negative for HTLV-1
antibodies. One patient with HAM/TSP developed optic neuritis in addition to subacute LETM; this patient was AQP4-Ab
negative as well. Patients were found to be predominantly female and of African descent both in the NMOSD and in the
HAM/TSP group; Osame scale and expanded disability status scale scores did not differ significantly between the two
groups.

Conclusions: Our results argue both against a role of antibodies to AQP4 in the pathogenesis of HAM/TSP and against an
association between HTLV-1 infection and the development of AQP4-Ab. Moreover, the absence of HTLV-1 in all patients
with NMOSD suggests that HTLV-1 is not a common trigger of acute attacks in patients with AQP4-Ab positive NMOSD in
populations with high HTLV-1 seroprevalence.
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Introduction

Neuromyelitis optica (NMO) is an inflammatory disease of the
central nervous system (CNS) of putative autoimmune aetiology,
which is characterized by severe attacks of myelitis and optic
neuritis (ON) [1,2]. In 60-80% of cases, NMO is associated with
antibodies to aquaporin-4 (AQP4-Ab), the most abundant water
channel in the CNS [3-4]. AQP4-Ab are also detectable in around

@ PLoS ONE | www plosone.org

60% of patients with isolated longitudinally extensive transverse
myelitis (LETM) [5] and in 5-25% of patients with recurrent,
isolated ON [6-8], which are therefore considered fomnes frustes of
NMO. NMO, LETM, and ON are often referred to as ‘'NMO
spectrum disorders’ (NMOSD) [9].

It is estimated that 15 to 20 million individuals are infected with
the human T-cell leukemia virus type 1 (HTLV-1) worldwide [10].
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HTLV-1 infection remains asymptomatic in the vast majority of
cases, yet less than 5% of affected individuals will develop two
major diseases: adult T-cell leukaemia/lymphoma (ATL) and
HTLV-1 associated myelopathy or tropical spastic paraparesis
HAM/TSP) [l]] While HAM/TSP's pathogenesis is not fully
understood, it is thought to be related to a high HTLV-1 prn»lrus
burden and an exaggerated proinflammatory cellular immune
response, leading to a chronic extensive myelitis [12]. Some case
reports have described an acute variant of HAM/TSP, charac-
terized by longitudinally extensive transverse myelitis (LETM) on
magnetic resonance imaging (MRI), a key feature of neuromyelitis
optica (NMO), which may or may not be associated with ON [13—
16].

]There are few population-based epidemiological stmdies of
NMOSD, but it seems that the disease is more prevalent in peoples
of Asian, African-American or Hispanic background when
compared with those of Northern European descent [17-19].
Accordingly, the proportion of NMOSD patients among all
patients with CNS demyelinating disorders is high in Brazil [20].
At the same time, Brazil is among the countries with the highest
prevalence of HTLV-1 infected individuals [12.21]. Moreover,
both among patients with AQP4-Ab positive NMOSD and among
patients with HAM/TSP an afrodescendant predilection was
reported [12,22-24].

As testing for aquaporin-4 antibodies (AQP4-Ab) became
available only few years ago, cases of AQP4-Ab positive LETM
occurring in the context of HTLV-1 seropositivity might thus have
been misdiagnosed as acute HAM/TSP in a subset of patients in
the past. Furthermore, AQP4-Ab positive NMO was shown to be
frequently preceded by viral or bacterial infections and HTLV-1
infection may act as a trigger of NMO in some cases [1-2].

This study aimed to determine the seroprevalence of antibodies
to AQP4 in patients with HTLV-1 associated myelopathy (HAM/
TSP) and that of HTLV-1 antibodies in patients with neuromy-
elitis optica spectrum disorders (NMOSD) and to compare the
clinical characteristics of a HAM/ TSP and NMOSD in Brazilian

patients.

Patients and Methods

Patients

This is a cross-sectional study that included along with regular
visits NMOSD patients who were followed-up at the neurological
outpatient unit of the University of Campinas (UNICAMP)
Hospital as well as HTLV-1 seropositive asymptomatic and
HAMY/TSP patients attending the outpatient clinic at the Emilio
Ribas State Reference Institute of Infections Diseases and at the
UNICAMP Hospital, Sao Paulo, Brazil, during the period of
January 2011 to January 2012,

At each appointment, demographic and clinical data were
collected and the neurological statuses were evaluated by different
scales, including the EDSS [25] and Osame scales [26]. We
excluded from the study other causes of transverse myelitis,
clinically and radiologically, such as spinal cord compression,
infectious myelopathy, including parasitic etiology (e.g. Schistosoma
mansoni, which is endemic in northeast Brazil) [27], spinal cord
ischemia or bleeding, vitamin B12 and folate deficiency, among
others. We also excluded patients co-infected with hepatitis C virus
(HCV), hepatitis B virus (HBV), human immunodeficiency virus
types 1 and 2 (HIV-1/2) and HTLV type 2 in the HTLV-I1
seropositive group. We decided to exclude these potentially
confounding factors, because these viruses co-infection could
interact and transactivate each other, thus altering the clinical
presentation of the myelopathy. Moreover, HIV itself may cause

@ PLoS ONE | www.plosone.org
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vacuolar myelopathy, which shares some neurological traits with
HAM/TSP and could turn it difficult to determine which virus
was causing the clinical myelopathy [28].

Peripheral blood samples were collected from patients diag-
nosed with HAM/TSP as defined by World Health Organization
(WHO) criteria [29], from asymptomatic individuals with positive
HTLV-1 serostatus, from patients diagnosed with NMO spectrum
disorders (NMOSD) [30], and from healthy controls HC)
(Table 1). NMO was diagnosed according to Wingerchuk’s revised
2006 criteria without the need for positive AQP4-Ab testing.
LETM was defined as acute myelitis with spmal cord lesions
extending over three or more vertebral segments on magnetic
resonance imaging; the median time between onset of transverse
myelitis symptoms and spinal MRI in the LETM group was 7 days
(range, 525 days). ON was defined as the occurrence of at least
two episodes of clinical optic neuritis, with an interval of more
than 30 days between them, and of no brain lesions outside the
optic nerves.

Ethics Statement

UNICAMP and Emilio Ribas Institute of Infectious Diseases
Ethics Committees for Rescarch approved the study and all
patients provided informed written consent. On the behalf of the
minors/children participants involved in our study, we obtained
informed written consent from one of their parents.

Methods

We tested all peripheral blood samples for AQP4-Ab in a
standardized cell based immunofluorescence assay (Figure 1)
employing recombinant human AQP4 (Euroimmun AG, Ger-
many) [31] at the Neuroimmunology Laboratory of the University
of Campinas and for HTLV-1 in a commercial enzyme
immunosorbent assay (ELISA) kit (HTLV-1/II ELISA 4.0, MP
Diagnostics, Germany). When a serum sample tested positive, it
was confirmed by a Western blot (WB) assay (HTLVblot 2.4, MP
Diagnostics, Germany) at the Laboratory of Retrovirology of
Emilio Ribas Institute of Infectious Diseases. Data were analyzed
using GraphPad Prism 5. Statistical significance of differences was
determined by Chi-square or Fisher's exact test for binominal
outcomes and by ANOVAs without assuming Gaussian distribu-
tion (Kruskal-Wallis test) and subsequent multiple
comparison tests. Differences were considered statically significant
with p values <0.05.

Dunn’s

Results

Detection of AQP4-Ab in Serum of Patients with NMOSD,
HAM/TSP and Healthy Control

Serum AQP4-Ab were detected in 20 out of 34 (59%) patients
in the NMOSD group, which included patients with NMO
(positive in 14/17 cases) and patients with syndromes considered
to confer a high risk for conversion to NMO (recurrent ON or
LETM: positive in 6/17 cases) (see Table 1 for details), but in none
of the patients previously diagnosed with HAM/TSP (n=23), in
none of the patients with positive HTLV-1 serostatus but no
neurological symptoms at the time of presentation (n = 20), and in
none of the HCs (n=23) (p=<<0.0001; Chi-square test). Moreover,
while all patients previously diagnosed with HAM/TSP were
positive for HTLV-1 antibodies, as detected by ELISA and
confirmed by WB assay, all patents with NMOSD were negative.

During the study, we excluded two asymptomatic patients that
turned out to be infected with HTLV type 2 after WB test and
three HAM/TSP patients that were co-infected with HCV and/or
HIV1/2. All of them tested negative for serum AQP4-Ab.
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Clinical Characteristics and Comparison of the Study
Population

The demographic and baselne clinical characteristics of the
study population are shown in Table 1. Most patients of the
HAM/TSP group had progressive lower limb weakness and
muscle spasticity, sensory disturbances, dorsal pain, neurogenic
bladder, and bowel and sexual dysfunction. The patients with
NMOSD usually presented severe attacks of ON, with poor
recovery leading to low vision, with no or only light perception in
one or both eyes, and/or myelitis with severe motor disability and
deep sense and sphincters disturbance. Pain was also frequent,
occurring in 8 out of 11 (73%) in the LETM group and in 12 out
of 17 (71%) in the NMO group, and usually affected one or more
areas of the chest, waist, legs, and back.

One patient developed an atypical form of HAM/TSP with
relapsing subacute LETM and ON. HTLV-1 antibodies were
detectable in serum and in the cerebrospinal fluid (CSF) of this
patient by western blot analysis; by contrast, serum AQP4-Ab
were negative. Moreover, i wio culture of T-cells from this
patient’s peripheral blood mononuclear cells (PBMC) revealed an
elevated spontaneous proliferative response when compared with a
healthy control. After cells were cultured for 48h and pulsed with
thymidine during 18h, the proliferative response were determi-
nated by the mean incorporation of thymidine in DNA, and
indicated as counts per minute (cpm). This spontancous prolifer-
ation of PBMC in vitro is an immunopathologic characteristic of
HTLV-14nfected individuals, driven by the HTLV-I-encoded
TAX protein and indicate the exaggerated proinflammatory
cellular immune response [12,32].

In the NMOSD group, no difference regarding gender was
found between AQP4-Ab positive and negative patients (p = (.23,
Fisher’s exact test). 15 out 32 (47%) patients self-reported their
ethic origin as afrodescendant in the NMOSD group, 9 out of 17
(53 %) in the HAM/TSP group, and 7 out 15 (47%) in the HTLV-
I+ group.

Regarding the median degree of disability, as measured by
Osame scale (p=0.47) and EDSS (p=0.52), there were no
statistically significant  differences between the three groups
(Figure 2). An Osame scale score = =4 (unilateral walking aid
needed) was found in 80% of the HAM/TSP patients, in 47% of
the NMO patients, and in 54% of the LETM patients. An EDSS
score =6.5 (constant bilateral assistance needed to walk at least 20
meters without resting) had 60% of the HAM/TSP patients, 41%
of the NMO patients, and 45% of the LETM patients.

Discussion

Ouwr findings are relevant not only from a diagnostic but also
from a pathophysiological point of view. HTLV-1 infection is
highly prevalent among Brazilians, and patients with HAM/TSP
can present with an acute/subacute form of longitudinally
extensive myelitis, which can be confused with LETM lesions
seen in NMOSD on MRIL Our results argue both against a role of
antibodies to AQP4 in the pathogenesis of HAM/TSP and against
an association between HTLV-1 infection and the development of
AQP4-Ab. Moreover, the fact that antibodies to HTLV-1 were
absent in all patients with NMOSD suggests that HTLV-1 is not a
common trigger of acute attacks in patients with AQP4-Ab
positive NMOSD, a disorder in which relapses are often preceded
by infection, in populations with high HTLV-1 seroprevalence.

NMOSD and HAM/TSP are both highly prevalentinsome global
areas. In Japan and in Martinique, for example, NMOSD accounts
for around 40% and 17.3% of cases of CN'S demyelinating diseases,
respectively, and these areas also feature a high prevalence of HTLV-
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Figure 1. Cell based assay. Antibodies to aquaporin-4 (AQP4) as detected by binding of patient IgG to HEK293 cells transfected with human full
length AQP4 (left column) but not to non-transfected control HEK293 cells (right column). 1A and B: Positive AQP4-Ab test in a patient with NMO
according to Wingerchuk's 2006 criteria [29]. 2A and B: Negative AQP4-Ab test in a patient with HAM/TSP as defined by World Health Organization
criteria [28].

doi:10.1371/journal.pone.0039372.g001
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Figure 2. Disease duration and disability. (A and B) Disability scores as measured by the Osame scale (p=0.52, Kruskal Wallis Test) and by the
EDSS scores (p=0.35, Kruskal Wallis Test) did not differ significantly between patients with established NMO, non-HTLV-1-associated LETM, and HAM/
TSP. (C) The fact that the median Osame and EDSS scores did not differ between LETM and the other groups despite shorter disease duration in the
LETM group reflects the rapid accumulation of disability in NMOSD as described before (p<0.0001, Kruskal Wallis Test. Dunn’s multiple comparison
test did not demonstrate significant difference between NMO vs. HAM/TSP groups) [1,2].

doi:10.1371/journal.pone.0039372.g002
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1 mfection [12,18,19]. In Brazil, around 30% of patients with CNS
demyelinating diseases present with optic spinal symptoms and
around 12 % with strict NMO [20]. The seroprevalence of HTLV-1
has been reported to be 0.45% among volunteer blood-donors in
Brazil in a nationwide survey [21]. Epidemiological studies indicate
that NMOSD more commonly affects patients of non-Caucasian
background [17]. as do HTLV-1 infection. Similarly, a higher
proportion of afrodescendants and Asians than Cancasians hasbeen
found among Brazilian HTLV-1 patients [22]; the latter facthasheen
discussed to reflect the African originof HTLV-1, which is thought to
be derived from primate T-lymphotropic virus (PTLV) and later
spreading with the old population’s migratory pathway [12].
Accordingly, we found a high proportion of individuals with
afrodescendant both in the NMOSD and in the HAM/TSP group
in our study.

Regarding the patients’ epidemiological data, we found an older
median age at onsct in the HAM/TSP group compared to the
NMOSD group in accordance with the literature, possibly
reflecting the long latency of HTLV-1 infection [9,29]. A female
preponderance was found in all groups. While the higher
proportion of females in the HAM/TSP group can be explained
by the higher sexual transmission efficiency from men to women
than from women to men [33], that observed in the NMOSD
group is in line with the putative autoimmune actiology of this
disorder; female preponderance is a common characteristic of
many autoimmune diseases [34].

The relatve high EDSS and Osame scores in the NMOSD
group as compared to the HAM/TSP group despite a shorter
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disease duration reflects the attack severity in NMOSD with
poor recovery [1,2], which is in contrast with the mostly
progressive course of disease in HAM/TSP. The frequency and
distribution of pain symptoms in the NMOSD group is in line
with the literature [2,35]. The relatively low frequency of CSF
oligoclonal bands (29%) in our NMOSD patients is also in
accordance with previous studies, which consistently demon-
strated a lower frequency of CSF OCB when compared to
multiple sclerosis patients [1,36,37].

In conclusion, our findings indicate that misdiagnosis of
NMOSD as HAM/TSP is rare and support the view that LETM
associated to either HAM/TSP or NMO are distinct disorders,
which are likely to be pathogenetically unrelated.
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Abstract:

Although AQP4 is widely expressed in the human brain cortex, brain lesions are rare in
neuromyelitis optica (NMO). Recently, however, several studies have demonstrated occult
structural brain atrophy in NMO. Objectives: To investigate magnetic resonance imaging
(MRI]) patterns of gray matter (GM) and white matter (WM) abnormalities in patients with
NMO and its incomplete forms, isolated longitudinally extensive transverse myelitis and optic
neuritis, and to assess the prognostic impact of GM and WM abnormalities in these
conditions. Methods: Thirty-four patients with NMO spectrum disorders (NMOSD) and 34
matched healthy controls underwent both 3T high-resolution T1-weighted and diffusion tensor
MRI. Voxel-based morphometry (SPM8/MATLAB2012b), cortical analyses (Freesurfer), and
diffusion tensor imaging analyses (TBSS-FSL) were used to investigate brain abnormalities.
In addition, retinal nerve fiber layer measurement by optic coherence tomography (OCT) was
performed. Results: We demonstrate that NMOSD is associated with GM and WM atrophy,
that this atrophy encompasses more than the motor, sensory, and visual pathways, that it is
more widespread in patients with NMO and LETM than in patients with ON, that the extent of
GM atrophy correlates with disease duration, and that GM/WM atrophy in NMOSD is more
pronounced in AQP4 antibody-seropositive than in -seronegative patients. Furthermore, we
demonstrate for the first time a correlation between RNFL atrophy and GM atrophy in the
occipital lobes as assessed by OCT. Conclusion: Our findings indicate a role for retrograde
degeneration in GM atrophy in NMOSD and suggest that the extent of brain GM/WM atrophy

may be of prognostic relevance in NMOSD.
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Introduction

Neuromyelitis optica (NMO) is an inflammatory relapsing disease of the central nervous
system (CNS) of putative autoimmune etiology which is characterized by severe attacks of
myelitis and optic neuritis (ON)'%. In 60-80% of cases, NMO is associated with antibodies to
aquaporin-4 (AQP4ab), the most abundant water channel in the CNS, and its presence is
related to a relapsing and often worse disease course”®. AQP4ab are also detectable in around
60% of patients with isolated longitudinally extensive transverse myelitis (LETM)’ and in 5-

25% of patients with recurrent, isolated ON®8?

, which are therefore considered formes frustes
of NMO".

Although AQP4 is also expressed widely in the human brain cortex'!, beyond the
common sites of lesions in NMO, recent studies have found no MRI or histopathological

11,12

evidence for cortical demyelination " ~. However, two independent neuroimaging studies

demonstrated occult structural brain atrophy, predominantly involving regions connected with
sensorimotor and visual systemslz’13 .

Without signs of cortical demyelination or global atrophy, it was suggested that this
focal cortical atrophy could be related to retrograde degeneration, triggered by lesions of the
optic nerve and spinal cord'"™™, Similarly, optical coherence tomography (OCT) studies have
demonstrated a severe reduction in the thickness of the retinal nerve fiber layer (RNFL) in
NMO, as a consequence of Wallerian degeneration following ON">"',

In this study, we used high-field MRI (3T) and applied a multiparametric
neuroimaging approach to investigate the presence and extent of both gray matter (GM) and
white matter (WM) abnormalities in patients with NMO spectrum disorders (NMOSD).

Intrigued by the clear distinction of neurological manifestation between subgroups, we

searched for differences in the pattern of abnormalities between the incomplete or inaugural
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forms of NMO (LETM and ON) and established NMO. In addition, we explored possible
associations between clinical and laboratory factors of known prognostic impact (AQP4ab

seropositivity, RNFL atrophy, and disease duration) and the extent of GM/WM abnormalities.

Patients and Methods

Patients

This was a single-center, cross-sectional study including 34 consecutive patients [15 with
NMO, 10 with LETM, and 9 with relapsing ON (rON)] and 34 healthy individuals matched
for sex and age. Patients were stratified according to AQP4ab serostatus (19 seropositive, 15
seronegative patients) and disease duration [short duration (< 5 years): 22 patients; longer
duration (> 5 years): 12 patients]. NMO and patients with syndromes considered to carry a
high risk of conversion to NMO (AQP4ab seropositive ON; LETM) were classified as
NMOSD'™. All patients were recruited during regular follow-up visits at the neurological
outpatient unit of the University of Campinas (UNICAMP) Hospital, Sao Paulo, Brazil,
between January 2011 and October 2012.

UNICAMP Ethics Committees for Research approved the study, and informed written
consent was obtained for all patients. For minors, consent was provided by their parents.

All patients were seronegative for anti-HIV and anti-HTLV1/2 antibodies'®. All 19
AQP4ab-seropositive NMOSD patients were treated with immunosuppressive drugs (e.g.
azathioprine, methotrexate, or rituximab). In the AQP4ab-seronegative subgroup, two patients
with LETM and three with ON were not treated with immunosuppressive drugs, because of a
long relapse-free period and no sign of inflammatory activity during the study. All OCT scans
were performed more than 3 months after the most recent episode of ON to ensure that the

results were not affected by acute optic disk swelling.
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NMO was diagnosed according to Wingerchuk’s revised 2006 criteria without the need
for positive AQP4ab testingzo. LETM was defined as acute myelitis with spinal cord lesions
extending over three or more vertebral segments on MRI; rON as the occurrence of at least
two episodes of clinical ON, with an interval of at least 30 days between them, and absence of
brain lesions outside the optic nerves>’. The rON patients with seronegative AQP4ab were
studied as a separate group due to the low risk of conversion to NMO.

The expanded disability status scale (EDSS) was used as a measure of disease severity.
In addition, serum samples were collected and both MRI acquisitions and OCT analysis were

performed for each patient.

Methods

AQP4ab testing. We tested all peripheral blood samples for AQP4ab in a commercial,
standardized cell-based immunofluorescence assay employing recombinant human full-length

AQP4 (Euroimmun AG, Luebeck, Germany)*' at the UNICAMP Neuroimmunology

Laboratory.

Optical coherence tomography. All patients were scanned using the commercially available
SOCT Spectralis OCT™ (Heidelberg Engineering, Heidelberg, Germany). The Spectralis
software version was 5.0. This instrument uses a wavelength of 820nm in the near-infrared
spectrum in the SLO mode. The light source of the SOCT is a superluminescent diode with a
wavelength of 870nm. The OCT system simultaneously captures infrared fundus and spectral
domain (SD) OCT images at 40,000 A-scans per second. A real-time eye-tracking system
measures eye movements and provides feedback to the scanning mechanism, to stabilize the

retinal position of the B-scan. This system thus enables sweep-verging at each B-scan location
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to reduce speckle noise. The average number of scans to produce each circular B scan was
nine. The RNFL Spectralis protocol generates a map showing the average thickness and six
sector thicknesses (supero-nasal, nasal, infero-nasal, infero-temporal, temporal, and supero-

temporal) in the clockwise direction for the right eye and counterclockwise for the left eye.

Magnetic resonance imaging. All patients and controls underwent MRI on a Phillips
Achieva-Intera 3-T scanner at UNICAMP hospital. T1- and T2-weighted images were
acquired in axial, coronal, and sagittal planes with thin cuts. All patients underwent a
comprehensive MRI protocol for demyelinating disease (see details on supplementary
material) which was evaluated by a certified radiologist (FHRvG). We also obtained two
specific sequences that were later employed for voxel-based morphometry (VBM) and

diffusion tensor imaging (DTI) analyses, respectively (see details on supplementary material).

VBM protocol and analysis. We used VBMS (http://dbm.neuro.uni-jena.de/vbm) SPM8

(http://www fil.ion.ucl.ac.uk/spm) running on MATLAB-R2012b to extract GM and WM
maps from each subject and to perform statistical comparisons among different groups and
controls. Regarding spatial normalization, we also applied a more sophisticated registration
model (the DARTEL algorithm) that substantially reduces the imprecision of intersubject
registration®”. Processed images of patients and controls were compared using a voxelwise
statistical analysis®. We exclusively reported clusters that survived an uncorrected threshold
of p<0.001 with at least 30 contiguous voxels and a minimum statistical T=3.4. The results
were not corrected for multiple comparisons due to the exploratory nature of this study. In
order to display the results and pinpoint their anatomical location we used an additional SPM

extension, XJVIEW (http://www.alivelearn.net/xjview) (see details on supplementary

material).
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DTI analyses. We processed the diffusion data with FSL software V.4.1.4*, starting with
FMRIB’s Diffusion Toolbox (FDT) to perform head motion and eddy current correction,
followed by Brain Extraction Tool® to extract non-brain voxels and create a brain mask.
Fractional anisotropy (FA) maps in the subject native space were then obtained by fitting a

tensor model to the raw diffusion data with DTIFIT.

Comparison of groups was then carried out with tract-based spatial statistics (TBSS), also part
of the FSL software V.4.1.4%°, which involves some pre-processing steps before the final
analyses. The voxelwise statistics employed a permutation test (n=5000) using the “program
randomize” segment of FSL. The statistically significant voxels were identified with
threshold-free cluster enhancement (TFCE) applying familywise error correction threshold
(FWE) for multiple comparisons with the threshold of p<0.05. We used the Johns Hopkins
WM DTlI-based atlas within the FSL, localizing the areas with FA reduction resulting from
statistical analyses (see details on supplementary material).

Cortical analyses. We used an automated brain segmentation software, Freesurfer image

analysis suite v5.1.0 (http://surfer.nmr.mgh.harvard.edu), to obtain cortical thickness

measurements and volumetric segmentation in groups of patients compared to paired
controls*’. Univariate correlations between continuous variables were assessed using the
Pearson correlation coefficient and those including discrete variables with the Spearman rank
correlation coefficient (r). Data were analyzed using GraphPad Prism 5. The statistical
significance of differences was determined by Unpaired T Test with Welch's correction and
by ANOV As without assuming Gaussian distribution (Kruskal-Wallis test) and subsequent
Dunn’s multiple comparison tests. Differences with p values <0.05 were considered

statistically significant.
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Results
Demographic, clinical, and serological characteristics of the patients are given in Table 1.

There was a female preponderance in all groups, which is accordance with published data on
the epidemiology of NMOSD'*®. The LETM group had shorter disease duration (1 year)
than the others groups. Patients with AQP4ab-seropositive status and longer disease duration
presented more relapses and worse EDSS scores than those with AQP4ab-seronegative status
and shorter disease duration. As in previous studies"?’, cerebrospinal fluid (CSF)-restricted
IgG oligoclonal bands were detected in only few patients, with no significant difference

regarding AQP4ab serostatus or disease duration (Table 1).
RNFL atrophy

OCT could not be performed in two patients in whom visual acuity was bilaterally reduced to
perception of light. The overall average thickness and the thickness in almost all of the six
sectors (supero-nasal, nasal, infero-nasal, infero-temporal, temporal, and supero-temporal)
were significantly lower in both the NMO and the ON group than in the LETM group (Table
1 and Figure 1). Longer disease duration was associated with more severe RNFL atrophy
than shorter duration. Overall average RNFL thickness did not differ between AQP4ab-
positive and AQP4ab-negative patients; however, AQP4ab-positive patients presented more
atrophy in the temporal RNFL sector (mean + standard deviation: 43.24 + 19.76um vs. 53.93
+ 20.88um, p=0.0445) and a tendency to more atrophy in the supero-nasal (p=0.0639) and

infero-nasal sectors (p=0.0724) (Table 1).

RNFL atrophy correlates with pericalcarine cortical thickness and EDSS score
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To study the impact of RNFL atrophy in the visual system pathway we correlated the overall
average RNFL from both eyes with the cortical thickness of the pericalcarine bilateral GM
area. As both eyes of a given patient are at the same risk of relapse, and because subclinical
episodes of ON may cause a small amount of retinal damage to the contralateral eye'®, we
analyzed the mean of the bilateral RNFL of each patient. We found a positive correlation
between RNFL thinning and cortical pericalcarine atrophy (7= 0.5299, = 0.2451, p= 0.0031).
We also observed a negative correlation between EDSS score and RNFL thinning (r=-0.5057,

= 0.2166, p= 0.0099) (Figure 1).

GM results

VBM analysis revealed significant GM volumetric reduction in some areas of the frontal,
parietal, temporal, occipital, and limbic lobes and in the cerebellum in the NMOSD group and
in the NMO and LETM subgroups compared to sex- and age-matched controls. The ON group
showed atrophy restricted to the occipital lobe. Patients with longer duration of disease and
those in the AQP4ab-positive group presented both larger and more abundant clusters (Figure
2, Supplementary Table 1).

To confirm these findings, we performed cortical thickness analyses (Tables 2,
Supplementary Figure 1). These analyses revealed a more widespread pattern of cortical
atrophy in the NMOSD group and in the NMO and LETM subgroups than in paired ON and
controls, encompassing areas of the frontal, parietal, temporal, occipital, and limbic lobes and
cerebellar cortex volume. However, cortical thinning in patients with ON was restricted
principally to the visual pathways. With regard to AQ4ab serostatus and disease duration,
direct comparison of both AQP4ab-positive vs. AQP4ab-negative groups and shorter duration

vs. longer duration of disease showed no significant differences. When we compared each of

69



these four groups with normal controls, however, we detected significant cortical thinning
encompassing areas of the frontal, parietal, occipital, and limbic lobes in all groups. The group
with longer disease duration showed more areas of cortical thinning than the shorter duration
group. AQP4-positive and AQP4-negative groups showed no difference regarding the number
of areas affected (Table 2, Supplementary Figure 1).

WM results

VBM identified several areas of WM volumetric reduction in areas of the brainstem,
cerebellum, optic chiasm, and frontal, parietal, temporal, occipital, and limbic lobes in the
NMOSD group and in the NMO and LETM subgroups compared to matched controls. The
ON group demonstrated WM volumetric reduction restricted to the visual pathways . Patients
with AQP4ab-positive serostatus showed more widespread WM atrophy (Figure 2,

Supplementary Table 1).

TBSS analysis performed to confirm the VBM findings revealed reduced FA involving
diffuse subcortical white matter of the frontal, parietal, temporal, occipital, and limbic lobes,
brainstem, and cerebellum in the NMOSD, NMO, and LETM subgroups. We detected a more
restricted pattern of FA reduction in the ON group, encompassing exclusively the visual
pathways. Patients with AQP4ab-positive serostatus demonstrated more widespread WM
microstructural abnormalities than AQP4ab-negative patients (Figure 3, Supplementary

Table 2).

Discussion

We have demonstrated (i) that NMOSD is associated with both GM and WM atrophy; (i1) that

this atrophy is not restricted to the motor, sensory, and visual pathways; (iii) that the extent of
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GM atrophy correlates with disease duration; and (iv) that GM and WM atrophy in NMOSD
are more pronounced in AQP4ab-seropositive than in AQP4ab-seronegative patients.
Furthermore, we have shown for the first time a correlation between RNFL atrophy and GM

atrophy in the occipital lobes as assessed by OCT.
Correlation of RNFL atrophy with pericalcarine cortical thickness and EDSS score

We found severe RNFL reduction in the NMO group in almost all retinal areas studied; in
contrast, the atrophy affects mainly the temporal RNFL in multiple sclerosis (MS)'*'® These
findings provide further evidence for the notion that NMO and MS are distinct disease

entities.

The marked reduction in the thickness of the RNFL following ON observed by us and
others, which has been shown to be directly related to loss of retinal ganglion cell axons and

optic nerve altrophyl("18

, matches clinical studies demonstrating more severe visual disability
in NMO than in MS'®, Merle et al. described an average time to blindness of just 2 years in the
first eye and 13 years in the second eye30. Another study found that 18% of patients were

functionally blind at last follow-up after a median disease duration of approximately 6 years”".

As both eyes of any given patient are at the same risk of relapse attack, and because
subclinical episodes of ON may cause a small amount of retinal damage to the contralateral
eye'®, we analyzed the mean bilateral RNFL from each patient. By contrast, previous studies

had analyzed only the eye previously affected by ON'"'®

or the left and the right eyes of each
group separately'®. This approach also permitted the correlation of RNFL with the mean

occipital cortical thickness, as both sides receive input from both eyes, meaning that a

unilateral optic nerve lesion could affect both sides of the visual pathway. In accordance with
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the notion that ON attacks in NMOSD are more destructive and bear greater potential for
causing visual disability than in MS, we detected a correlation between disability, as measured
by EDSS score, and RNFL thickness, corroborating results from a previous study whose
authors hypothesized that this finding could be related to widespread axonal damage in the

1
central nervous system'®.

Our results revealed that more severe atrophy of cortical thickness and RNFL was
associated with both AQP4ab seropositivity and longer disease duration in NMOSD. Initially,
we hypothesized that this finding could be related to the fact that the group with shorter
disease duration included all the patients with LETM, but even after removal of these patients
from the analysis the difference remained statistically significant (65.77 + 29.57um vs. 49.91

+29.59um; p=0.0326).
WM and GM atrophy

WM atrophy was assessed by VBM, that provide a macroscopic map of atrophy and TBSS,
that enable the identification of microstructural damage, therefore essentially complementary
tools. We demonstrated restricted WM lesions encompassing the optic radiations in the ON
group, while a more diffuse pattern was detected in the NMOSD and NMO groups. Even the
LETM group, despite the shorter disease duration, demonstrated more widespread WM
microstructural lesions than the ON and control groups as assessed by TBSS. AQP4ab-
positive serostatus was related to more abnormalities, suggesting a pathogenic role for this

antibody.

The cerebral cortex presented more focal areas of GM atrophy throughout the lobes in

patients with NMO and LETM (Figure 2, Supplementary Tables 1 and 2), while patients
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with isolated ON presented a more restricted pattern of cortical thinning limited mainly to the
occipital lobes, arguing against major subclinical damage to the spinal cord in these patients.
In contrast, no OCT abnormalities were present in the LETM group, suggesting that there was
no subclinical optic nerve damage in these patients. Furthermore, we demonstrated GM
volumetric reduction and cortical thinning in AQP4ab-seronegative and -seropositive patients
but a more severe pattern in the seropositive ones, in accordance with the worse clinical
evolution in these patients. Thus, the pattern of GM/WM atrophy observed in our patients
with NMOSD is different from the pattern seen in patients with classical MS, which is
characterized by extensive, diffuse cortical demyelination associated with global and more

12,32
severe GM atrophy, as well as neuronal loss'**%.

In accordance with two previous studies, our results revealed mild thinning in cortical
areas (postcentral, precentral, and calcarine gyri) that are connected to the motor, sensory, and
visual pathways as well as correlation with both disease duration and disability'**>. However,
the cause of cortical atrophy in NMO is still not fully understood. Despite the fact that
AQP4ab is widely expressed in the brain cortex, a neuropathological study of 19 autopsied
patients disclosed signs of neither cerebral cortical demyelination nor disruption of the cortical
distribution of AQP4', but rather revealed prominent astrogliosis, mostly involving
interlaminar astrocytes. This would suggest that the GM/WM changes are somewhat related to
retrograde degeneration of neurons after axonal transection in the spinal cord, optic nerves,
and/or WM. The authors speculated that the absence of cortical inflammation in their study
might have been due to specific characteristics of parenchymal organization of the brain
cortex, such as blood—brain barrier permeability or astrocytic and microglial disposition".

Extending these previous findings, we demonstrate that RNFL atrophy is particularly
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correlated with pericalcarine cortex thinning, which strongly suggests axonal damage and

Wallerian degeneration across the visual pathway (Figure 1).

Nevertheless, a contribution of additional inflammatory damage to GM atrophy cannot
be fully ruled out. In fact, a recent study demonstrated loss of AQP4 and glial fibrillary acidic
protein in the WM of the temporal lobe associated with loss of AQP4 in the adjacent GM in a
single AQP4ab-positive patient **, and an earlier MRI study detected decreased magnetization
transfer ratio (MTR) and increased mean diffusivity (MD) in the GM of patients with NMO,
possibly indicating GM tissue damage”. Moreover, our results revealed that some areas of
mild GM atrophy are present in almost all cerebral lobes, extending over the previously
described areas associated with motor, sensory, and visual pathways (Table 2,

Supplementary Figure 1, Supplementary Tables 1 and 2).

Importantly, both the localized pattern of GM/WM atrophy and the global retinal
RNFL reduction, which are atypical for MS, were present not only in the AQP4ab-
seropositive but also in the AQP4ab-seronegative group. This further supports the notion that
seronegative NMO is not simply a special manifestation of MS, as already suggested by

clinical, CSF, and spinal MRI data®'’.

The relatively small number of individuals tested (n=68) is a potential limitation of our
study. Nevertheless, NMO is a very rare disease and large-scale studies are therefore generally
difficult to perform. To overcome the limitations of using a single imaging method, we used
high-field MRI (3T) and applied different methods to evaluate both GM and WM
abnormalities, including VBM (with the DARTEL algorithm), Freesurfer, and TBSS, three

validated and unbiased methods.

74



In conclusion, the finding of a restricted pattern of cortical atrophy in ON and more
widespread atrophy in both NMO and LETM suggests a possible involvement of retrograde
degeneration in the mechanism of GM atrophy, a hypothesis supported by the fact that
neuropathological studies did not identify cortical demyelination in most patients with NMO,
despite wide distribution of APQ4 in the cerebral cortex. A more severe pattern of GM and
WM abnormalities in AQP4ab-positive patients was expected, as these patients present more
severe disease. The mechanisms that protect cortical AQP4 against antibody-dependent

cytotoxicity remain to be elucidated.
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Table legends
Table 1. Demographic, baseline clinical characteristics and OCT analysis of the RNFL by

clinical presentations, AQP4ab serostatus, and disease duration.

Table 2. Brain structures volumetric reduction and areas of cortical thinning (mean left and
right hemispheres) in NMOSD patients, comparing its clinical presentations, AQP4ab

serostatus and length of disease duration to normal controls.

Figure legends

Figure 1. Retinal nerve fiber layer atrophy associated with EDSS score and pericalcarine
cortical thinning. (A) An example of OCT analysis: the affected left eye of a NMO patient.
Note the RNFL thinning in all sectors, indicating diffuse and severe axonal loss. (B)
Pronounced RNFL atrophy in the NMO and ON groups compared with the LETM group
(Kruskal-Wallis test with Dunn’s multiple comparison, p = 0.0016). (C) Pronounced RNFL
atrophy related to disease duration, in patients with more than 5 years of disease (Mann—
Whitney test. p=0.0034). The differences in AQP4ab serostatus did not reach statistical
significance. (D) RNFL thinning correlates with EDSS score (r= -0.5057, r= 0.2166, p=
0.0099). Each plot represents the correlation of the means of global right and left eye RNFL
thickness and the EDSS score from each NMOSD patient. (E) RNFL atrophy correlates with
pericalcarine cortical thickness (r= 0.5299, r°= 0.2451, p= 0.0031). Each plot represents the
correlation of the means of global right and left eye RNFL thickness and the means of right

and left pericalcarine cortical thickness from each patient.

Figure 2. Voxel-based morphometry of cerebral gray matter (GM) and white matter
(WM) in NMOSD patients, comparing its clinical presentations, AQP4ab serostatus and
length of disease duration to controls. Results of voxelwise analysis showing areas of GM

and WM volumetric reduction in patients with NMOSD, NMO, LETM, and ON (A) and in
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the AQP4ab-positive group, the AQP4ab-negative group, patients with disease duration < 5
years, and patients with disease duration > 5 years (B) after comparison with age- and sex-
matched controls. Note the GM volumetric reduction in some areas of the frontal, parietal,
temporal, occipital, and limbic lobes and also cerebellum in the NMOSD group and in the
NMO and LETM subgroups. ON group showed a restricted atrophy to the occipital lobe. Note
the greater GM and WM atrophy in the AQP4ab-positive subgroup. In the subgroup with
longer disease duration, GM atrophy was more pronounced after 5 years. Shorter disease
duration presented more WM volumetric reduction. The results are shown on the MNI152 1
mm template. MNI z axis coordinates are shown (in mm) above each image. The color-coded

bars represent the T score. The red bar relates to GM, the blue bar to WM.

Figure 3. White matter microstructural abnormalities demonstrated by tract based
spatial statistics in NMOSD patients, comparing its clinical presentations, AQP4ab
serostatus and length of disease duration to controls. Voxelwise analysis showing areas of
reduced fractional anisotropy (FA) in patients of the NMOSD group, the NMO group, the
LETM group, and ON group (A), and the AQP4ab-positive group, those of the AQP4ab-
negative group, those with disease duration < 5 years, and those with disease duration > 5
years (B) after comparison with age- and sex-matched controls. Areas with reduced FA are
shown in yellow-red and represent cluster-based values (p<0.05, corrected with familywise
error correction). The results are shown on the MNI152 1 mm template. MNI z axis
coordinates are shown (in mm) above each image. The color-coded bar represents p values

ranging from 0.05 to <0.001.

Supplementary Tables legends

Supplementary Table 1. Results of voxel-based morphometry of cerebral gray matter (GM)
and white matter (WM) in NMOSD patients, comparing its clinical presentations, AQP4ab

serostatus and length of disease duration to controls.
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Supplementary Table 2. Results of tract-based spatial statistics voxelwise analysis of FA in
NMOSD patients, comparing its clinical presentations, AQP4ab serostatus and length of

disease duration to controls.

Supplementary Figure legends

Supplementary Figure 1. Cortical thickness decreases in NMOSD patients. Spatial
distribution of cortical thickness thinning in NMOSD patients, comparing its clinical
presentations, AQP4ab serostatus and length of disease duration to controls. Hotter colors
indicate reduced cortical thickness in patients with NMOSD (A), NMO (B), LETM (C), ON
(D), and in the AQP4ab-positive group (E), the AQP4ab-negative group (F), patients with
disease duration < 5 years (G), and patients with disease duration > 5 years (H) after

comparison with age- and sex-matched controls. The color-coded bar represents the T score.
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Table 1. Demographic, baseline clinical characteristics and OCT analysis of the RNFL by clinical presentations, AQP4ab serostatus, and disease duration.

NMOSD NMO LETM ON p value' < =5 years > 5 years p value? AQP4ab + AQP4ab - Vafue*
Patients # 27 15 10 9 2 12 19 15
Age (years)* 42 (14-76) 38 (17-63) 49 (14-76) 28 (16-49) 0.0769 40 (14-76) 38 (17-63) 0.9856 38 (14-63) 39 (16-76) 09585
Gender F/ M 24/3 15/0 7/3 6/3 0.0658 18/4 10/2 1 17/2 11/4 0.3696
Time f""'(‘;f:::):ympmms 5(0.9-19) 6(2-19) 1(0.9-3) 5(0.9-9) 0.0012 2 (0.9-5) 85(6-19)  P<0.0001 5(1-19) 2.0(0.99  0.0615
Number of relapses* 3 (1-15) 5(3-15) 2(1-3) 4(2:9) 0.001 3(1-6) 8.5 (2-15) 0.002 4(2-15) 20(19) 00012
EDSS* 4(1-8.5) 5(2-8.5) 25(1-7) 3 (1-4) 0.0315 3(1-8.5) 4(1-8) 0.1017  45(1.58.5) 3(1-65) 00373
AQP4ab (%) 1927 (70%)  13/1587%)  4/10 (40%) 2/9 (22%) 1122 (50%)  8/12 (67%) 19/19(100%)  0/15 (0%)
CSE OI'%‘;lgial bands 1127 41%)  6/15 (40%) 3/10 (30%) 2/9 (22%) 0.7377 6/22 (27%) 6/12 (50%) 0.2655 8/19(42%) 4/15(27%)  0.4764
Overall average RNFL 6
! 2 9.65+30.76  58.62+30.34 917241884  5672+31.12 00034  7745+2822 49912959 0003 62293176  7421£3027  0.151
thickness (um)
Inferior nasal RNFL
i h 855244573  72.88+43.15  113.1£39.66 69.78+3921  0.0068 98.1+40.9  57.36+3943  P<0.0001  76.65+4585  92.14+4234 00724
thickness (um)
s“‘:ﬁf;‘;{;::ssi‘;ﬁF L 81.56+39.72 6823 £39.24 1074 2987 6428 +34.11 00031  90.18+3544  57.14+3804 00009  70.59+3935  88+3805  0.0639

Nasal RNFL thickness

(um)! 49.69 + 28.05 39.65 +28.56 68.61 £ 16.06 37.06 +26.95 0.0016 56.68 +24.48 30.27 £27.12 0.0003 43.50 £30.12 51.93£2559 0.2548

Inferior temporal RNFL o) 10\ 4453 845044608 118843096 852244932 0.055 1064 £4237 733244362 00042  87.38+47.58  1035+41.64 0.1337

thickness (pm)‘"
Superior temporal RNFL o5 0, 409 80543855  127.642724 7378 +4471  0.0005 106£41.28  67.23+36.61 00008  87.82+4151  97.57+46.18  0.5812
thickness (um)
Temporal RNFL
thickness (um)! 49.174£2038  41.77+18.54  64.61£1283  40.61+£21.78 00009  52.63+£19.69  39.77£20.64 00149  4324+1976  5393£2088  0.0445

Abbreviations: NMOSD= neuromyelitis optica spectrum disorders; LETM= longitudinal extensive transverse myelitis; ON= optic neuritis;
AQP4ab+= seropositivity for anti-AQP4 antibody; AQP4ab-= seronegativity for anti-AQP4 antibody; EDSS= expanded disability status scale
*Median (range); **CSF Oligoclonal bands= Two or more cerebrospinal fluid restricted IgG oligoclonal bands

IMean + (SD); +Kruskal-Wallis with Dunn's Multiple Comparison Test; $Mann Whitney test

81



['able 2. Brain structures volumetric reduction and areas of cortical thinning (mean left and right hemispheres) in NMOSD patients, comparing its clinical

presentations, AQP4ab serostatus and length of disease duration to normal controls.

Gray matter area NC NMOSD p value* NMO LETM ON p value' AQP4ab + AQP4ab - vafue¥ =< 5 years > 5 years p value*
Total cortex volume 438 £56.3 406.1 £85.9  0.0809 391.9+£76.5 383.2+94.1 4593 +754  0.027 403.1 £84.8 409.4 +89.01 0.1438 417.5+£89.2 380.9 +74.6 0.2407
Brain stem 2024 +£291 19.22+4.57 0.2902 17.68 £3.58 20.62 +£5.85 20.17 £4.04 0.1504 18.9 £5.43 19.6 £3.51 0.214 19.8 £4.55 17.9 £4.56 0.278
Optic quiasm 0.21 £0.09 0.22+0.08 0.6228 0.19 £0.08 0.24 £0.08 0.25+0.09 0.4451 0.20 £0.08 0.24 +0.09 0.5691 0.23+0.08 0.19 £0.08 0.1824
Cerebellar cortex 91.51 £10.7 88.95+24.8 0.5918 79.64 £16.4 93.07 £32.1 100.1 £23.6  0.0663 87.3+£26 90.9 +24.1 0.3077 93.3+26.9 79.5 +16.7 0.0884
Thalamus 6.62 +0.97 6.54+1.37 0.7043 6.43 +1.31 6.14 + 1.45 7.25+1.18 0.0343 6.49 +1.27 6.6+1.5 0.546 6.72+1.32 6.16 £ 1.44 0.1499
Pericalcarine 1.62 £0.13 1.55+0.16  0.0058 1.53+£0.15* 1.57£0.17 1.57+£0.17  0.0296 1.56 £0.15 1.54+0.17 * 0.4856 1.56 +0.15 1.52+0.17 * 0.3447
Lingual 2.04 £0.15 1.97£0.17  0.0066 1.90 £0.12 ** 1.97 £0.20 2.07+£0.17  0.0004 1.94+£0.16 * 1.99+0.18 0.6473 1.98 +0.17 1.94+0.17 0.4269
Cuneus 1.88 £0.13 1.80+£0.18  0.009 1.75 £0.13 ** 1.84 +£0.17 1.85+0.23  0.0058 1.79 £0.15 1.82+£0.20 0.9063 1.81 £0.17 1.79 £ 0.20 0.6222
Pre-cuneus 2.38+0.16 2.30+£0.19  0.0075 224 £0.13 ** 2.32+0.23 237+£0.20 0.0034 2.32+0.18 2.27+0.20 * 0.4285 2.32+0.20 225+0.15* 0.1215
Fusiform 276 £0.17 2.75+0.19  0.7292 2.71£0.19 2.76 £0.20 2.82+0.18 0.3437 2.76 £0.19 274 +0.19 0.6904 2.77+0.19 271 +£0.19 0.2429
Paracentral lobule 2.37+0.18 221+£0.19 P<0.0001 2.16 £0.16 ** 216 +£0.23 * 234+0.15 P<0.0001 2.21£0.19 ** 221 £0.20 ** 0.5804 223 £0.21 ** 217 +£0.15**  0.2018
Superior frontal 2.64 £0.20 248 £0.22  P<0.0001 246+0.20** 242+0.24* 259+0.22 P<0.0001 2.51%0.20* 2.45 +0.25 ** 0.7144 2.49 +0.24 ** 246 +£0.19 **  0.582
Frontal pole 2.75+£0.35 2.62+033 0.0282 2.60 £0.33 2.54 £0.32 273+£0.32 0.0544 2.60 £0.27 2.63+0.39 0.739 2.64 +£0.32 2.58 +0.36 0.5171
Medial orbito-frontal 2.54 +£0.20 240+029 0.0024 243 +0.27 227+033%  250+£0.25  0.0006 2.45+0.27 2.33 £0.31 ** 0.5072 24+032* 239+0.21 0.8177
Cingulate rostral anterior 2.99 £0.30 2.82+0.36  0.0056 2.86 £0.36 2.67+039**  294+0.30 0.003 2.87+£0.37 277 +0.36 0.7871 2.81+0.39 2.85+0.32 0.6651
Cingulate caudal anterior 2.68 £0.27 2.51+£030  0.0008 2.54 £0.30 245+£029 %  253+0.32  0.0053 251+£032* 2.50 +0.28 * 0.8974 2.50 £0.28 ** 2.52 +0.36 0.8127
Cingulate posterior 2.65+0.18 248 £0.23  P<0.0001 2.40+0.17 ** 249 +0.29 * 257+021 P<0.0001 247 +£0.23 ** 2.48 +£0.23 ** 0.5172 2.51£0.24 ** 2.4 £0.17 ** 0.0554
Cingulate isthmus 2.62+0.24 251+£029 0.0275 245+0.24 247 +£0.37 2.65+0.23 0.0121 25+0.24 2.52+0.35 0.8813 2.52+£0.30 248 +0.27 0.5708
Parahippocampal 291+£0.31 290+037 0.7774 2.8+0.42 2.90+0.32 3.05+£0.29 0.1297 2.82+£0.42 2.98+0.29 0.2447 2.85+0.37 3.01 +£0.35 0.1229
Entorhinal 3.58 £0.29 3.60+040 0.7752 3.56 £0.37 3.50+0.42 3.81+038 0.0728 3.59 +£0.38 3.61+043 0.932 3.58 +£0.43 3.65+0.32 0.4924
Temporal pole 3.78 £0.47 3.87+0.30 0.2016 3.90 +£0.23 3.79 £0.38 392+032 04472 3.96 £0.24 3.77+0.33 0.1506 3.86 £0.31 39+0.29 0.6132
Temporal inferior 2.84+0.17 2.85+022 0.7502 2.83+£0.18 2.85+0.22 2.89+0.27 0.7726 2.839+£0.22 2.80+0.20 0.1138 2.89 +£0.22 2.76 +0.19 0.0154
Temporal middle 2.87+0.18 287+023 1 2.82+0.21 2.87+£0.23 296+0.25 0.1991 2.89+£0.23 2.85+0.22 0.4371 291+0.25 279 +£0.18 0.0442
Temporal superior 2.84 +£0.18 2.75+024  0.0201 273 +£0.21 2.64 +£0.25 * 2.89+0.21  0.0003 2.76 £0.22 274 +£0.26 0.9826 2.74 £0.25 2.77+0.21 0.6598
Temporal transverse 2.38+£0.24 232+034  0.2689 2.32+0.29 2.15+0.32 251+£0.37 0.0028 2.34£0.33 2.3+0.36 0.9756 2.32+0.35 2.33+0.35 0.9139
Frontal rostral-middle 2.25+0.18 2.15+0.17  0.001 2.15+0.17 2.12+0.18 * 2.18+0.16  0.0077 2.16 £0.18 2.14+0.15 * 0.8221 2.16 £0.17 2.12+0.16 * 0.357
Frontal caudal-middle 2.40+0.16 227+0.18  P<0.0001 2.31+0.18 221+0.19*%  232+0.16 0.0001 2.31+0.19 225 +0.17 ** 0.5061 2.27 £0.20 ** 2.30+0.15 0.5686
Frontal lateral-orbito 2.71£0.20 2.63+026 0.0412 2.64 £0.28 2.54+£0.20 * 271+£0.26  0.0327 2.66 £0.23 2.59 +0.29 * 0.5706 2.64 +£0.26 2.6+0.26 0.5511
Pre-central 248 £0.15 237+0.16  0.0002 235+0.16 * 233+0.18 * 247+0.09  0.0007 2.37+0.16 * 2.38+0.17 0.9751 2.37+0.18 238 +£0.10 0.9416
Post-central 1.99+0.14 1.91+0.16  0.0022 1.89 +£0.15 ** 1.89+£0.20 1.98+£0.13  0.0034 1.91+0.15 * 1.92+0.18 0.2163 1.94 +£0.18 1.86 £0.11 **  0.042
Parietal superior 2.17+£0.16 2.05+0.14  P<0.0001 2.02+0.10 ** 2.07 £0.20 2.08+0.10  0.0003 2.08 +0.14 2.03 +£0.14 ** 0.4232 2.07 £0.15 2.02+£0.09 **  0.1065
Supramarginal 2.53+0.17 237+0.19 P<0.0001 235+0.14*% 231+£024% 249+0.16 P<0.0001 2.4 +0.19 ** 2.35+£0.19 ** 0.9375 2.38 £0.22 ** 236+0.11 %%  0.716
Parietal inferior 2.46 +£0.19 233+£020 0.0002 229 £0.14 ** 2.32+0.27 242+0.19 P<0.0001 235%0.19 * 232+022* 0.5686 235+022* 229 +0.14 **  0.1308
Occipital lateral 2.19+£0.17 2.13+0.15 0.06 2.09 £0.13 2.16 £0.17 2.17+£0.16  0.0565 2.11+£0.14 2.16 £0.16 0.3353 2.15+0.14 2.09 +0.19 0.2267
Insula 3.04 £0.17 2.92+023 0.0005 2.87 £0.21 ** 2.87+0.21 * 3.06+£0.23  P<0.0001  2.90 +0.20 ** 2.94 +£0.25 0.5156 2.94 £0.23 2.87+£0.22**%  0.2918

Abbreviations: NC= normal control; NMOSD= neuromyelitis optica spectrum disorders; LETM= longitudinal extensive transverse myelitis; ON= optic neuritis;
VIean + SD of cortical thickness reported for each area in millimeters. For cerebellar cortex, thalamus, optic quiasm, brain stem and total cortex, the volume (in cm3) is reported and normalized for Intracranial Volume.
Kruskal-Wallis with Dunn's Multiple Comparison Test; ¥Unpaired T Test with Welch's correction; * p< 0.05 compared to NC; ** p< 0.001 compared to NC.
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Figure 1. Retinal nerve fiber layer atrophy associated with EDSS score and
pericalcarine cortical thinning. (A) An example of OCT analysis: the affected left eye of
a NMO patient. Note the RNFL thinning in all sectors, indicating diffuse and severe axonal
loss. (B) Pronounced RNFL atrophy in the NMO and ON groups compared with the LETM
group (Kruskal-Wallis test with Dunn’s multiple comparison, p = 0.0016). (C) Pronounced
RNFL atrophy related to disease duration, in patients with more than 5 years of disease
(Mann—Whitney test. p=0.0034). The differences in AQP4ab serostatus did not reach
statistical significance. (D) RNFL thinning correlates with EDSS score (r= -0.5057, r=
0.2166, p= 0.0099). Each plot represents the correlation of the means of global right and
left eye RNFL thickness and the EDSS score from each NMOSD patient. (E) RNFL
atrophy correlates with pericalcarine cortical thickness (r= 0.5299, ’= 0.2451, p= 0.0031).
Each plot represents the correlation of the means of global right and left eye RNFL
thickness and the means of right and left pericalcarine cortical thickness from each patient.
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Figure 2. Voxel-based morphometry of cerebral gray matter (GM) and white matter
(WM) in NMOSD patients, comparing its clinical presentations, AQP4ab serostatus
and length of disease duration to controls. Results of voxelwise analysis showing areas
of GM and WM volumetric reduction in patients with NMOSD, NMO, LETM, and ON (A)
and in the AQP4ab-positive group, the AQP4ab-negative group, patients with disease
duration < 5 years, and patients with disease duration > 5 years (B) after comparison with
age- and sex-matched controls. Note the GM volumetric reduction in some areas of the
frontal, parietal, temporal, occipital, and limbic lobes and also cerebellum in the NMOSD
group and in the NMO and LETM subgroups. ON group showed a restricted atrophy to the
occipital lobe. Note the greater GM and WM atrophy in the AQP4ab-positive subgroup. In
the subgroup with longer disease duration, GM atrophy was more pronounced after 5 years.
Shorter disease duration presented more WM volumetric reduction. The results are shown
on the MNI152 1 mm template. MNI z axis coordinates are shown (in mm) above each
image. The color-coded bars represent the T score. The red bar relates to GM, the blue bar

to WM.
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Figure 3A.




Figure 3B.




Figure 3. White matter microstructural abnormalities demonstrated by tract based
spatial statistics in NMOSD patients, comparing its clinical presentations, AQP4ab
serostatus and length of disease duration to controls. Voxelwise analysis showing areas
of reduced fractional anisotropy (FA) in patients of the NMOSD group, the NMO group,
the LETM group, and ON group (A), and the AQP4ab-positive group, those of the
AQP4ab-negative group, those with disease duration < 5 years, and those with disease
duration > 5 years (B) after comparison with age- and sex-matched controls. Areas with
reduced FA are shown in yellow—red and represent cluster-based values (p<0.05, corrected
with familywise error correction). The results are shown on the MNI152 1 mm template.
MNI z axis coordinates are shown (in mm) above each image. The color-coded bar

represents p values ranging from 0.05 to <0.001.
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Supplementary data

Comprehensive MRI protocol for demyelinating disease

MRI protocol. All individuals underwent a comprehensive MRI protocol for
demyelinating disease which would enable us to disclose any MS like lesions. This
protocol included MRI encompassing brain, cervical and thoracic spine, with the following

sequences:
Brain

1. T2-weighted TSE images acquired in the axial plane with 4mm slice thickness
(TR=2581.9ms, TE= 80ms, matrix= 560 x 560mm, field of view= 505 x 554mm).

2. T2-weighted FLAIR images acquired in the axial plane with 4mm slice thickness
(TR= 12000ms, TE= 140ms, matrix= 448x 448, field of view= 1145 x 554mm).

3. Volumetric (three-dimensional) T2-weighted FLAIR images were acquired in the
sagittal plane with 1mm slice thickness (TR= 5000ms, TE= 334ms, matrix= 240 x
240, field of view=1145 x 554mm).

4. TIl-weighted MT images acquired in the axial plane with 4mm slice thickness (TR=
636.5ms, TE= 10ms, matrix= 512 x 512mm, field of view= 505 x 554mm), before
and after intravenous infusion of paramagnetic contrast agent.

5. T2-weighted STIR images acquired in the axial plane with 4mm slice thickness
(TR=3555.4ms, TE= 40ms, matrix= 560 x 560, field of view= 505 x 554mm).

6. Diffusion echoplanar images acquired in the axial plane with 4mm slice thickness
(TR= 4080.4ms, TE= 74.4ms, matrix= 256 x 256, field of view= 1145 x 554mm).

7. Volumetric (three-dimensional) T1-weighted MT images were acquired in the
sagittal plane with 2mm slice thickness (TR= 15ms, TE= 1.7ms, matrix= 240 x 240,
field of view= 505 x 554mm), after intravenous infusion of paramagnetic contrast
agent.

Spine

1. T2-weighted TSE images acquired in the sagittal plane with 3mm slice thickness
(TR=2898.9ms, TE= 120ms, matrix= 560 x 560, field of view= 505 x 554mm).
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2. T2-weighted TSE with fat suppression images acquired in the sagittal plane with 3
mm slice thickness (TR= 3530.3ms, TE= 120ms, matrix= 560 x 560, field of view=
1145 x 554mm).

3. Tl-weighted TSE images acquired in the sagittal plane with 3mm slice thickness
(TR= 584ms, TE= 7.3ms, matrix= 512 x 512, field of view= 1145x 554mm), before
and after intravenous infusion of paramagnetic contrast agent.

4. Proton density images acquired in the sagittal plane with 3mm slice thickness (TR=
1500ms, TE= 8ms, matrix=512 x 512, field of view= 504 x 554mm).

5. T2-weighted TSE images acquired in the axial plane with 4mm slice thickness
(TR=3143.7ms, TE= 120ms, matrix= 512 x 512, field of view= 505 x 512mm).

6. T2-weighted VISTA images were acquired in the sagittal plane with 3,2mm slice
thickness (TR= 1800ms, TE= 149.4ms, matrix= 512 x 512, field of view= 505 x
554mm).

VBM and DTI. We also obtained two specific sequences that were later employed for
voxel-based morphometry (VBM) and diffusion tensor imaging (DTI) analyses,

respectively.

Volumetric (three-dimensional) T1-weighted gradient echo images were acquired in the
sagittal plane with 1 mm slice thickness (flip angle=35°, TR=7.1 ms, TE=3.2 ms,
matrix=240 x 240, field of view=240 x 240 mm). DTI was undertaken via a 32-direction
non-collinear echo planar sequence (flip angle=90°, voxel size=2x2x2 mm’, TR=8500 ms,
TE=61 ms, matrix=128 x 128, field of view=256 x 256 mm, 70 slices with 3 mm thickness,
b value =1000).

VBM protocol and analysis. We used VBMS (http://dbm.neuro.uni-jena.de/vbm) SPM8
(http://www fil.ion.ucl.ac.uk/spm) running on MATLAB-R2012b to extract GM and WM

maps from each subject and to perform statistical comparisons among different groups and
controls. This process includes spatial normalization of all image data to the same
stereotaxic space; segmentation and tissue extraction; spatial smoothing; and correction for

volume changes induced by spatial normalization (modulation). Regarding spatial
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normalization, we also applied a more sophisticated registration model (the DARTEL

algorithm) that substantially reduces the imprecision of intersubject registrationzz.

Processed images of patients and controls were compared using a voxelwise statistical
analysis™. We used full factorial design from SPM to investigate patterns of WM and GM
atrophy in the stratified subgroups [clinical (NMOSD, NMO, LETM, and ON), serum
positivity (AQP4ab+ and AQP4ab—) and disease duration (<=5 years and >5 years)] in
comparison to healthy controls. We exclusively reported clusters that survived an
uncorrected threshold of p<0.001 with at least 30 contiguous voxels and a minimum
statistical T=3.4. The results were not corrected for multiple comparisons due to the
exploratory nature of this study. In order to display the results and pinpoint their anatomical
location we used an additional SPM extension, XJVIEW

(http://www.alivelearn.net/xjview).

DTTI analyses. We processed the diffusion data with FSL software V.4.1.4%, starting with
FMRIB’s Diffusion Toolbox (FDT) to perform head motion and eddy current correction,
followed by Brain Extraction Tool® to extract non-brain voxels and create a brain mask.
Fractional anisotropy (FA) maps in the subject native space were then obtained by fitting a

tensor model to the raw diffusion data with DTIFIT.

Comparison of groups was then carried out with tract-based spatial statistics (TBSS), also
part of the FSL software V.4.1.4%°, which involves some pre-processing steps before the
final analyses. All FA images are initially aligned to a standard space using the non-linear
registration. The next step involves the creation of a mean FA template, which then enables
the generation of the mean FA skeleton. Thereafter, each patient's aligned FA map is
projected over this skeleton; this is an essential step in the processing algorithm because it
removes the effect of cross-subject spatial variability. These final data are then used for
voxelwise cross-subject statistics. The voxelwise statistics employed a permutation test
(n=5000) using the “program randomize” segment of FSL. The statistically significant
voxels were identified with threshold-free cluster enhancement (TFCE) applying
familywise error correction threshold (FWE) for multiple comparisons with the threshold of
p<0.05. We used the Johns Hopkins WM DTI-based atlas within the FSL, localizing the

areas with FA reduction resulting from statistical analyses.
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Supplementary Table 1. Results of voxel-based morphometry of cerebral gray matter
(GM) and white matter (WM) in NMOSD patients, comparing its clinical

presentations, AQP4ab serostatus and length of disease duration to controls.

Supplementary Table 1. Results of voxel-based morphometry of cerebral gray matter (GM)
and white matter (WM) in NMOSD patients, comparing its clinical presentations,

AQP4ab serostatus and length of disease duration to controls.

NMOSD
Cluster Peak MNI
Cluster size p value T coordinates: x, y, Anatomic location
(voxels) z {mm}
GM
1 53 p<0.001  3.61 45,19.5, 24 R. frontal lobe, middle frontal gyrus
2 80 p<0.001 3.93 42,3,49.5 R. frontal lobe, middle frontal gyrus
3 236 p<0.001  3.84 48,-13.5,46.5 R. frontal lobe, precentral gyrus
4 24 p<0.001 3.4 21,18, 48 L. frontal lobe, middle frontal gyrus
5 33741 p<0.001  5.65 -34.5,225,1.5 :; g;oné?r']é%?aete ;”ﬁif';é‘é”.fs' uglgfus, limbic
6 14 p<0.001 3.24 -45,-19.5, 27 L. parietal lobe, postcentral gyrus
7 10 p<0.001  3.45 -87.5,-36, 45 | parietal lobe, inferior parietal lobule
8 84 p<0.001  3.95 -39, -61.5, 33 L. parietal lobe, angular gyrus
9 245 p<0.001 4.5 -34.5,-58.5,61.5 | parietal lobe, superior parietal lobule
10 6466 p<0.001 5.78 42,1.5,-12 R. temporal lobe, superior temporal gyrus
11 234 p<0.001  4.36 54,-57,-7.5 R. temporal lobe, inferior temporal gyrus
12 352 p<0.001 5 34.5,-82.5,13.5 R occipital lobe,middle occipital gyrus
13 25 p<0.001 3.24 25.5,-91.5, 27 R. occipital lobe, cuneus
14 6 p<0.001  3.24 255, -81,27 R. occipital lobe, precuneus
15 373 p<0.001 415 12, -100.5, 13.5 R. occipital lobe, cuneus
16 54 0.001 3.67 -39,-88.5,7.5 L. occipital lobe, middle occipital gyrus
17 28 p<0.001 3.3 -6, -84, 30 L. occipital lobe, cuneus
18 9 p<0.001  3.64 -13.5, -69, -6 L. occipital lobe, lingual gyrus
19 15 p<0.001  3.61 30,-9,-6 R. Lentiform Nucleus
20 708 p<0.001  4.12 7.5,-64.5, 12 R. limbic lobe, posterior cingulate
21 1307 p<0.001 5.96 15, -49.5, -61.5 R. cerebellum posterior lobe
20 189 p<0.001 4.04 33, -57, -40.5 _II?(.)r(]::irlebellum posterior lobe and cerebellar
23 193 p<0.001  3.64 -12,-94.5,-34.5 | cerebellum posterior lobe and uvula
24 480 p<0.001  3.85 -27, -48, -21 L. cerebellum anterior lobe and Culmen
WM
1 358 P<0.001 3.83 18, 40.5,19.5 R. frontal lobe, medial frontal gyrus and
limbic lobe, anterior cingulate
2 37 P<0.001  3.86 24,-61.5,61.5 R parietal lobe, superior parietal lobule
344 P<0.001  3.86 -30, -55.5, 54 L. parietal lobe, superior parietal lobule
4 32 P<0.001  3.87 58.5,-52.5,-4.5 R temporal lobe, middle temporal gyrus
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668 P<0.001 4.37 39, -61.5, 27 R. temporal lobe, middle temporal gyrus

6 64 P<0.001 3.64 -31.5, -39, -21 L. temporal lobe, fusiform gyrus

7 292 P<0.001 3.94 39,-70.5, -1.5 R. occipital lobe, sub-gyral, middle occipital
gyrus

8 237 P<0.001 4.79 36,-90,1.5 R. occipital lobe, middle occipital gyrus

9 822 P<0.001 493  -435,-73.5,-10.5 hﬁ gsg:r;ﬁlulgbe middle occipital gyrus and

10 31 P<0.001 3.39 -16.5, -24, 36 L. limbic lobe, cingulate gyrus

" 30 P<0.001 3.38 -15,4.5, 48 L. limbic lobe, cingulate gyrus

12 1649 P<0.001 6.32 -10.5,-1.5,-19.5 L. limbic lobe, parahippocampal gyrus and
uncus

13 2386 P<0.001 4.72 -9,-30,135 L. sub-lobar, extra-nuclear, corpus callosum

14 367 P<0.001 3.93 43.5, -60, -37.5 R. cerebellum posterior lobe, tuber and

cerebellar tonsil
15 60 P<0.001 3.54 -46.5, -69, -39 L. cerebellum posterior lobe, tuber

Abbreviations: NMOSD= neuromyelitis optica spectrum disorders; WM= white matter; GM=gray matter
Results reported on height threshold: T=> 3.0

NMO
Cluster Peak MNI
Cluster size p value T coordinates: x, y, Anatomic location
(voxels) z {mm}
GM
1 3563 p<0.001  4.51 51,-10.5,7.5 R. frontal lobe, precentral gyrus
2 523 p<0.001  4.14 33,46.5,16.5 R. frontal lobe, middle frontal gyrus
3 68 p<0.001  3.75 46.5,-15, 48 R. frontal lobe, precentral gyrus
4 89 p<0.001 3.7 -22.5,55.5, 3 L. frontal lobe, superior frontal gyrus
5 275 p<0.001  4.05 -36, 42,13.5 L. frontal lobe, middle frontal gyrus
6 59 p<0.001 3.69 -46.5, 9, 27 L. frontal lobe, inferior frontal gyrus
7 32 p<0.001 3.6 -52.5,-13.5,40.5 | frontal lobe, precentral gyrus
8 107 p<0.001  3.68 -21,61.5,-9 L. frontal lobe, superior frontal gyrus
9 300 p<0.001  4.01 51,-12,-16.5 R. temporal lobe, middle temporal gyrus
10 522 p<0.001  3.92 52.5,-54, -9 R. temporal lobe, inferior temporal gyrus
1 7167  p<0.001  5.24 -34.5,24,15 1—8%”;;'; igf;freuf;m frontal gyrus, superior
12 102 p<0.001 3.7 -43.5,-10.5,6 | insula and precentral gyrus
13 56 p<0.001 3.5 4.5,-70.5, -1 R. occipital lobe, lingual gyrus
14 330 p<0.001  4.15 1.5,-69, 18 R. occipital lobe, precuneus
15 105 p<0.001 4.4 33,-82.5,13.5 R. occipital lobe, middle occipital gyrus
16 628 p<0.001  5.07 9,-37.5,42 R. limbic lobe, cingulate gyrus
17 213 p<0.001  3.87 7.5,-33,435 | limbic lobe, cingulate gyrus
18 5422 p<0.001 4.81 -1.5,31.5,255 L. limbic lobe, anterior cingulate and medial
frontal gyrus
19 32 0.001 3.41 -10.5, -60, 4.5 L. limbic lobe, posterior cingulate
20 178 p<0.001 3.7 34.5,-60,-43.5 R cerebellum posterior lobe, cerebellar tonsil
21 565 p<0.001  4.39 13.5, -48, -60 R. cerebellum posterior lobe
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22 292 p<0.001 3.58 -24,-52.5, -18 L. cerebellum anterior lobe, culmen
23 275 p<0.001 3.72 -12,-94.5,-34.5 | cerebellum posterior lobe
WM

1 2120 P<0.001 4.21 -19.5, -45, 33 L. parietal lobe, sub-gyral and cingulate
gyrus

2 68 P<0.001 4.18 58.5,-52.5,-4.5 R. temporal lobe, middle temporal gyrus

3 3759 P<0.001 4.35 -7.5,-30, 13.5 L. sub-lobar, extra-nuclear and corpus
callosum

4 1193 P<0.001 7.09 -9,-1.5,-18 L. limbic lobe, parahippocampal gyrus

5 76 P<0.001 4 34.5,-88.5,1.5 R occipital lobe, middle occipital gyrus

6 109 P<0.001  3.86 -28.5,-64.5,-45 | occipital lobe, lingual gyrus

7 1692 P<0.001 5.23 6, -39, -63

Medulla

Abbreviations: NMO= neuromyelitis optica; WM= white matter; GM=gray matter

Results reported on height threshold: T=> 3.0

LETM
Cluster Peak MNI
Cluster size p value T coordinates: x, y, Anatomic location
(voxels) z {mm}

GM
1 94 p<0.001  3.67 435,555,-15 R frontal lobe, middle frontal gyrus
2 181 p<0.001  3.77 27,58.5,-4.5 R. frontal lobe, superior frontal gyrus
3 723 p<0.001  4.19 48,-7.5,45 R. frontal lobe, precentral gyrus
4 454 p<0.001 4.27 -19.5, 21, 48 L. frontal lobe, superior frontal gyrus
5 101 p<0.001 3.56 -39, 40.5, 12 L. frontal lobe, inferior frontal gyrus
6 192 p<0.001  3.67 -42,9,24 L. frontal lobe, inferior frontal gyrus
7 53 0.001 3.4 -12,51,255 L. frontal lobe, superior frontal gyrus
8 118 p<0.001 3.46 31.5, -73.5, 36 R. parietal lobe, precuneus
9 136 p<0.001  3.76 -36, -27,37.5 L. parietal lobe, inferior parietal lobule
10 936 p<0.001  4.71 -64.5,-18, 33 L. parietal lobe, postcentral gyrus
11 1292 p<0.001  4.75 42,1.5,-12 R. temporal lobe, superior temporal gyrus
12 146 p<0.001  3.84 43.5,-73.5,18 R temporal lobe, middle temporal gyrus
13 173 p<0.001 3.8 -51,1.5,-27 L. temporal lobe, middle temporal gyrus
14 4309  p<0.001 452 58.5,-18, -6 Eaéiﬁgfii'niﬁ?f;fgiﬂﬂf temporal gyrus and
15 287  p<0.001  3.95 405, 6,9 R. insula
16 815 p<0.001  4.04 9,-4.5,40.5 R. limbic lobe, cingulate gyrus
17 10034 p<0.001 5.6 -1.5, 405,75 L |imbic lobe, anterior cingulate
18 136 p<0.001 3.75 10.5,-103.5, 15 R. occipital lobe, cuneus

WM
1 45 P<0.001 3.65 27,42, 18 R. frontal lobe, superior and middle frontal

gyrus
2 50 P<0.001  3.53 15,105,525 | frontal lobe, medial frontal gyrus
3 773 P<0.001 4.79 33,-78,22.5 R. temporal lobe, sub-gyral, midle temporal
gyrus, parietal lobe and angular gyrus

4 33 P<0.001 3.5 -33, -42, -21
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52
141
105
44
331

0.001
P<0.001
0.001
P<0.001
P<0.001

3.45
3.75
3.83
3.6
4.23

-10.5, -30, 13.5
0,-15, 13.5
39,-87,15

39,-70.5,-1.5

-46.5, -73.5, -12

L. sub-lobar, extra-nuclear
Inter-hemispheric, corpus callosum

R. occipital lobe, middle occipital gyrus
R. occipital lobe, sub-gyral

L. occipital lobe, middle occipital gyrus

Abbreviations: LETM= longitudinal extensive transverse myelitis; WM= white matter; GM=gray matter

Results reported on height threshold: T=> 3.0

ON
Cluster Peak MNI
Cluster size p value T coordinates: x, y, Anatomic location
(voxels) z {mm}
GM
1 69 p<0.001 3.58 43.5,19.5, 21 R. frontal lobe, middle frontal gyrus
2 56 p<0.001 3.6 -30, -15, -34.5 L. limbic lobe, uncus
3 4010 p<0.001 6.1 13.5,-87, 1 R. occipital lobe, lingual gyrus and cuneus
WM
1 228 P<0.001 5.35 7.5,0,-16.5 R. frontal lobe, subcallosal gyrus
2 285 P<0.001 6.16 -9,-1.5,-18 L. limbic lobe, parahippocampal gyrus
3 32 P<0.001 3.74 37.5,-84,1.5 R. occipital lobe, middle occipital gyrus
4 229 P<0.001 4.36 -9,-97.5,-15

L. occipital lobe, cuneus and lingual gyrus

Abbreviations: ON= optic neuritis; WM= white matter; GM=gray matter
Results reported on height threshold: T=> 3.0

AQP4ab positive
Cluster Peak MNI
Cluster size p value T coordinates: x, y, Peak MNI coordinate region
(voxels) z {mm}

GM
1 47 p<0.001  4.52 40.5, 3, 51 R. frontal lobe, middle frontal gyrus
2 31 0.001 3.43 45,55.5,1.5 R. frontal lobe, middle frontal gyrus
3 753 p<0.001  4.29 33, 46.5, 15 R. frontal lobe, middle frontal gyrus
4 BHO  p000T 536 352415 b  superior mporal ayres)
5 235 p<0.001  3.66 -18,55.5, -15 L. frontal lobe, superior frontal gyrus
6 68 p<0.001  3.66 -34.5,-58.5,60 | parietal Lobe, superior parietal lobule
7 257 p<0.001 3.6 -60,-28.5,34.5 | parietal lobe, inferior parietal lobule
8 4 0.001 3.41 51,-12,-16.5 R. temporal lobe, middle temporal gyrus
9 277 p<0.001  3.96 49.5,-585,1.5 R temporal lobe, middle temporal gyrus
10 125 p<0.001  3.57 -63,-7.5,-2.8 L. temporal lobe, superior temporal gyrus
11 107 p<0.001  3.66 -58.5,-25.5,13.5 | temporal lobe, superior temporal gyrus
12 2778 p<0.001  4.54 31.5,18,-15 R.insula, frontal lobe, inferior frontal gyrus
13 774 p<0.001  4.06 6,-64.5,12 R. limbic lobe, posterior cingulate
14 200 p<0.001 4.48 13.5, -40.5, 40.5 R. limbic lobe, cingulate gyrus
15 104 p<0.001 3.6 -10.5,-30,43.5 | |imbic lobe, cingulate gyrus
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16 4208 p<0.001  4.52 -9,45,1.5 L. limbic lobe, anterior cingulate

17 88 p<0.001 3.7 13.5, -87, -1 R. occipital lobe, lingual gyrus

18 78 p<0.001  3.75 -12,-70.5, -6 L. occipital lobe, lingual gyrus

19 75 p<0.001  3.66 12,-96, 12 R. occipital lobe, middle occipital gyrus

20 149 p<0.001  4.11 33,-84,13.5 R. occipital lobe, middle occipital gyrus

21 584 p<0.001  4.45 13.5, -48, -60 R. cerebellum posterior lobe

22 273 p<0.001 4.07 33, -58.5, -42 R. cerebellar tonsil

23 387 p<0.001  4.07 -12,-94.5,-34.5 | cerebellum posterior lobe

WM

1 73 p<0.001  3.63 18, 46.5, 24 R. frontal lobe, superior frontal gyrus

2 46 p<0.001 3.6 -51,21,3 L. frontal lobe, inferior frontal gyrus

3 99 p<0.001 3.88 -34.5,31.5,10.5 L. frontal lobe, sub-gyral and inferior frontal
gyrus

4 773 p<0.001 3.63 -31.5, -40.5, 34.5 :;.b%aléietal lobe, sub-gyral, inferior parietal

36 p<0.001  3.48 30,-25.5,-9 R. temporal lobe, sub-gyral, hippocampus

6 104 p<0.001  4.36 57,-52.5, -4.5 R. temporal lobe, middle temporal gyrus

7 445 p<0.001 4.92 46.5, -63, 27 R. temporal lobe, superior temporal gyrus
and middle temporal gyrus

75 p<0.001  3.59 9,-28.5,15 R. sub-lobar, extra-nuclear

9 147 p<0.001 3.68 -31.5, -40.5, -3 L. sub-lobar, temporal lobe

10 445 p<0.001 3.86 -9, -30, 13.5 L. sub-lobar, extra-nuclear and corpus
callosum

11 109 p<0.001 3.6 -16.5,-25.5,36 | |imbic lobe, cingulate gyrus

12 1690 p<0.001 6.55 -10.5,-1.5,-19.5 L. limbic lobe, parahippocampal gyrus and
sub-lobar, extra-nuclear

13 180 p<0.001 3.85 39,-72,-1.5 R. occipital lobe, middle occipital gyrus and
inferior temporal gyrus

14 135 p<0.001  3.96 34.5,-88.5,1.5 R occipital lobe, middle occipital gyrus

15 338 p<0.001 4.39 -28.5,-64.5,-1.5 L. occipital lobe, lingual gyrus and middle
occipital gyrus

16 506 p<0.001 4.2 42, 60, -37.5 R. cerebellum posterior lobe, tuber and
cerebellar tonsil

17 74 p<0.001 3.5 -45,-69,-37.5 | cerebellum posterior lobe, tuber

18 1535 p<0.001 5.53 7.5, -39, -64.5 Medulla

Abbreviations: AQP4ab+= seropositivity for anti-AQP4 antibody; WM= white matter; GM=gray matter.

Results reported on height threshold: T=> 3.0

AQP4ab negative

Cluster Peak MNI
Cluster size p value T coordinates: x, y, Peak MNI coordinate region
(voxels) z {mm}
GM
1 130 p<0.001  3.88 31.5,525,-7.5 R frontal lobe, middle frontal gyrus
2 72 p<0.001  3.62 45,19.5, 24 R. frontal lobe, middle frontal gyrus
3 110 p<0.001  3.64 285,405,285 R frontal lobe, superior frontal gyrus
4 55 p<0.001  3.46 43.5,-15,40.5 R. frontal lobe, precentral gyrus
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5 118 p<0.001  4.06 -42, 6,255 L. frontal lobe, inferior frontal gyrus
6 70 p<0.001 3.66 12,-73.5, 36 R. parietal lobe, precuneus
7 53 p<0.001  3.69 39, -48, 42 R. parietal lobe,inferior parietal lobule
8 33 p<0.001  3.57 -51,-16.5,40.5 | parietal lobe, postcentral gyrus
9 125 p<0.001  4.15 42,3,-12 R. temporal lobe, superior temporal gyrus
10 77 0.001 3.43 -31.5,75,-18 L. temporal lobe, superior temporal gyrus
11 127 p<0.001 3.8 55.5,-285,-3 | temporal lobe, middle temporal gyrus
12 289 p<0.001  3.67 10.5, 18, 33 R. limbic lobe, cingulate gyrus
13 354 p<0.001  4.08 6, -6, 42 R. limbic lobe, cingulate gyrus
14 1000 p<0.001  4.08 7.5, 42,6 L. limbic lobe,anterior cingulate
15 67 p<0.001 3.67 -3, -6, 13.5 L. sub-lobar, thalamus
16 112 0<0.001 3.59 0,135, 315 Igr;/t:euréHewsphenc, limbic lobe, cingulate
17 1415 p<0.001 4.06 3,-87,75 R. occipital lobe,cuneus
WM
1 122 p<0.001  4.13 6,4.5,-16.5 R. frontal lobe, subcallosal gyrus
2 169 p<0.001 4.34 -10.5, 2, -18 L. limbic lobe, parahippocampal gyrus
3 39 p<0.001  3.71 40.5,-72,-12 R occipital lobe, middle occipital gyrus
4 56 p<0.001 4.05 37.5,-87,1.5 R. occipital lobe, middle occipital gyrus
5 151 p<0.001  4.27 -6,-96, -3 L. occipital lobe, lingual gyrus and cuneus

Abbreviations: AQP4ab-= seronegativity for anti-AQP4 antibody; WM= white matter; GM=gray matter.

Results reported on height threshold: T=> 3.0

Longer Disease Duration

Cluster Peak MNI
Cluster size p value T coordinates: x, y, Peak MNI coordinate region
(voxels) z {mm}

GM
1 493 p<0.001 4.2 25.5,52.5, 12 R. frontal lobe,middle frontal gyrus
2 103 p<0.001  3.75 46.5,28.5,10.5 R frontal lobe, inferior frontal gyrus
3 4969 p<0.001 4.35 -36,25.5,-1.5 L. frontal lobe, inferior frontal gyrus
4 173 p<0.001  3.88 -31.5,46.5,10.5 | frontal lobe, middle frontal gyrus
5 151 p<0.001 3.76 -9, -54,37.5 L. parietal lobe, precuneus
6 3810 p<0.001  5.06 54,-13.5, 9 R. temporal lobe, superior temporal gyrus
7 85 p<0.001 3.5 54,-7.5,-18 R. temporal lobe, middle temporal gyrus
8 317 p<0.001  4.49 51,-54,-9 R. temporal lobe, inferior temporal gyrus
9 100 p<0.001 3.7 -58.5,-28.5,-1.5 | temporal lobe, superior temporal gyrus
10 107 p<0.001  3.54 -64.5,-9,-1.5 L. temporal lobe, superior temporal gyrus
11 36 p<0.001  3.49 -42,-63,1.5 L. temporal lobe, middle temporal gyrus
12 4960 p<0.001 5.6 0, -67.5, 15 L?;eraiemispheric, limbic lobe, posterior
13 627 p<0.001  5.06 15, -42, 42 R. limbic lobe, cingulate gyrus
14 40 p<0.001  3.56 10.5,1.5, 39 R. limbic lobe, cingulate gyrus
15 4518 p<0.001  5.02 15,315,255 | |imbic lobe, anterior cingulate
16 299 p<0.001 3.9 1.5,-45,4.5 R. Sub-lobar, thalamus
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17 197 p<0.001  4.01 21,-70.5,-7.5 R. occipital lobe, lingual gyrus
18 51 p<0.001  4.84 34.5,-78,-7.5 R. occipital lobe, inferior occipital gyrus
19 239 p<0.001  3.82 15,-93,13.5 R. occipital lobe, middle occipital gyrus
20 139 p<0.001  4.84 34.5,-81,135 R occipital lobe, middle occipital gyrus
21 32 p<0.001 3.46 -21,-94.5, 21 L. occipital lobe, cuneus
22 102 p<0.001 3.92 -13.5, -85.5, -12 L. occipital lobe, lingual gyrus
23 1111 p<0.001 4.71 13.5,-52.5, -61.5 R. cerebellum posterior lobe

WM
1 " p<0.001  3.38 21,-81,37.5 R. parietal lobe, precuneus
2 5 p<0.001  3.42 60, -54,-4.5 R. temporal lobe, middle temporal gyrus
3 36 0.001 3.41 0, -48, -60 Inter-hemispheric, limbic lobe
4 5 p<0.001 3.3 28.5,-24, -9 R. limbic lobe, parahippocampal gyrus
5 1255 p<0.001 8.36 -9,-15,-18 L. limbic lobe, parahippocampa gyrus and

subcallosal gyrus

6 5 p<0.001  3.38 36,-88.5, 1.5 R. occipital lobe, middle occipital gyrus
7 50 0.001 3.41 6, -36, -61.5 Medulla

Abbreviations: WM=white matter, GM=gray matter

Results reported on height threshold: T=> 3.0

Shorter Disease Duration

Cluster Peak MNI
Cluster size p value T coordinates: x, y, Peak MNI coordinate region
(voxels) z {mm}
GM
1 42 p<0.001  3.47 24,57, -6 R. frontal lobe, superior frontal gyrus
2 96 p<0.001  3.87 45,19.5, 24 R. frontal lobe, middle frontal gyrus
3 213 p<0.001  3.94 25.5, 42, 27 R. frontal lobe, superior frontal gyrus
4 53 p<0.001  3.69 1.5,58.5, -15 R. frontal lobe, medial frontal gyrus
5 142 p<0.001  3.83 33,46.5, 15 R. frontal lobe, middle frontal gyrus
6 159 p<0.001  4.27 40.5, 3, 49.5 R. frontal lobe, middle frontal gyrus
7 49 p<0.001 3.6 -25.5, 57,15 L. frontal lobe, middle frontal gyrus
8 827 p<0.001  4.03 51,18, 9 L. frontal lobe, precentral gyrus
9 52 p<0.001  3.69 -51,-15, 40.5 L. frontal lobe, precentral gyrus
10 65 p<0.001  3.58 -24,55.5,1.5 L. frontal lobe, superior frontal gyrus
11 143 p<0.001  4.25 42,3,-12 R. temporal lobe, superior temporal gyrus
12 666 p<0.001  3.95 51,4.5,-225 | temporal lobe, middle temporal gyrus
13 319 p<0.001  3.84 -315,9, -24 L. temporal lobe, superior temporal gyrus
14 71 p<0.001  3.63 -57,-28.5,-1.5 | temporal lobe, superior temporal gyrus
15 629 p<0.001  4.31 7.5,-6,40.5 R. limbic lobe, cingulate gyrus
16 1275 p<0.001  4.15 7.5,42,6 L. limbic lobe, anterior cingulate
17 64 0.001 3.44 -1.5,135,33 L. limbic lobe, cingulate gyrus
18 71 p<0.001 3.49 4.5,-855,18 R. occipital lobe, cuneus
WM
1 35 p<0.001  3.64 27,405, 18 R. frontal lobe, sub-gyral
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10

11

12
13

134

48

351

32

361

321
576

418

675

445

572
49

p<0.001
p<0.001
p<0.001
p<0.001
p<0.001

p<0.001
p<0.001

p<0.001

p<0.001

p<0.001

p<0.001
p<0.001

3.74

3.51

4.31

3.51

4.17

4.75
3.89

4.17

4.41

3.85

4.05
3.46

21,37.5,34.5
21,585, -18
39, -60, 25.5
-33, -40.5,-16.5
10.5,1.5,-18

-10.5,-1.5,-19.5
-7.5,-30, 12

36, -87,1.5

-46.5, -75, -12

30, -69, -52.5

43.5,-61.5,-37.5
-45, -69, -39

R. frontal lobe, medial frontal gyrus and
anterior cingulate

R. frontal lobe, superior frontal gyrus

R. temporal lobe, superior temporal gyrus
and middle temporal gyrus

L. temporal lobe, fusiform gyrus

R. limbic lobe, parahippocampal gyrus and
uncus

L. limbc lobe, parahippocampal gyrus
L. sub-lobar, extra-nuclear, corpus callosum

R. occipital lobe, middle occipital gyrus and
inferior occipital gyrus

L. occipital lobe, middle occipital gyrus and
lingual gyrus

R. cerebellum posterior lobe, inferior semi-
lunar lobule

R. cerebellum posterior lobe,tuber

L. cerebellum posterior lobe, tuber

Abbreviations: WM=white matter, GM=gray matter

Results reported on height threshold: T=> 3.0
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Supplementary Table 2. Results of tract-based spatial statistics voxelwise analysis of
FA in NMOSD patients, comparing its clinical presentations, AQP4ab serostatus and
length of disease duration to controls.

Supplementary Table 2. Results of tract-based spatial statistics voxelwise analysis of FA in NMOSD patients,

comparing its clinical presentations, AQP4ab serostatus and length of disease duration to controls.
NMOSD

Peak MNI
Cluster Cluster size (voxels) valﬁe* coordinates: Anatomic location
X, Y, z {mm}
L. and R. Sagittal stratum (include inferior longitudinal
WM . e - .
fasciculus and inferior fronto-occipital fasciculus);
Middle cerebellar peduncle;
Genu, body and splenium of corpus callosum;
R. and L. Anterior, superior and posterior corona radiata;
L. and R. Posterior thalamic radiation (include optic radiation);
1 65330 P<0.001 -38,-49, -6 .and L. external capsule;

R

R. and L. Superior longitudinal fasciculus;

R. and L. Medial lemniscus;

R. and L. Inferior and superior cerebellar peduncle;

R. and L. Cerebral peduncle;

R. and L. Anterior, posterior limb and retrolenticular part of
internal capsule;

R. and L. Cingulum (cingulate gyrus and hippocampus);

R. and L. Fornix / Stria terminalis.

Abbreviations: NMOSD= neuromyelitis optica spectrum disorders; WM= white matter
* two sample t test with family wise error correction

NMO
Peak MNI
Cluster Cluster size (voxels) valfl o coordinates: Anatomic location
X, Y, z{mm}
wMm L. and R. Posterior thalamic radiation (include optic radiation);

Genu, body and splenium of corpus callosum;

Middle cerebellar peduncle;

R. and L. Inferior and superior cerebellar peduncle;

R. and L. Anterior, superior and posterior corona radiata;
1 51444 0.002 -34,-60, -3 R. and L. External capsule;

R. and L. Anterior, posterior limb and retrolenticular part of

internal capsule;

R. and L. Cerebral peduncle;

R. and L. Sagittal stratum (include inferior longitudinal

fasciculus and inferior fronto-occipital fasciculus);

R. and L. Superior longitudinal fasciculus;

R. and L. Fornix / Stria terminalis;

R. and L. Cingulum (cingulate gyrus and hippocampus).

Abbreviations: NMO= neuromyelitis optica; WM= white matter
* two sample t test with family wise error correction

LETM
Peak MNI
Cluster Cluster size (voxels) vaI,t: o* coordinates:  Anatomic location
X, Yy, z{mm}

WM

1 77 0.047 31,-24,-7 R. Fornix / Stria terminalis;

R. Retrolenticular part of internal capsule.
2 34697 0.001 -30,-22, 33 Genu, body and splenium of corpus callosum;

R. and L. Posterior thalamic radiation (include optic radiation);
R. and L. Superior longitudinal fasciculus;

L. Retrolenticular part of internal capsule;

R. and L. Anterior, superior and posterior corona radiata.

Abbreviations: LETM= longitudinal extensive transverse myelitis; WM= white matter;
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* two sample t test with family wise error correction

ON
Peak MNI
Cluster Cluster size (voxels) val,l: o coordinates: Anatomic location
X, Y, z{mm}
WM
1 660 0.04 -32,-60, 22 L. Posterior corona radiata;
L. Superior longitudinal fasciculus.
2 877 0.036 -42,-17, 28 L. Superior longitudinal fasciculus;
L. Superior corona radiata.
3 2901 0.015 -41, -30, -15 L. Posterior thalamic radiation (include optic radiation);
L. Retrolenticular part of internal capsule;
L. Sagittal stratum (include inferior longitudinal fasciculus and
inferior fronto-occipital fasciculus);
L. Superior longitudinal fasciculus;
L. External capsule;
L. Posterior limb of internal capsule.
Abbreviations: ON= optic neuritis; WM= white matter;
* two sample t test with family wise error correction
AQP4ab positive
Peak MNI
Cluster Cluster size (voxels) vaI’Ze* coordinates: Peak MNI coordinate region
X, Yy, z{mm}
WM Middle cerebellar peduncle;

Genu, body and splenium of corpus callosum;
R. and L. Fornix / Stria terminalis,
L. and R. Corticospinal tract;
R. and L. Medial lemniscus;
R. and L. Inferior and superior cerebellar peduncle;
1 57397 0.001 -40,-31,-16  R.and L. Cerebral peduncle;
R. and L. Anterior, posterior limb and retrolenticular part of
internal capsule;
R. and L. Anterior, superior and posterior corona radiata;
L. and R. Posterior thalamic radiation (include optic radiation);
R. and L. External capsule;
R. and L. Superior longitudinal fasciculus;
L. and R. Sagittal stratum (include inferior longitudinal
fasciculus and inferior fronto-occipital fasciculus);
R. and L. Cingulum (hippocampus);

L. Cingulum (cingulate gyrus).

Abbreviations: AQP4ab+= seropositivity for anti-AQP4 antibody; WM= white matter.
* two sample t test with family wise error correction

AQP4ab negative

Peak MNI
Cluster Cluster size (voxels) valfn o coordinates: Peak MNI coordinate region
X, Yy, z{mm}
wMm Genu, body and splenium of corpus callosum;

R. and L. anterior, superior and posterior corona radiata;
L. and R. Posterior thalamic radiation (include optic radiation);
L. and R. Sagittal stratum (include inferior longitudinal
fasciculus and inferior fronto-occipital fasciculus);

1 35112 0.002 -40,-33,0 R. and L. external capsule;
L. and R. Superior longitudinal fasciculus;
L. and R. Fornix / Stria terminalis;
L. and R. Cingulum (cingulate gyrus);
L. Cingulum (hippocampus);
R. anterior limb of internal capsule;
R. and L. posterior limb and retrolenticular part of internal
capsule;

Abbreviations: AQP4ab-= seronegativity for anti-AQP4 antibody; WM= white matter
* two sample t test with family wise error correction

Shorter Disease Duration
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Peak MNI

Cluster Cluster size (voxels) val,l: o coordinates: Peak MNI coordinate region
X, Y, z{mm}
wMm Genu, body and splenium of corpus callosum;
Middle cerebellar peduncle;
R. and L. Inferior and superior cerebellar peduncle;
R. and L. Cerebral peduncle;
L. and R. Posterior thalamic radiation (include optic radiation);
L. and R. Sagittal stratum (include inferior longitudinal
fasciculus and inferior fronto-occipital fasciculus);
1 50143 0.001 -37,-34,-18  R.and L. external capsule;
R. and L. Superior longitudinal fasciculus;
R. and L. Fornix / Stria terminalis;
R. and L. Cingulum (cingulate gyrus and hippocampus);
R. and L. anterior, superior and posterior corona radiata;
R. and L. anterior, posterior limb and retrolenticular part of
internal capsule;
R. and L. Medial lemniscus;
R. and L. corticospinal tract;
Pontine crossing tract (a part of MCP)
Abbreviations: WM=white matter
* two sample t test with family wise error correction
Longer Disease Duration
Peak MNI
Cluster Cluster size (voxels) valﬁ o coordinates: Peak MNI coordinate region
X, Y, z{mm}
WM
1 182 0.048 35, -48, 31 R. Superior longitudinal fasciculus
2 15106 0.002 -30, -66, 0 L. Posterior thalamic radiation (include optic radiation);
L. Superior longitudinal fasciculus;
L. Fornix / Stria terminalis;
L. External capsule;
L. Sagittal stratum (include inferior longitudinal fasciculus and
inferior fronto-occipital fasciculus);
L. Superior and posterior corona radiata;
L. Posterior limb and retrolenticular part of internal capsule;
Body and splenium of corpus callosum;
L. Cingulum (hippocampus).
3 19979 0.008 38, -50, -5 Genu, body and splenium of corpus callosum;

R. anterior, posterior limb and retrolenticular part of internal
capsule;

R. and L. anterior and superior corona radiata;

R. posterior corona radiata;

R. Posterior thalamic radiation (include optic radiation);

R. Sagittal stratum (include inferior longitudinal fasciculus and
inferior fronto-occipital fasciculus);

R. and L. External capsule;

R. Superior longitudinal fasciculus;

R. Fornix / Stria terminalis;

Abbreviations: WM=white matter
* two sample t test with family wise error correction
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Supplemental Figure 1. Cortical thickness decreases in NMOSD patients.
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Discussao Geral

Conforme descrito no capitulo 1, para verificar se o HTLV-1 poderia agir
como desencadeador do DENMO, foi investigada a presenga de anticorpos anti-
AQP4 em 22 individuos portadores assintomaticos de HTLV-1 e 26 com
HAM/TSP, sendo que 3 deles eram co-infectados com HIV e/ou virus da hepatite
C. Um paciente apresentou HAM/TSP agudo, com histéria de NO de repetigéao e
mielite transversa. Ndo foi detectado anti-AQP4 nos casos estudados. Foi feita
também a pesquisa de anticorpo anti-HTLV-1 em um grupo de pacientes com
diagnéstico de DENMO clinico e soropositivo para anti-AQP4 e nenhum destes
pacientes apresentou anticorpo anti-HTLV-1 detectavel. Esses achados sugerem
que o HTLV-1 ndo parece ser um agente viral comum desencadeador do DENMO;
que anti-AQP4 ndo estd comumente envolvido na fisiopatogenia da mielopatia
associada ao HTLV-1; que em &reas com alta prevaléncia de infec¢do pelo HTLV-
1 e casos de DENMO, como o Brasil, pacientes com quadro clinico atipico de
HAM/TSP deveriam ser investigados para presenca do anticorpo anti-AQP4 para
melhor definicdo diagndstica e proposta terapéutica adequada.

Os dados apresentados sugerem que o HTLV-1 n&o seja um
desencadeador do DENMO, uma doenga autoimune, porém a coexisténcia das
duas doencas poderia alterar a evolugcdo natural delas, piorando a sua
apresentacao clinica. Em dois Unicos relatos de casos na literatura sobre
HAM/TSP aguda, os quais apresentavam anti-AQP4 positivo, este anticorpo foi
titulado em altos niveis, ultrapassando o limite maximo de titulagdo do método

utilizado (38,51). Niveis elevados de anti-AQP4 estao associados a pior evolucao
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clinica e riscos de surtos de mielite e/ou NO (2,20). Além disso, estes dois
pacientes apresentavam multiplas lesdes desmielinizantes na substancia branca
encefalica vista na RNM de crénio (38,51). Estes niveis elevados de anti-AQP4
poderiam estar relacionados a estimulagao de linfocitos B por células T infectadas
pelo HTLV-1, o que levaria a maior producao de anticorpos derivados das células
B estimuladas (52). Entretanto, mais estudos sdo necessarios para definir se a
infeccdo pelo HTLV-1 alteraria a evolugdo natural do DENMO, apresentando-se
como um fator de pior prognéstico para os pacientes.

No capitulo 2, para verificar se a apresentagdo da doenca (NMO, MTLE,
NO), tempo de doenga (5 anos ou menos do primeiro surto ou mais de 5 anos de
duracao) e deteccao sérica do anticorpo anti-AQP4 (seropositivo ou seronegativo)
resultariam em alteracbes estruturais da substancia cinzenta e substancia branca
encefalica, foram analisadas as imagens de RNM de alto campo (3T) de 34
pacientes com DENMO e 34 controles sadios pareados por sexo e idade, bem
como empregados métodos automatizados e sofisticados de computacao (VBM,
Freesurfer, TBSS) (31-33). Esta andlise demonstrou que o DENMO esta
associado a atrofia de estruturas das substancias cinzenta e branca cerebrais; que
a atrofia ndo se limita apenas as areas das vias sensorial, motora e visual, mas é
mais difusa; e que quanto maior o tempo de doencga e a presenca do anticorpo
anti-AQP4, maior € o grau de atrofia cortical.

Além disso, a OCT com espectro de dominancia mostrou a presenca de
atrofia na camada de fibras nervosas retinianas, a qual foi maior nos casos de NO
recorrente, NMO e mais de 5 anos de doenca. Nao foram detectadas lesdes

subclinicas nos pacientes que s6 apresentavam a forma de MTLE na nossa
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casuistica. Para estudar o provavel mecanismo de degeneracao retrégrada e/ou
anterégrada ap0s lesdes axonais nos nervos épticos, bem como seu efeito na via
visual, foi demonstrada pela primeira vez uma correlacdo positiva entre atrofia
retiniana e atrofia do sulco pericalcarino, a qual foi maior nos casos de NO
recorrente e NMO. Houve também uma correlacdo da atrofia retiniana com a
escala de incapacidade funcional expandida (EDSS), corroborando com o achado
de atrofia mais difusa das estruturas da substéancia cinzenta e branca.

O numero pequeno de pacientes avaliados (n=34) pode ser considerado um
limitador ao estudo. Entretanto, a NMO é uma doenga mais rara, principalmente
quando se compara com a EMRR, e por isso, estudos envolvendo um unico centro
se tornam mais dificil de realizar. Por isso, para atenuar esta limitagdo, foram
utilizadas neuroimagens adquiridas em RNM de alto campo (3T) e analises em
trés programas independentes, automatizados e validados na literatura, reduzindo
as chances de vieses.

Apesar da ampla expressdao de AQP4 no coértex cerebral, ndo foram
constatados infiltrados inflamatérios ou les6es desmielinizantes que costumam
ocorrer na EMRR e determinam, nesta doenca, pontos de atrofia cortical mais
intensa do que a observada no DENMO (23,24). A causa da atrofia cortical na
NMO ainda ndo esta completamente elucidada, mas a degeneragao retrograda
neuronal apds lesdes axonais na medula, nervos épticos e substancia branca
profunda parece exercerem um importante papel. Mais estudos sdo necessarios
para explicar a aparente protecdo da AQP4 cortical contra a citotoxicidade
mediada por anticorpos e inflamacao resultante observada nos sitios lesionais

tipicos do DENMO.
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Conclusao Geral
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Conclusao Geral

Nossas observagdes permitem concluir que:

1. A mielopatia associada a variante aguda da HAM/TSP e aquela associada
ao anticorpo anti-AQP4 sao entidades clinicas distintas, e provalvemente,
ndo interrelaciodas de forma patogénica.

2. Os pacientes com DENMO ndo apresentaram niveis detectaveis de
anticorpos contra o HTLV-1.

3. A presenca do anticorpo anti-AQP4 na NMO e NO, e mais de 5 anos de
doenca podem ser considerados fatores de pior progndstico para atrofia da
camada de fibras nervosas retinianas.

4. A NMO com o anticorpo anti-AQP4 e mais de 5 anos de doenga podem ser
considerados fatores de alto risco para atrofia do cértex e substancia
branca cerebral.

5. O padrdo de atrofia do cortex cerebral encontrado, associado a correlagao
positiva entre atrofia da camada de fibras nervosas retinianas e atrofia
pericalcarina, além da escala de incapacidade funcional expandida EDSS,
sugere que a degeneracao neuronal retrograda e/ou anterdgrada do tipo

Walleriana é um importante causador da atrofia cortical no DENMO.
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Anexo 1: Parecer do Comité de Etica em Pesquisa aprovando o trabalho.

FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM PESQUISA

® www.fecm.unicamp.br/pesquisa/etica/index.html

CEP, 28/01/11
(Grupo III)

PARECER CEP: N° 1274/2010 (Este n° deve ser citado nas cnrrespondénc:as referente a este projeto).
CAAE 1002.0.146.000-10

I- IDENTIF ICACAO:

PROJETO: “NEUROMIELITE OPTICA X MIELOPATIA ASSOCIADA AO HTLV-I:
CARACTERIZACAO DO ANTICORPO ANTI-AQUAPORINA 4 NA DOENCA AUTO-
IMUNE E NA INFECCAO VIRAL”.

PESQUISADOR RESPONSAVEL: Felipe von Glehn Silva

INSTITUICAC: Hospital das Clinicas/UNICAMP

APRESENTACAO AO CEP: 13/12/2010 f
APRESENTAR RELATORIO EM: 28/01/12 (O formulério encontra-se no site acima).

II - OBJETIVOS

Determinar a presenga de anticorpos anti-Aquaporina 4 no soro de pacientes com Neuro-
Mielite Optica (NMO), com Mielopatia associada ao HTLV-1 (HAM), com sorologia positiva para
HTLV-1 e em individuos normais, correlacionando com a gravidade da doenga; correlacionar os
titulos com a fungdo de linfocitos B e T; correlacionar com achados da ressonincia
ma;’gnética;acompanhar a evolugfio das lesdes medulares e comparar com os niveis de anti-Aqua 4.

III - SUMARIO

Trata-se de um estudo observacional descritivo e comparativo onde serfio avaliados pacientes
com NMO, HAM e pacientes soropositivos para HTLV-1 acompanhados no ambulatorio de
Esclerose Multipla e Neuroinfectologia do HC da Unicamp. A quantificagio do anticorpo anti-Aqua
4 sdra feita através de imunofluorescencia indireta recombinante. Sua avahagao auxilia o diagnostico
da NMO e sera usada na comparagdo entre as patologias e com as imagens de ressonéincia para
acompanhamento das lesdes. Em conjunto serfio avaliados os linfécitos B e T através de
imunofenotipagem. As amostras serfio coletadas no momento da inclusdo no estudo, apds 6 e 12
meses. Serdo incluidos Z5 pacienies coin NMO, 25 com HAM, 23 pacienies assintomadticos com
sorologia positiva para HTLV-1 e 25 controles sadios. Serdio excluidos os pacientes com outras
doengas auto-imunes além da NMO, com outras infecgdes além do HTLV-1 ou que recusarem
participar. Alem das amostras de sangue serd coletado liquor dos pacientes, mas nio dos controles.
Ser;i feito comparagéo entre os niveis de ACS dos 4 grupos.

{
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V - COMENTARIOS DOS RELATORES

Comité de Etica em Pesquisa - UNICAMP

Ruaz Tessdlia Vieira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX (019) 3521-7187
13083-887 Campinas—SP ' cep@fem.unicamp.br



FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM PESQUISA

® www.fcm.un1camp.br/pesqu1sa/etlcaf'1ndex.htm1

Apos respostas as pendéncias, o projeto encontra-se adequadamente redigido e de acordo
com a Resolugdo CNS/MS 196/96 e suas complementares, bem como o Termo de Consentimento
Livre e Esclarecido.

V--fPARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP, apés
acatar os pareceres dos membros-relatores previamente designados para o presente caso e atendendo
todos os dispositivos das Resolugdes 196/96 e complementares, resolve aprovar sem restrigdes o
Protocolo de Pesquisa, bem como ter aprovado o Termo do Consentimento Livre e Esclarecido,
assim como todos os anexos incluidos na Pesquisa supracitada.

O contedido e as conclusdes aqui apresentados s3io de responsabilidade exclusiva do
FEP/F(‘M/UNICAMP e nfio representam a opinido da Universidade Estadual dc Campinas nem a
comprometem.

VI - INFORMACOES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
consentimento em qualquer fase da pesquisa, sem penalizagiio alguma e sem prejuizo ao seu cuidado
(Res. CNS 196/96 — Item IV.1.f) e deve receber uma copia do Termo de Consentimento Livre e
Esclarecido, na integra, por ele assinado (Item IV.2.d).

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e
descontinuar o estudo somente apds andlise das razdes da descontinuidade pelo CEP que o aprovou
(Res. CNS Item II1.1.z), exceto quando perceber risco ou dano ndo previsto ao sujeito participante ou
quando constatar a superioridade do regime oferecido a um dos grupos de pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o
curso normal do estudo (Res. CNS Item V.4.). E papel do pesquisador assegurar medidas imediatas
adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido em outro centro) e enviar
notificagdo ao CEP e a Agéncia Nacional de Vigilancia Sanitéria — ANVISA — junto com seu
pos;cmnamento (

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de forma
clara e sucinta, identificando a parte do protocolo a ser modificada e suas justificativas. Em caso de
projeto do Grupo I ou II apresentados anteriormente 8 ANVISA, o pesquisador ou patrocinador deve
envii-las também & mesma junto com o parecer aprovatério do CEP, para serem juntadas ao
protocolo inicial (Res. 251/97, Item 111.2.¢)

Relatérios parciais e final devem ser apresentados ao CEP, de acordo com os prazos
estabelecidos na Resolugdo CNS-MS 196/96.

Vlﬂ- DATA DA REUNIAO '

Homologado na I Reunifo Ordinaria do [\CEP/F CM, em 18 de janeiro de 2011.

\ Js ‘
Prof. Dr. CMO Steiner

PRESIDENTE do COMITE DE ETICA EM PESQUISA

i FCM / UNICAMP

| |
Comité de Etica em Pesquisa - UNICAMP
Rua: Tessailia Vieira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 : FAX (019) 3521-7187
13083-887 Campinas — SP cep@fem.unicamp.br



Anexo 2- Termo de Consentimento Livre e Esclarecido (TCLE), conforme
resolucgo 196/96.

Projeto: Neuromielite ()ptica X Mielopatia associada ao HTLV-I: caracterizacdo do
anticorpo anti-Aquaporina 4 na doenca auto-imune e na infeccao viral.

Pesquisador Responsdvel: Felipe von Glehn Data:

Justificativa e Objetivos: A Neuromielite Optica (NMO) é uma doenca inflamatéria auto-imune, que acomete

adultos jovens. A incidéncia de tal doenca em nosso meio vem aumentando, causando preocupa¢do nos
especialistas. Acredita-se atualmente que as lesdes causadas pela Neuromielite Optica sejam resultadas de
uma agressdo de um anticorpo contra o préprio organismo, gerando os surtos e a piora da doenga. Este
processo de auto-agressdo, por que ele ocorre e quais células de defesa estdo alteradas, é pouco
compreendido. Por esta razdo, estamos realizando este trabalho de pesquisa, para estudar que células estdo
envolvidas e por qué este auto anticorpo se forma, estudando o processo inflamatério no liquor e sangue dos
pacientes que aceitarem a participagdo. Os resultados podem ajudar na criagdo futura de novos métodos
diagnésticos e tratamentos.

Os pacientes serdo estudados durante o acompanhamento normal que ja realiza no ambulatério de EM.

Procedimentos: O paciente durante procedimento diagnéstico no ambulatério de neurologia da UNICAMP /
HC serd perguntado da autorizagdo para coleta de 10ml do liquor (obtida pela puncdo lombar) e 10ml do
sangue para os estudos. N@o é necessdrio estar em jejum e nem interromper medica¢des utilizadas.

Risco e Desconforto: A coleta do liquor serd realizada nas costas (regido lombar). A dor que acompanha a

puncao lombar € semelhante aquela da coleta de sangue. O desconforto serd minimo, pois serd realizada com
anestesia local por profissional treinado e devidamente habilitado para a realizacdo de pun¢@o lombar. Apds
submeter-se a pun¢do lombar, o paciente deverd permanecer em repouso em casa, por 24 horas, e aumentar a
ingestdo de liquidos. Este repouso é importante para evitar dor de cabeca apds a puncdo, impossibilitando a
realizagdo das atividades habituais. Se houver dor, mesmo com o repouso, o paciente deverd permanecer por
mais alguns dias sem atividades e ingerir a medicag@o prescrita pelo seu médico. Este tipo de dor de cabeca
ndo traz qualquer prejuizo ao paciente, mas necessita de repouso para desaparecer.

A coleta do liquor por utilizar agulha apresenta os riscos inerentes ao procedimento. Sao descritas, raramente,
intercorréncias da pun¢do, como dorméncias transitdrias, dor local e infeccdo. Entretanto, a incidéncia destas
complicacdes € baixa . O material é descartdvel e as agulhas atuais (modelo 22Gx 3.5 = 70x7) sdo mais finas
e de excelente qualidade. Caso ocorra qualquer desconforto ap6s o procedimento, o paciente devera contatar a
equipe de atendimento do HC - UNICAMP e a equipe de pesquisa, que orientardo as medidas a serem

tomadas para aliviar os sintomas, sem nenhum custo.

Beneficios: Melhor entendimento da Neuromielite Optica para ajudar na criagio futura de novos métodos
diagndsticos e terapéuticos. Nao existe beneficio imediato para o paciente.

Esclarecimento: Todas as diividas e perguntas do paciente quanto aos assuntos relacionados com a pesquisa e
o tratamento serdo esclarecidas pelos pesquisadores.

129



Recusa ou descontinuacdo da participagdo: Durante o decorrer do estudo informaremos ao paciente o
andamento da pesquisa, podendo este deixar de participar da pesquisa a qualquer momento, sem prejuizo no
atendimento que recebe pelo HC — UNICAMP, caso decida ndo colaborar com a equipe, pois a participagao
do paciente é voluntaria.

Sigilo: As informagdes recebidas durante e depois do estudo e a privacidade dos pacientes serdo mantidas em
sigilo. Os resultados serdo sempre analisados em grupo, estatisticamente, ndao sendo possivel identificar de
forma individual qualquer paciente. Caso tenha alguma ddvida deverd procurar a Dr. Felipe von Glehn no

telefone (19) 3521-6263, (19) 9769-0777

Gastos adicionais: Se houverem gastos adicionais (seringas, agulhas descartdveis, material de curativo...) estes
serdo absorvidos pelo orcamento da pesquisa.

Armazenamento de Material Bioldgico: Apds o estudo realizado, geralmente sobra alguma quantidade de

liquor e soro, que tem a capacidade de ser avaliada em novas pesquisas futuras, sem a necessidade de realizar

procedimentos de puncio, com todos os seus riscos e desconfortos. Eu [JO autorizo [JO nao autorizo o

estoque de meu material biolégico para estudos futuros aprovados pelo Comité de Etica da UNICAMP.

Eu confirmo que Felipe von Glehn me explicou o objetivo do estudo, os procedimentos aos quais serei
submetido e os riscos, desconforto e possiveis vantagens advindas desse projeto de pesquisa. Eu li, e/ou me
foi explicado, assim como compreendi e recebi uma cépia deste formulario de consentimento e estou de pleno
acordo em participar do estudo.

Paciente ou Responsavel: Idade:
RG:

Endereco:

Assinatura :

Responsabilidade do pesquisador. Eu expliquei a o objetivo do
estudo, os procedimentos requeridos e os possiveis riscos e vantagens que poderdo advir do estudo, usando o
melhor do meu conhecimento. Eu me comprometo a fornecer uma cépia desse formulario de consentimento
ao participante ou responsavel.

Felipe von Glehn CRM-SP: 114233
Email.: fglehn @terra.com.br Tel.: (19) 9769-0777 / 3521-7754

Outros Membros da Equipe:

1) Carlos Otavio Brandao - Tel:(19) 3521-7754 2) Benito Damasceno - Tel:(19) 3521-7754
3) Leonilda dos Santos - Tel:(19) 3521-6263 4) Augusto César Penalva de Oliveira

5) Comité de Etica em Pesquisa Tel:(19) 3521-8936

Email.: cep@fcm.unicamp.br
Rua Tessdlia Vieira de Camargo, 126 — Caixa Postal 6111
13083-887 Campinas-SP

Qualquer intercorréncias médicas, ligar para qualquer um dos membros da equipe.
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