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Abstract

Background:  There  is  increasing  evidence  supporting  that  neuromyelitis  optica  (NMO)  is an
inflammatory humoral  mediated  disorder  associated  with  NMO-IgG/AQP-4  antibodies.  However,
little is known  about  the  subsets  of  B  cells  and  T cells  that  contribute  to  the  pathogenesis  or
therapy  response.
Objectives:  To  describe  the  clinical  and  immunological  changes  associated  with  intravenous
immunoglobulins  (IV-Igs)  plus rituximab  (RTX)  in a  patient  with  a  severe  acute  attack  of  NMO
and intrathecal  synthesis  of  NMO-IgG/AQP-4,  who  previously  did not  respond  to  intravenous
methylprednisolone  and  plasma  exchange.
Methods:  We  sequentially  analysed  the  levels  of  NMO-IgG/AQP-4  by  immunohistochemistry,
and B  and  T cells  subsets  by  multiparametric  flow-cytometry,  in the  CSF  and  peripheral  blood
(PB), before  and after  IV-Igs  plus  RTX  therapy.
Results:  In  the  CSF  before  treatment,  and  compared  to  PB, there  was  a  higher  percentage
of CD4+ T  cells  and  a lower  percentage  of  CD8+ T  cells  and  CD19+ B cells.  After  therapy,  the
percentage  of  CD4+ T  cells  remained  high,  and  that  of  CD8+ T  cells  increased.  The  observed
decrease in the  percentage  of  CD19+ B cells  was  lower  than  in the  PB.  When  the  CSF  was
compared,  it  was  found  that  the percentage  of  effector-memory  and  effector  CD8+ T  cells  had
increased  after  therapy,  and  that  of  IgM  memory  B cells  and  switched-memory  B  cells  decreased.
The observed  changes  paralleled  the  decrease  of NMO-IgG/AQP-4  results  to  negative  and the
clinical improvement.
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2173-5808/$  – see  front  matter  © 2013  Sociedad  Española  de Neurología.  Published  by Elsevier  España,  S.L.U.  All rights  reserved.

dx.doi.org/10.1016/j.nrleng.2013.12.013
http://www.elsevier.es/neurologia
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nrleng.2013.12.013&domain=pdf
mailto:claradeandres@hotmail.com


Changes  in  B  and T-cell  subsets  and NMO-IgG/AQP-4  levels  after  immunoglobulins  and rituximab  treatment  277

Conclusions:  Our  findings  confirm  that,  besides  intrathecal  humoral  immune  response  against
AQP4, B and  T  cell  subsets  are involved  in the  modulation  of  inflammation  within  and  outside
the central  nervous  system.
©  2013  Sociedad  Española  de Neurología.  Published  by  Elsevier  España,  S.L.U.  All  rights
reserved.
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Cambios  en  las  subpoblaciones  de linfocitos  B y T  en  el título  de  anticuerpos

anti-acuaporina-4  tras el  tratamiento  de  un  brote  agudo  con  inmunoglobulinas  y

rituximab

Resumen

Antecedentes:  La  neuromielitis  óptica  (NMO)  es  una  enfermedad  predominantemente  humoral
mediada por  anticuerpos  IgG-NMO/AQP-4.  Sin  embargo,  no  se  conoce  bien  la  contribución  de las
diferentes  subpoblaciones  de células  B y  T  en  su  patogenia  o en  la  respuesta  a  los tratamientos.
Objetivos:  Describir  los  cambios  clínicos  e inmunológicos  asociados  al  tratamiento  con
inmunoglobulinas  intravenosas  (Ig-IV)  y  rituximab  (RTX)  en  una  paciente  con  un  brote  grave
de NMO  y  síntesis  intratecal  de  IgG-NMO/AQP-4  que  no  había  respondido  a  metilprednisolona  y
recambio plasmático.
Métodos:  Se  analizaron,  de forma  secuencial  en  el LCR  y  en  la  sangre  periférica  (SP),  las
subpoblaciones linfocitarias  mediante  citometría  de  flujo  multiparamétrica  y  los IgG-NMO/AQP-
4, antes  y  después  del tratamiento  con  Ig-IV  y  RTX.
Resultados:  En  el LCR  antes  del  tratamiento,  y  comparado  con  la  SP,  predominaban  las  células  T
CD4+ y estaban  menos  representadas  las  T CD8+ y  las B  CD19+. Tras  el tratamiento,  el  porcentaje
de células  T CD4+ se mantuvo  alto,  el  de T  CD8+ aumentó  y  el  de  B CD19+ disminuyó,  aunque
menos que  en  la  SP.  Al comparar  los  LCR  se  vio  que  tras  la  terapia  el  porcentaje  de  células
T CD8+ memoria  efectoras  y  efectoras  había  aumentado,  y  el  de células  B  memoria  IgM  y  el
de células  B con  cambio  de  isotipos,  disminuido.  Los  cambios  observados  fueron  paralelos  a  la
negativización  de  los  IgG-NMO/AQP-4  y  a  la  mejoría  clínica.
Conclusiones:  Nuestros  hallazgos  confirman  que,  además  de  una respuesta  inmunitaria  humoral
intratecal  durante  el brote  de NMO,  subpoblaciones  específicas  de  células  B y  T participan  en
la modulación  de  la  inflamación  dentro  y  fuera  del  sistema  nervioso  central.
© 2013  Sociedad  Española  de Neurología.  Publicado  por Elsevier  España,  S.L.U.  Todos  los dere-
chos reservados.

Introduction

Neuromyelitis  optica  (NMO)  is  an inflammatory  demyelinat-
ing  disease  of  the  CNS affecting  the optic  nerve  and  the
spinal  cord.  The  course  of  the disease  is  usually  marked
by  relapses,  and  the  rapid  disability  it produces  is  asso-
ciated  with  high  rates  of early  mortality.1,2 Most  patients
with  NMO  present  autoantibodies,  NMO-IgG/AQP-4,  which
bind  to  a  water  channel, aquaporin-4  (AQP-4),  a  component
mainly  expressed  in astrocyte  endfeet.1—5 Findings  from  sev-
eral  studies  support  the  pathogenic  role  of NMO-IgG/AQP-4,
involving  selective  loss  of  AQP-4  in CNS lesions,6 a correla-
tion  between  AQP4  antibody  titres  and disease  activity,7,8

and  induction  of  NMO-like  histopathology  in  animal  models
by  passive  transfer  of  antibodies  from  humans  with  NMO.1 B
cells  and  humoral  immune  response  are believed  to  play  a
prominent  role  in NMO  since  patients  with  this  disease  show
increased  CSF  and  serum  levels  of  cytokines  promoting  B-
cell  activation  and  antibody  production,  including  BAFF  and
interleukin-6.9,10 This  is  important  because,  after  crossing
the blood-brain  barrier, memory  B  cells  are re-stimulated
in  the  CNS  due  to  their  affinity  for  the antigen.  They  then
mature,  undergo  clonal  expansion,  and  differentiate  into
antibody-secreting  plasma  cells.11

There  is  no  current  consensus  on  treatment  for  patients
with  severe  NMO  relapses  who  do not respond  to  con-
ventional  treatments,  which  include  cycles of  intravenous
methylprednisolone  (IVMP)  and plasma  exchange  (PE).
We  present  the case  of  a  patient  with  a  severe  NMO
relapse  and intrathecal  synthesis  of  NMO-IgG/AQP-4  who
did  not  respond  to  treatment  with  IVMP  and  PE.  Nev-
ertheless,  our  patient  responded  well  to  treatment  with
intravenous  immunoglobulins  (IVIg)  and  rituximab  (RTX).  We
also  describe  the  changes  in  B and  T  cell subsets  and  NMO-
IgG/AQP4  antibody  titres  in CSF  and peripheral  blood  (PB)
after  treatment.

Clinical  case

Our  patient,  a  17-year-old  female,  was  evaluated  in another
centre  on  28  September  2009  after  presenting  subacute
vision  loss  in the  right  eye  progressing  to  complete  blind-
ness.  Results  from  brain  and  spinal  cord  MRI  scans  were
normal.  We  ruled  out  potential  infectious  and autoimmune
causes  of her clinical  symptoms.  The  patient  recovered
visual  acuity  in 3  weeks  after  treatment  with  IVMP  1 g/day
for  7  days  followed  by  progressively  lower  doses  of  oral
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prednisone.  One  month  later,  she  presented  vomiting  and
painful  dysaesthesia  in the feet, followed  by  progressive
symptoms  of  transverse  myelitis  with  quadriplegia  and a
C2  sensory  level,  in  addition  to  left eye  pain.  The  patient
was  admitted  to  the  ICU  on  27  November  2009  due  to
respiratory  complications,  hypotonic  voice,  and  severe  dis-
ability  (level  9.0)  according  to  Kurtzke’s  Expanded  Disability
Status  Scale  (EDSS).12 We  performed  a  complete  blood
count,  liver  function  test,  hepatitis  serology  test,  tuberculin
skin  test,  microbiology  test,  electrocardiogram,  echocar-
diogram,  and tests  for  electrolytes,  blood  urea  nitrogen,
creatinine,  autoimmune  disease  antibodies,  and  tumour
markers.  Results  from  all  tests  were  normal.  Results  from  the
brain  and  spinal  cord  MRI  scans  were  normal  except  for  an
area  of  gadolinium  uptake  in the left  optic  nerve  and  a  large
gadolinium-enhanced  oedematous  lesion  extending  from  C1
to  T10  (Fig.  1).  A  CSF test  showed 53  lymphocytes/mm3,  a
protein  level  of 62  mg/dL,  and  an IgG  index  of  0.84  (ref-
erence  value  < 0.70).  Immunohistochemistry13,14 revealed
presence  of  NMO-IgG/AQP-4  in serum  (titre  1:2000)  and CSF
(titre  1:128),  and  intrathecal  synthesis  of  NMO-IgG/AQP-4.
Our  patient  was  treated  with  IVMP  1 g/day  for 5 days  with
no  signs  of  improvement,  followed  by  a  dose  of  500  mg/day
for  5  days  and  PE for  5 consecutive  days.  Two  days  after
the  last  PE  session,  respiratory  symptoms  improved  some-
what  and  the  patient  was  able  to  move  the  fingers  of  her
left  hand  slightly.  An  additional  lumbar  puncture  (9 Decem-
ber  2009)  yielded  43  lymphocytes/mm3,  a protein  level  of
28  mg/dL,  and an IgG  index  of  1.48.  NMO-IgG/AQP-4  findings
were  still positive  in CSF  (titre  1:2),  but  negative  in serum.
Our  patient  was  treated  with  IVIg  and  RTX  due  to serum
hypogammaglobulinaemia  (which  may  have been  linked  to
previous  PE  treatment)  and  her  critical  condition.  IVIg  has
been  shown  to be  effective  in some  cases  of NMO.15 Treat-
ment  started  on  11 December  2009  at a dose of 400 mg/kg
for  5  consecutive  days; 72  hours  after  the  last  dose she  was
administered  RTX  375 mg/m2 per  week  for  2  weeks.  On 29
December  2009  another  lumbar  puncture  was  performed,
showing  15  lymphocytes/mm3, a protein  level  of  31  mg/dL,
and  an  IgG  index  of  0.48.  NMO-IgG/AQP-4  findings  were  neg-
ative  in  both  serum  and  CSF.  Results  from  another  brain  MRI
scan,  including  an optic  nerve  study,  were  normal.  A spinal
cord  MRI  scan  displayed  continuous  spinal  cord  thinning
from  C1  to  T10  with  no  gadolinium  uptake.  The  patient  had
improved  and  was  able  to walk  short  distances  with  crutches
(EDSS  level  6.5).  She  experienced  marked  and  progressive
improvements  over a  2-month  period;  4  months  later,  results
from  the  neurological  examination  were  normal.  A follow-
up  spinal  cord  MRI test  showed  no  hyperintensities  in fat
suppression  sequences  (STIR)  and  a more  pronounced  spinal
cord  thinning  (Fig.  2). Since  then,  the  patient  has  received  2
RTX  cycles  per  year  to prevent  relapses.  She  has experienced
no  further  episodes  and neurological  examinations  yield  nor-
mal  results;  serum  remains  positive  for NMO-IgG/AQP-4,
although  at a low titre  (August  2013).

Methods

We  collected  CSF and  PB  samples  simultaneously  to  analyse
NMO-IgG/AQP-4  levels  using  immunohistochemical  methods.

Figure  1 MRI  scan  at  the  time  of  admission.  (A)  Spinal
cord MRI,  sagittal  fat  suppression  sequence  (STIR),  showing
increased diffuse  signal  intensity  extending  along  the  spinal
cord. (B)  Sagittal  T1-weighted  sequence  displaying  patchy  con-
trast enhancement  along  the  spinal  cord  and  hypointensities
suggesting  necrotic  lesions  in the  central  region  of  the  spinal
cord.  (C)  Axial  T2-weighted  sequence  showing  the  central
location  of  the  lesion.  (D)  Coronal  T1-weighted  sequence  revea-
ling marked  gadolinium  enhancement  in the  left  optic  nerve
(arrow).

B and  T cell  subsets  were  analysed  using  multiparametric
flow-cytometry,  as  described  in previous  studies.16—18

Results

Percentage  of B  and T cell  subsets

Before IVIg  and RTX  treatment:  levels  of CD4+ T cells  were
higher  in CSF  than  in PB (66.56%  vs  44.80%),  whereas  lev-
els  of CD8+ T  cells  and  CD19+ B cells  were  lower  (16.35%  vs
24.87%,  and  10.27%  vs  22%,  respectively).  The  percentages
of  memory  B cells  (CD19+,  CD27+,  IgD+;  2.65%  vs  3.47%)  and



Changes  in  B  and T-cell  subsets  and NMO-IgG/AQP-4  levels  after  immunoglobulins  and rituximab  treatment  279

Figure  2  Follow-up  spinal  cord  MRI  scan.  (A)  Sagittal  T1-
weighted  sequence  showing  spinal  cord  thinning.  (B)  Sagittal  fat
suppression  sequence  (STIR):  spinal  cord  hyperintensities  have
disappeared.

class-switched  B cells  (CD19+,  CD27+,  IgD−; 3.07%  vs  7.05%)
were  also  lower  in CSF.  On the other  hand,  the percentages
of  CD8+ effector  memory  T cells (CD45RA−,  CCR7 −; 8.80%  vs
3.31%)  and  effector  T  cells  (CD45RA+, CCR7−)  were  higher  in
CSF  than  in  PB  (Table 1). CSF  also  showed  higher  percentages
of  CD4+ regulatory  T cells  (CD4+,  CD25hi+,  and CD4+, CD25+,
Foxp3+; 2.25%  vs  0.40%,  and  3.25%  vs.  0.12%,  respectively)
and  regulatory/suppressor  T  cells  (CD8+, CD25+,  CD28−;
5.56%  vs  2.40%).  NMO-IgG  antibodies  were  found  in CSF  (titre
1:2),  but  not  in serum  (Table  1).

After  IVIg and  RTX  treatment:  the  percentage  of  CD4+

T cells  was  higher  in CSF  than  in PB  (54.17%  vs  51.27%);
CD8+ levels  had  increased  (50.72%  vs  22.27%)  whereas  CD19+

levels  had  decreased  (2.97%  vs  <1%)  (Table  1).  Comparing
results  from  CSF samples  taken  before  and  after  treatment
showed  decreased  percentages  of  both  memory  B  cells  (98%
of  IgM;  2.65%  vs  0.91%)  and class-switched  B cells  (3.07%  vs

1.65%).  On  the other  hand,  the percentage  of CD8+ effec-
tor  memory  T  cells  (CD45RA−,  CCR7−;  8.80%  to  19.11%)
and  effector  T  cells  (CD45RA+, CCR7−;  4.02%  vs  7.55%)  had
increased  after  treatment  (Table  1,  Figs.  3  and  4). We
also  compared  the results  of PB samples  taken  before  and
after  treatment  and  found  lower  percentages  of memory  B
cells  (3.47%  vs  0.03%)  and  class-switched  B cells  (7.05%  vs
0.43%)  after  treatment.  Furthermore,  unlike  in CSF samples,
there  were also  reductions  in percentages  of CD8+ effec-
tor  memory  T  cells  (CD45RA−,  CCR7−;  3.31%  vs  0.14%)  and
effector  T  cells  (CD45RA+,  CCR7−; 1.59%  vs  0.20%)  (Table 1,
Figs.  3  and  4).  NMO-IgG/AQP-4  findings  were  negative  in  both
serum  and  CSF (Table  1).

Discussion

Standard  treatment  for  NMO  relapses  usually  requires  high
doses  of  IVMP.  When  patients  do not respond  as  expected,
PE  has  been  shown  to  be a  safe  alternative  in 50%  to  75%
of  all  cases.1,19—21 However,  no  randomised  controlled  tri-
als  have  been conducted  to  evaluate  preventive  treatments
for  NMO relapses.  Current  treatment  options  are based  on
small  observational  studies  using  such  immunosuppressants
as  azathioprine,  mitoxantrone,  mycophenolate  mofetil,  and
more  recently,  rituximab.1

In this study,  we  present  the case  of  an adolescent  girl
who  experienced  a  severe  NMO relapse  shortly after NMO
onset.  She presented  intrathecal  synthesis  of  NMO-IgG/AQP-
4 and  did not  respond  to  treatment  with  IVMP  and PE.
We  decided  to  treat  the patient  with  IVIg  and  RTX  due  to
lack  of improvement  and  the presence  of  NMO-IgG/AQP-4
in  CSF  despite  previous  PE  treatment.  IVIg  inhibits  B cell-
mediated  antigen  presentation  and  T cell  proliferation.22

RTX  is  a  monoclonal  anti-CD20  B cell antibody  that  targets
the  CD20  marker  and induces  depletion  of  CD20+ B  cells,
including  pre-B  cells,  naive  B cells,  and memory  B  cells.9

Both  drugs  have  been  shown  to be effective  for  preventing
NMO  relapses.1,9,15,23

Before  our  patient  underwent  treatment  with  IVIg  and
RTX,  CSF samples  showed  a  high  percentage  of B cells  and

Table  1  Changes  in  the  percentages  of T and B cells  and  in  NMO-IgG/AQP-4  titres  in CSF  and  PB before  and  after  treatment
with intravenous  immunoglobulins  and  rituximab.

Before  IVIg  +  RTX
(9  December  2009)

After  IVIg  +  RTX
(29 December  2009)

CSF  PB  CSF  PB

CD4+ T  cells  66.56  44.80  54.17  51.27
CD8+ T  cells  16.35  24.87  50.72  22.27
CD45RA−,  CCR7− 8.80  3.31  19.11  0.14
D19+,  CD27+, IgD− 4.02  1.59  7.55  0.2
CD19+ B  cells  10.27  22.00  2.97  <1
CD19+,  CD27+,  IgD+ 2.65  3.47  0.91  0.03
D19+,  CD27+, IgD− 3.07  7.05  1.65  0.43
NMO-IgG/AQP-4a +(1:2)  —  —  —
EDSS 9.0  6.5

Data are expressed as percentages of the total lymphocyte count.
EDSS: expanded disability status scale; IVIg: intravenous immunoglobulins; CSF: cerebrospinal fluid; PB: peripheral blood; RTX: rituximab.

a Screening dilution for serum, 1:250; for CSF, 1:1.
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Figure  3  Distribution  of  CD8+ T  cell subsets  in  CSF  and  peripheral  blood  before  and  after  treatment  with  intravenous  immunoglob-
ulins (IVIg)  and  rituximab  (RTX).  Quadrant  numbers  show  percentages  of  the  total  lymphocyte  count.

recruitment  of  memory  B cells  (predominantly  IgM)  and
class-switched  B cells. This  finding,  in  conjunction  with
intrathecal  synthesis  of NMO-IgG/AQP-4,  may  confirm  the
role  played  by  humoral  immune  response  in  NMO.1,24 We
now  know  that  recruitment  of  class-switched  B cells  is
largely  responsible  for  accumulation  of  memory  B cells in
CSF  during  neuroinflammation.25 Furthermore,  memory  B
cells  can  rapidly  differentiate  into  antibody-secreting  cells
after  antigen  recognition  and  contribution  by  T cells.26 We
observed  higher  percentages  of  CD8+ effector  memory  T
cells  and  effector  T cells  in  CSF than  in PB.  This  finding
has  never  been  described  in the literature.  The  reason  for
this  recruitment  is  not  clearly  understood.  It may  be due
to  chemokine  secretion  by  NMO-specific  B  cells  in the CNS,
which  leads  to  recruitment  from  PB,  activation,  and pro-
liferation  of  those  cells.  Alternatively,  those  cells  may  be
CD8+ regulatory/suppressor  T  cells,  which  may  help  resolve
the  inflammatory  process.25—27 In any  case,  their  presence
indicates  that  T cells  are  involved  in  the pathogenesis  of
NMO.28

After  treatment  with  IVIg  and  RTX,  as  was  expected,  we
found  that  CD19+ B cells,  memory  B cells,  and class-switched
B  cell  subtypes  were  considerably  depleted.  However,  per-
centages  were  still  higher  in CSF  than  in PB.  We  must  be

mindful  that  the analysis  was  performed  after the  patient
had  received  2  doses  of  RTX, and  that  complete  deple-
tion  is  usually  seen  after  4 doses.29,30 We  were  surprised
to  find  an increase  in  the  percentage  of  CD8+ T  cells  in
CSF,  since  these  cell  populations  normally  dwindle  in  mul-
tiple  sclerosis.31 However,  transient  increases  have  been
described  in other  autoimmune  diseases.32 We  did  not  eval-
uate  whether  CD8+ effector  memory  and  effector  T  cells
were  cytotoxic  or  regulatory  cells.  As a  result,  we  could
not  assess  their  role  in this  case.  According  to  some  stud-
ies,  NMO-IgG/AQP-4  titres  may  decrease  after  treatment
with  RTX9,33 and  memory  B cell  depletion  can  affect the
production  of  anti-AQP-4  antibodies  by  short-lived  plasma
cells.  In our  patient,  however,  antibodies  were  completely
depleted  while  memory  B cells  were still  present,  which
highlights  the complex  connection  between  B and T cell
subsets.  In  fact,  CD19+ B cell  or  CD27+ memory  cell  re-
emergence  in  PB  (which  usually  takes  place  at 6-9  months)
may  indicate  the  need  to administer  an additional  cycle  of
RTX.9,33 In  any  case,  immunological  changes  in  our  patient
were  parallel  to  rapid  and  marked  improvement  of  symp-
toms.  However,  the  potential  impact  of previous  treatment
with  IVMP  and  PE  on  these changes  is  difficult  to  deter-
mine.
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Figure  4  Changes  in memory  and  class-switched  B cell  subsets
in CSF  and  peripheral  blood  before  and  after  treatment  with
intravenous  immunoglobulins  and  rituximab.

In  conclusion,  our  findings  confirm  that  an intrathecal
humoral  immune  response  against  AQP-4  takes  place  during
NMO  relapses.  This  immune  response  is  antigen-induced  and
dependent  on B and  T cell subsets.  A better  understanding  of
NMO  pathophysiology  is  necessary  to  develop  more  precise
therapeutic  strategies  for  this  entity.
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