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Abstract 

Objective:  Neuromyelitis optica spectrum disorders (NMOSDs) are blindness-causing neuritis; their pathogenesis 
is still not fully elucidated. Although it has been determined that Bruton tyrosine kinase (BTK) and NF-κB are associ-
ated with NMOSD, the changes that occur in different periods remain unknown. The study aimed to demonstrate the 
changes in the BTK/NF-κB pathway and related chemokines in different stages of NMOSDs.

Methods:  A total of 32 patients with NMOSD were selected as the experimental group, and 32 healthy volunteers 
were included in the control group. In this study, the BTK/NF-κB pathway and related chemokines in the cerebrospinal 
fluid and peripheral blood samples of patients with NMOSD were analyzed in the acute or remission phase. 

Results:  BTK, NF-κB, PI3K, IKK, CXCL2, and CXCL12 levels in the NMOSD group in the acute or remission phase were 
significantly higher than those in the control group (p < 0.05).

Conclusion:  The BTK/NF-κB pathway plays a vital role in the progression of NMOSD pathology. Our results shed light 
on its important role as a therapeutic target for NMOSD.
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Introduction
Neuromyelitis optica spectrum disorders (NMOSDs) 
are autoimmune inflammatory demyelinating diseases 
related to humoral immunity in the central nervous sys-
tem (CNS) [1]. A specific antibody to astrocyte (AS), 
aquaporin-4 (AQP4), is detected in 60–80% of patients 
with NMOSD, which is a major differentiating fea-
ture that differentiates NMOSD from multiple sclerosis 
(MS). NMOSDs depend on complement and antibody-
mediated cytotoxicity for their pathogenesis [2]. These 

autoantibodies bind to AQP4 expressed by ASs and initi-
ate inflammatory cascades facilitating astrocyte necrosis.

Peripheral blood B lymphocytes produce AQP4 anti-
bodies (AQP4-Ab). These B lymphocytes activate cell 
cascade reactions via B-cell receptors (BCR) on the cell 
membrane and downstream signaling pathways, leading 
to cell proliferation and antibody production [3]. Bruton 
tyrosine kinase (BTK) is an essential kinase in the BCR 
signaling pathway [4]. It mediates multiple downstream 
signaling pathways, such as phosphatidylinositol 3-kinase 
(PI3K), inhibitor of nuclear factor kappa B Kinase (IKK), 
and nuclear factor kappa B (NF-κB), thereby participating 
in cell proliferation and differentiation [5]. BTK, PI3K, 
IKK, and NF-κB are the central hubs that connect pro-
inflammatory signaling pathways for survival, prolifera-
tion, and cytokine production. In autoimmune diseases, 
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such as systemic lupus erythematosus (SLE), rheuma-
toid arthritis (RA), MS, and MS animal models (e.g., 
EAE), targeted inhibition of BTK and PI3K significantly 
affects the production of cytokines and autoantibodies, 
which effectively inhibits CNS inflammation and disease 
progression [6, 7]. Inhibiting IKK can downregulate the 
expression of NF-κB and reduce the production of proin-
flammatory factors [8]. However, the molecular mecha-
nism of these kinases in NMOSDs remains unclear.

Chemokine ligand protein 12 (CXC-motif chemokine 
ligand 12, CXCL12) exhibits chemotactic activity for 
monocytes, neutrophils, and early B-cell precursors 
[9]. CXCL12 binds to CXC-motif chemokine receptor 4 
(CXCR4), which is located on the membranes of B lym-
phocytes, and possibly activates BTK and PI3K, medi-
ating the proliferation and adhesion of B lymphocytes. 
Chemokine ligand protein 2 (CXC-motif chemokine 
ligand 2, CXCL2) can also mediate innate cell immunity 
by interacting with chemokine ligand receptor 2 (CXC-
motif chemokine receptor 2, CXCR2) to promote the 
migration of neutrophils [10]. Further, CXCL2 can inter-
act with NF-κB and promote inflammation [11]. To date, 
no changes have been described for CXCL12 or CXCL2 
in NMOSD.

In this study, the expression of BTK, PI3K, IKK, and 
NF-kB as well as chemokines CXCL12 and CXCL2 in 
the peripheral blood samples of patients with NMOSD 
and healthy controls was investigated. We explored the 
changes and possible mechanisms of the NF-kB signaling 
pathway and related chemokines in the pathogenesis of 
NMOSDs.

Materials and methods
Patients and examinations
From January 2018 to January 2019, 32 patients with 
optic NMOSDs who were treated at the Department of 
Neurology in the Second Hospital of Hebei Medical Uni-
versity were selected and categorized into acute (24 cases 
with an average age of 40.29 ± 15.27  years) and remis-
sion (8 cases with an average age of 44.63 ± 12.37 years) 

phases. The study protocol has been approved by the eth-
ics committee of the Second Hospital of Hebei Medical 
University. Patients in the acute phase met the following 
criteria: ① the presence of new neurological symptoms 
and signs with a duration of > 24  h without remission, 
and the score of the Expanded Disability Status Scale 
(EDSS) was increased by ≥ 1 point; ② before the blood 
sample collection (< 24  h), no immunosuppression or 
immunomodulation treatment was performed; and ③ 
the absence of other infectious or autoimmune diseases. 
Patients in the remission phase met the following crite-
ria: ① no new neurological symptoms or signs appeared 
before the blood sample was collected; ② patients with 
NMOSD were previously diagnosed; and ③ the absence 
of other infectious or autoimmune diseases.

At baseline, several characteristics, such as sex, age, 
disease course, number of relapses, and the EDSS score, 
were included. The international standards for NMOSD 
revised in 2015 were used for diagnosis.

In parallel, 32 healthy volunteers with the same base-
line characteristics (29 women, 3 men; with an average 
age of 41.59 ± 14.28  years) were included in the control 
group. Comparison of general data among the three 
groups is shown in Table  1. All participants provided 
written informed consent.

AQP4‑Ab was measured using cell‑based transfection 
immunofluorescence assay (CBA)
The serum AQP4-antibody was measured using a micro-
scopic live CBA method as described previously [11, 12].

BTK, NF‑κB, PI3K, IKK, CXCL2, and CXCL12 mRNA levels 
were measured using reverse transcription‑polymerase 
chain reaction (RT‑qPCR)
Total mRNA extracted from PBMCs using the TRIzol 
reagent (DP405-02, Tiangen Biochemical Technology 
Co., Ltd., Beijing, China) was reverse transcribed into 
cDNA using PrimeScript™ RT reagent kit (Takara) for 
quantitative PCR (ABI7500, USA) in the presence of a 
fluorescent dye (SYBR Green I; Cwbio). Then, mRNA 

Table 1   General information on research objects

NMOSD acute phase NMOSD remission phase Control group P value

Number of cases 24 8 32

Gender (women/men) 23/1 6/2 29/3 >0.05

Age (means ± SD) 40.29 ± 15.27 44.63 ± 12.37 41.59 ± 14.28 > 0.05

EDSS score  median (inter-quartile range) 3.5 (2) 2 (2.38) – > 0.05

Relapsing events median (inter-quartile range) 1.5 (4) 1.5 (2) – > 0.05

AQP4-Ab (positive) 84.21% 66.67% – > 0.05

Segment of the spinal cord involved (means ± SD) 5.85 ± 4.78 4.80 ± 2.28 – > 0.05
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was quantified after normalization to 18srRNA expres-
sion. RT-qPCR was used to analyze the levels of BTK, 
NF-κB, PI3K, IKK, CXCL2, and CXCL12 mRNA. 
Primer sequences are presented in Table 2.

CXCL2 and CXCL12 levels were measured using 
enzyme‑linked immunosorbent assay (ELISA)
To assess the levels of CXCL2 and CXCL12, venous 
blood samples were obtained from all the patients 
before treatment. We used the human growth regulat-
ing oncogene β (GROβ/CXCL2) ELISA kit (Elabsci-
ence) and the CXCL12 quantitative analysis ELISA kit 
(Qiaoyi Biotechnology Co., Ltd. Shanghai, China) by 
following the manufacturer’s instructions.

Statistical analysis
The results are expressed as mean ± S.E.M. Statistical 
analysis was performed using SPSS software version 23.0. 
The data were not normally distributed, and the median 
(inter-quartile range) was used to uniformly express the 
data. The frequency and composition ratio were used 
to describe the general demographic characteristics of 
patients. The Mann–Whitney U test was used to perform 
intergroup tests on the count data, and the Spearman’s 
rank correlation coefficient was used to examine data 
correlation. According to α = 0.05, p < 0.05 was consid-
ered statistically significant.

Results
Aquaporin‑4 antibody test results
The results showed that 26 of the 32 patients with 
NMOSD were positive (81.3%), and 6 patients were not 
evaluated using AQP4-Ab (Fig. 1). A comparison of gen-
eral data among the three groups is shown in Table 1.

Comparison of BTK, PI3K, IKK, NF‑κB, CXCL2, and CXCL12 
mRNA levels between NMOSD acute and control groups 
and those between acute and remission phases.
First, we compared the expression levels of kinases and 
inflammatory chemokines in mononuclear cells between 
the patients in the NMOSD and control groups. BTK, 
PI3K, IKK, NF-κB, CXCL2, and CXCL12 mRNA levels 
in the acute group were significantly higher than those 
in the control group (p = 0.000, p = 0.000, p = 0.000, 
p = 0.000, p = 0.000, and p = 0.000, respectively; Fig. 2A–
F). BTK, IKK, NF-κB, CXCL2, and CXCL12 mRNA lev-
els of the patients in the acute group were significantly 

Table 2   Primers for RT-qPCR

Primers Forward (5ʹ-3ʹ) Reverse (5ʹ-3ʹ)

Btk AAC​TAC​CTG​AGG​GAG​ATG​CG GGT​GAA​GGA​ACT​GCT​TTG​ACT​

PI3K CAT​CTG​GGA​AGT​AAC​AAC​GC AGC​AGG​AAG​TCA​ACC​ACA​AC

Ikk TCC​TAC​AGT​GAC​AGC​ACA​GAG​
ATG​

ACC​AAA​CAG​CTC​CTT​GAG​CAC​

NF-κB GGG​GAC​TAC​GAC​CTG​AAT​G GGG​CAC​GAT​TGT​CAA​AGA​T

CXCL2 GAA​CAT​CCA​AAG​TGT​GAA​
GGTG​

CAG​TGT​GGC​TAT​GAC​TTC​GGT​

CXCL12 GGC​TCC​TGG​GTT​TTG​TAT​TCT​
CTG​

CGT​CCC​TCT​TGG​TGG​CTC​TCC​

18srRNA GTA​ACC​CGT​TGA​ACC​CCA​TT CCA​TCC​AAT​CGG​TAG​TAG​CG

Fig.1  Positive and negative staining patterns in AQP4 expressing cells



Page 4 of 7Qiao et al. European Journal of Medical Research           (2022) 27:96 

increased compared with those in the remission group 
(p = 0.004, p = 0.012, p = 0.009, p = 0.013, and p = 0.020, 
respectively; Fig. 2A–F). However, the PI3K level was sig-
nificantly higher in the remission group than in the con-
trol group.

Serum levels of CXCL2 and CXCL12 significantly increased 
in the NMOSD group compared with the control group
The serum levels of CXCL2 and CXCL12 in the acute and 
remission groups were significantly higher than those in 
the control group (p < 0.001, Fig. 3A–B).

Discussion
NMODs, a spectrum of inflammatory and demyelinat-
ing disorders in the CNS, are mainly caused by abnormal 
humoral immunity. In the acute phase, the important 
kinase BTK and its downstream NF-κB signaling path-
way related to B lymphocytes were significantly activated, 
and the expression of chemokines (CXCL2 and CXCL12) 
was significantly increased compared with the control 
group. However, only PI3K transcription was higher in 
the remission period compared with the control group, 
indicating that immune function remains abnormal dur-
ing the NMOSD remission period.

Systemic autoimmune disorders are complex hetero-
geneous chronic diseases that involve the interaction 
among different immune cells. BTK is a crucial signaling 
protein that directly links BCR signals to B-cell activation, 
proliferation, and survival. BTK is expressed in B cells as 
well as myeloid cells and is involved in different signal-
ing pathways that drive autoimmunity. BTK can promote 
the response of BCR to antigen binding and stimulation 
through CD40, Toll-like receptor (TLR), Fc receptor (Fcr) 
and chemokine receptor (CCR) activate the downstream 
NF-κB pathway, producing cytokines and antibodies, and 
mediating cell proliferation, differentiation, activation 
and immune function [12]. In SLE patients, increased 
BTK expression in peripheral blood was associated with 
lupus nephritis [13, 14]. BTK protein was elevated in B 
cells of patients with primary Sjogren’s syndrome (PSjS) 
[15]. Jansson et al. reported that XID mouse models har-
boring BTK mutations showed lower chances of devel-
oping arthritis in the absence of BTK [16]. Abnormal 
BTK activity may result in abnormal B-cell activity and 
subpopulation distribution. In a study of B-cell granu-
lomatous polyangiitis, B cells from patients in the active 
phase were more sensitive to B-cell receptor (BCR) stim-
ulation than those from patients in the remission phase. 
At the same time, phosphorylation of BTK in  vivo was 

Fig.2  BTK, PI3K, IKK, NF-κB CXCL2, and CXCL12 mRNA levels in the NMOSD group. mRNA expression of BTK, PI3K, IKK, NF-κB and CXCL2, CXCL12 in 
the acute and remission groups (A–F). ★p < 0.05 vs. Vehicle group; ★p < 0.05 vs. remission group
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obviously increased [17]. However, the changes of BTK 
in NMOSDs were still unclear. In this study, the changes 
of the BTK signaling pathway and related cytokines in 
different stages of NMOSDs were investigated, which is 
the first study focused on these factors in NMOSDs. We 
found that BTK and related cytokines were significantly 
increased in acute phase of NMOSDs. BTK inhibitors, 
including acalabrutinib, BMS-986142, elsubrutinib, evo-
brutinib, fenebrutinib, poseltinib, rilzabrutinib, spebruti-
nib and tirabrutinib, have been studied in clinical trials 
of systemic autoimmune diseases. Most of them are used 
for treatment of SLE, primary SjS, RA and MS. In vitro 
experiments have proven that blocking BTK had a signifi-
cant effect on the production of cytokines, the formation 
of plasma cells and the production of autoantibodies [17]. 
The highly selective BTK inhibitor ibrutinib has shown 
therapeutic effects in MS patients, who had significantly 
fewer intensive lesions than those treated with placebo 
[18]. BTK inhibitors may be also a potential therapeu-
tic target for NMOSDs, and the effect of different BTK 
inhibitors in NMOSDs will be further studied in our fol-
lowing experiments.

PI3K, IKK, and NF-κB are involved in several impor-
tant signaling pathways downstream of BTK and play 
significant roles in the development of autoimmune dis-
eases. PI3K is activated by BTK and non-receptor type 
tyrosine protein kinase (LYN) to produce “second mes-
senger” PIP3, which mediates BTK dimerization on the 
cell membrane and other key steps for further recruit-
ment and activation [19]. PI3Kγ and δ mediate cell innate 
immunity and acquired immunity, respectively [20], and 

play a key regulatory role in various functions, such as 
cell survival, signal transduction, and membrane trans-
port control [21]. Inhibition of PI3Kδ and PI3Kγ could 
reduce disease progression in SLE mouse models [22]. In 
the EAE model, the severity of symptoms was attenuated 
in mice lacking PI3Kδ subtypes [23]. Further, the inhibi-
tion of PI3Kγ could effectively suppress CNS inflamma-
tion, alleviate disease progression [24], and reduce nerve 
demyelination. Target B-cell signaling via BTK, PI3K, or 
Janus kinases, which are believed to be involved in MS 
etiology, may provide novel mechanisms to better clar-
ify the humoral immune pathogenesis of MS [25]. Our 
research found that the expression of PI3K in patients 
with NMOSD was significantly increased compared with 
the normal control group, and this result was found in 
the acute as well as remission periods, suggesting that 
patients in the remission period are still in an abnormal 
immune state.

Transcription factor NF-κB exerts multiple immune 
regulation functions and promotes inflammatory 
response by inducing the expression of genes encod-
ing cytokines, preimmune response proteins, and 
antiapoptotic molecules. NF-κB is a key regulator of 
immune response, inflammation, and cell survival. IKK is 
upstream of the key link triggering NF-κB activation [26]. 
PI3K activates IKK through Akt, degrades IκB, mediates 
NF-κB translocation to the nucleus for cell transcription, 
exerts an immune response, and produces antibodies 
[27]. The activation of the IKK/NF-κB signaling pathway 
can aggravate the clinical symptoms in EAE mice, result-
ing in the progression of NF-κB-dependent myeloid cell 

Fig.3  Protein levels of CXCL2 and CXCL12 in the NMOSD group. Protein expression of CXCL2 and CXCL12 in the acute and remission groups (A–B). 
★p < 0.001 vs. Vehicle group; ★p < 0.001 vs. remission group
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activation and demyelination [28]. In the SLE mouse 
model, inhibiting IKK and IkB and blocking the activa-
tion of the NF-κB pathway can reduce kidney damage in 
mice [29]. Moreover, knocking out IKKε can reduce the 
expression of NF-κB, TNF-β, IL-1ε, and IL-6, unveiling 
a new direction for treating rheumatoid arthritis (RA) 
[30]. Our results support the abnormal activation of IKK/
NF-κB in the acute phase of NMOSD.

CXCL12, which is expressed in various cells, exhib-
its chemotactic activity for monocytes, neutrophils, and 
early B-cell precursors [31] and plays an important role 
in the survival and development of B cells. In the acute 
phase of demyelination, various inflammatory mediators 
activate the expression of CXCL12 and stimulate vascular 
endothelial cells to produce inflammatory chemokines 
(such as CXCL8) to attract B lymphocytes into the CNS 
[32]. CXCL12 binds to CXCR4 on the B lymphocyte 
membrane to promote B lymphocyte BTK Y223 phos-
phorylation; activate BTK and PI3K; and mediate cell 
proliferation and adhesion, leukocyte migration, and 
inflammation [33]. A recent study found that the level 
of CXCL12 in the peripheral serum of mice with relaps-
ing-relief EAE is elevated, and this is consistent with the 
continuous peripheral immune response, including the 
transport and activation of B cells, and may be related 
to relapse [34]. In our study, the level of CXCL12 in 
peripheral blood PBMCs of patients in the acute phase of 
NMOSD was significantly higher than that of the patients 
in the control group, suggesting that CXCL12 is involved 
in promoting the inflammatory course of demyelinat-
ing in the acute phase of NMOSD. CNS inflammation 
and increased expression of CXCL12 further amplify the 
inflammatory cascade. The high expression of CXCL12 in 
the early stage of MS demyelination can activate the BTK 
signaling pathway in B lymphocytes and mediate cyto-
toxicity [35].

Conclusion
This study showed that BTK, PI3K, IKK, NF-κB, and 
related inflammatory chemokines CXCL2 and CXCL12 
are abnormally activated in the pathogenesis of NMOSD, 
which can induce B-cell proliferation and differentia-
tion. PI3K is a key factor in the signaling pathway and is 
highly expressed even in the abnormal activation state of 
immunity during the remission period in patients with 
NMOSD. However, the predictive value of PI3K mRNA 
level for disease recurrence and remission in NMOSD 
should be further studied in a large sample size to pro-
vide a theoretical basis for the pathogenesis and treat-
ment strategy of NMOSD.
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