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Abstract
Background BAFF (B-cell activating factor of the tumor
necrosis factor family) and APRIL (a proliferation-inducing
ligand) are two of the major survival factors for B cells. Many
studies have shown that BAFF levels were elevated in MS
patients. However, whether the levels of CSF BAFF/APRIL
increased in NMO patients was still unclear.
Objective To measure the CSF BAFF and APRIL concen-
tration of in NMO patients, and explore their relationship
with disease activity in NMO.
Methods CSF BAFF and APRIL was measured by an
enzyme-linked immunosorbent assay (ELISA) in NMO
(n022), MS (n018) patients and controls (n014).
Results Concentration of BAFF and APRIL in NMO
patients were significantly higher than MS and controls.
CSF BAFF and APRIL levels in controls were also lower
than MS. Both NMO and MS revealed an increased disease
disability with increased CSF BAFF. CSF APRIL was asso-
ciated with EDSS scores in NMO, but not found in MS.
Conclusions BAFF/APRIL system considered important for
aggressive B cells and T-cell responses, and may stimulates B
cells and Tcell activation in acute relapse of NMO andMS. In

NMO patients, CSF BAFF and APRIL may be key factors of
B cell immune response and reflect disease severity.
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Introduction

Neuromyelitis optica (NMO) and multiple sclerosis (MS) are
autoimmune inflammatory demyelinating disease in the central
nervous system (CNS). Most NMO and MS patients are char-
acterized as relapsing-remitting course [1–3]. NMO was once
considered to be an optic-spinal form ofMS.Until 2004, serum
anti-aquaporin 4 antibodies (AQP4-Ab) were suggested to be a
specific biomarker of NMO, distinguishing from MS [2].

Oligoclonal immunoglobulin bands (OCBs) in cerebral spi-
nal fluid (CSF) suggested that B cells play an important role in
the MS pathogenesis [4–6]. Similarly, AQP4-Ab was believed
to have a central pathogenetic role in neuromyelitis optica
(NMO) which indicate NMO may be adisease mediated by
humoral immunity [7, 8]. BAFF (B-cell activating factor of the
tumor necrosis factor family) and APRIL (a proliferation-
inducing ligand) are two of the major survival factors for B
cells. BAFF/APRIL regulates B cell survival, differentiation
and class switching. BAFF/APRIL system determines the size
of the peripheral B cell pool [9, 10]. High serum BAFF levels
have been reported in several autoimmune diseases [7, 11]. In
human brain, BAFF is mainly produced by astrocytes in CNS
[12]. BAFF/APRIL mRNA expression is increased in MS
patients' peripheral blood [13]. Many studies have shown that
BAFF levels in untreated MS patients were no significant
higher than controls, and elevated in patients treated with
interferon-beta (IFN-β) [14, 15]. However, in acute relapse
of NMO and MS, whether CSF BAFF/APRIL was increased
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in NMO patients or MS patients who did not receive IFN-β
treatment were still unclear.

In this study, we evaluate the CSF levels of BAFF and
APRIL in NMO and MS patients and explore their relation-
ship with disease activity in those diseases.

Subjects and Methods

Patients and Controls

Twenty-two NMO patients based on the 2006 Wingerchuk
diagnostic criteria 2006 [16] and 18 relapsing–remitting MS

(RRMS) patients fulfilling 2010 McDonald’s diagnostic
criteria [3, 17] from Demyelinating Disease Database of
Neurology Department of the Third Affiliated Hospital of
Sun yat-sen University were enrolled. Patients enrolled from
the database were diagnosed by two specialized neurolo-
gists. All samples were taken during relapse phase before
treatment. A clinical relapse was defined as a sudden ap-
pearance of new symptoms, lasting for at least 24 h, with an
increase of EDSS over 1.0 before sampling. Patients were
not receiving IFN-β or any other immunomodulatory ther-
apies during remission. 14 controls with noninflammatory
neurological diseases (amyotrophic lateral sclerosis n02,
multiple system atrophy n03, sciatica n04, and cervical
spondylosis n05) were recruited. Demographic and clinical
features of the patients are shown in Table I. There was no
significant difference in age and gender between the groups.
Indirect immunofluorescence test systems for human AQP4-
Ab detection from EUROIMMUN (EUROIMMUN Medi-
zinische Labordiagnostika, Lübeck, Germany) were used.
AQP4-Ab was assessed following the manufacturer’s
instructions.

Enzyme-linked Immunosorbentassay (ELISA)

CSF samples were obtained during diagnostic lumbar punc-
tures. All samples were processed within 30 min of with-
drawal and stored at −80°C until assay. Enzyme-linked
immunosorbent assay was used to quantify BAFF (R&D
Systems, Minneapolis, USA) and APRIL (Bender MedSys-
tems, Vienna, Austria) in CSF, according to manufacturer's

Table I Demographic and clinical features of the patients and controls

NMO(n022) MS(n018) Controls
(n014)

Gender, female/male 16/6 11/7 8/6

Age(years) 35.5(11–61) 35.5 (15–52) 30(20–61)

Onset age(years) 32.0(7–59) 30.0(13–48 N/A

Disease duration(years) 3.0 (2–14) 4.0(3–14) N/A

EDSS 3.5(1.0–8.5) 2.75 (1.0–9.5) N/A

Annualized relapse rate 1.00(0.40–2.00) 0.50 (0.20–1.00) N/A

Age (years) refers to age at sampling time point

Disease duration (years) refers to years from disease onset to sampling

EDSS expanded disability status scale, MS multiple sclerosis, N/A not
available

MS, multiple sclerosis; NMO, Neuromyelitis optica

Fig. 1 The levels of CSF BAFF and APRIL were shown. BAFF levels
were higher in the inflammatory demyelinating diseases cohort com-
pared with the controls (NMO versus controls, p<0.001; MS versus
controls, p00.018). When comparing BAFF within subgroups of in-
flammatory demyelinating diseases, the levels of BAFF were much

higher in NMO compared with MS (NMO versus MS, p00.001). CSF
APRIL levels in NMO patients were significantly higher than those in
MS (NMO versus MS, p00.011) and controls (NMO versus controls, p
<0.001). CSF APRIL levels in controls were lower than MS (MS
versus controls, p00.027)
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instructions. The minimal detectable doses were 3.4 pg/ml
for BAFF and 400 pg/ml for APRIL. CSF samples were
analyzed at a dilution of 1:2, and added in duplicate.

Statistical Analysis

The data were presented as mean±1 standard deviation (CSF
BAFF, APRIL and EDSS score) or median with range (age,
onset age,disease duration, EDSS score). Differences in levels
of CSF BAFF and APRIL between different subgroups were
analyzed using Mann-Whitney U test. Correlations between
CSF BAFF, APRIL and EDSS score were analyzed using
Spearman’s rank test. P value <0.05 was considered statisti-
cally significant. All statistical analysis was performed using
SPSS 16.0 (SPSS Inc, Chicago, IL, USA) for windows.

Result

CSF BAFF/APRIL in NMO, MS, Controls

As shown Fig. 1, the concentration of BAFF and APRIL
was determined in cell-free CSF from NMO (n022), MS

(n018) patients and controls (n014) using ELISA. Mean
BAFF was 500.06±387.97 pg/ml for NMO, and 221.60±
126.23 pg/ml for MS, compared to 151.88±92.62 pg/ml for
controls. BAFF levels were higher in the inflammatory
demyelinating diseases cohort compared with the controls

Fig. 2 Both NMO and MS revealed a trend to an increased disease disability with increased CSF BAFF (NMO: p00.008; MS: p00.013). CSF
APRIL was associated with EDSS scores in NMO (p00.003), but not found in MS (p00.650)

Table II Correlations between BAFF/APRIL and CSF routine

Correlation R value P value

NMO

BAFF and CSF TP 0.187 0.405

BAFF and CSF WBC 0.583 0.004

APRIL and CSF TP 0.532 0.012

APRIL and CSF WBC 0.336 0.126

MS

BAFF and CSF TP 0.026 0.919

BAFF and CSF WBC -0.249 0.320

APRIL and CSF TP 0.414 0.880

APRIL and CSF WBC -0.113 0.656

APRIL a proliferation-inducing ligand, BAFF B-cell activating factor
of the tumor necrosis factor family, CSF cerebrospinal fluid, MS
multiple sclerosis, NMO neuromyelitis optica, TP total protein, WBC
white blood cells
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(NMO versus controls, p<0.001; MS versus controls, p0
0.018). When comparing BAFF within subgroups of inflam-
matory demyelinating diseases, the levels of BAFF were
much higher in NMO compared with MS (NMO versus
MS, p00.001).

Mean concentration of APRIL was 2955.40±1488.51 pg/
ml for NMO, 1747.49±1314.29 pg/ml for MS, and 995.90±
486.30 pg/ml for controls. CSFAPRIL levels in NMO patients
were significantly higher than those in MS (NMO versus MS,
p00.011) and controls (NMO versus controls, p<0.001). CSF
APRIL levels in controls were lower than MS (MS versus
controls, p00.027).

CSF BAFF/APRIL and EDSS Score

As shown Fig. 2, EDSS scores of all 22 NMO patients and
18 MS patients were reviewed. The median EDSS score was
3.5(1.0–8.5) in NMO and 2.75 (1.0–9.5) in MS subgroup.
Both subgroups revealed a trend to an increased disease
disability with increased CSF BAFF (NMO: p00.008;
MS: p00.013). CSF APRIL was associated with EDSS
scores in NMO (p00.003), but not found in MS (p00.650).

CSF BAFF/APRIL and CSF Routine

Mean CSF WBC (white blood cells) (106/L) of NMO
patients was 6.32±9.81 and 5.00±8.51 in MS subgroup.
Mean CSF TP (total protein) (g/L) was 0.25±0.16 for
NMO and 0.19±0.11 for MS. In NMO subgroup, BAFF
concentrations were associated with CSF WBC (p00.004),
and APRIL concentrations had a significantly positive cor-
relation with CSF WBC counting (p00.012) (Table II).

Discussion

In this case-control study, we confirmed that CSF BAFF and
APRIL were increased in NMO and MS, and CSF BAFF
had a borderline significant correlation with EDSS scores.
CSF APRIL was positive associated with EDSS scores in
NMO, but not in MS.

The BAFF/APRIL system was identified almost a decade
ago [18]. This system comprises three ligands (BAFF,
APRIL, TWE-PRIL), and three signalling receptors
(BAFF-R, TACI, BCMA). Studies of BAFF, APRIL and
their receptors have highlighted the importance of this li-
gand/receptor system in regulating B cell homeostasis and
tolerance. BAFF/APRIL system is also expressed in activat-
ed T cells [19, 20]. In many systemic autoimmune diseases,
including rheumatoid arthritis [11], systemic lupus erythe-
matosus [21] and Sjogren’s [22] are associated with higher
than normal serum BAFF levels. Previous study shows an
increase in BAFF levels in MS patients treated with IFN-β

or GA [7, 23]. However, whether the levels of CSF BAFF/
APRIL were increased in NMO patients was still unclear.
Our results demonstrate that both BAFF and APRIL protein
levels are significantly higher in NMO and MS in acute
relapse. In acute relapse, T and B cells were activated.
BAFF/APRIL system may participate in this process.
Higher BAFF and APRIL expression, possibly facilitate B
and T cell responses [18]. In the some research, the inves-
tigators reported elevated CSF levels of BAFF in MS
patients [7]. However, In NMO, there were notable higher
BAFF and APRIL in CSF and positive associated with
EDSS score. AQP4 is expressed in astrocytes and BAFF is
mainly produced by astrocytes in CNS. This result may
show astrocyte activation and damage in NMO [7]. On the
other hand, It is plausible that more severe inflammation is
involved in pathogenetic mechanisms of NMO, especially
the humoral immunity mediated by B cell immune response.
Activated BAFF/APRIL system may accelerate the AQP4-
Ab production.

Taken together, these data could suggest that BAFF/
APRIL system considered important for aggressive B cells
and T-cell responses, and may stimulates B cells and T cell
activation in acute relapse of NMO and MS. In NMO
patients, CSF BAFF and APRIL may be key factors of B
cell immune response and reflect disease severity.
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