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A B S T R A C T

Background: T helper (Th17) cells play an important role in many autoimmune diseases. In this meta-analysis,
we aimed to specify the proportion of Th17 cells and the levels of Th17-related cytokines in neuromyelitis optica
spectrum disorders (NMOSD) patients, we did this meta-analysis.
Methods: Using previously reported data from PubMed, EMBASE, and Web of Science and Cochrane, we ex-
plored the proportion of Th17 cells in CD4+ T cells in peripheral blood (PB) and the level of Th17-related
cytokines, such as interleukin (IL)1β, IL6, IL17, IL21, IL22, IL23 and transforming growth factor -beta (TGFβ), in
cerebrospinal fluid (CSF), plasma, and serum in NMOSD patients compared to control group and multiple
sclerosis (MS) patients.
Results: In total, 38 trials were included for our analysis. Results showed that the proportion of Th17 cells was
higher in NMOSD patients than in the control and MS groups. The levels of IL1β, IL6, IL17 and IL21 in CSF and
plasma, and IL6, IL21, IL22, and IL23 in the serum were higher in NMOSD patients than in the control group. The
levels of IL6 in CSF and serum and IL17 in plasma and serum were higher in NMOSD patients than in MS
patients.
Conclusion: The proportion of Th17 cells and the levels of Th17-related cytokines was increased in NMOSD
patients compared with the control group and MS patients. The results of this meta-analysis indicated that Th17
cells and Th17-associated cytokines may play an essential role in the pathogenesis of NMOSD.
PROSPERO registration: CRD42019128785.

1. Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a hetero-
geneous autoimmune disease of the central nervous system (CNS), in-
cluding the spinal cord, optic nerve, and brain stem, and leads to severe
disability such as blindness or paraplegia [1]. Understanding the pa-
thogenesis of NMOSD, and identifying the possible targets for its in-
tervention, is, therefore, a requisite.

The discovery of the pathogenic serum antiaquaporin-4 (AQP4)
antibody has led to leading to great advances in NMOSD, and the
International Panel for NMD diagnosis (IPND) proposed a stratified
diagnosis of NMSOD based on anti-AQP4 [1]. However, studies have

shown that transferring anti-AQP4 antibodies alone could not induce
NMO pathological changes in experimental animals, and required a
simultaneous induction of T cell inflammation, suggesting the plausible
role of T cells in the underlying pathogenesis of NMOSD [2].

Recent studies have shown that Th17 and Th17-related cytokines,
such as interleukin 1-beta (IL1β), interleukin 6 (IL6), interleukin 6
(IL6), interleukin 17 (IL17), interleukin 21 (IL21), interleukin 22
(IL22), interleukin 23 (IL23), and transforming growth factor -beta
(TGFβ), are linked to the progression of multiple sclerosis (MS) and
NMOSD [3–6]. Th17 cells are T cells with a highly pro-inflammatory
effect and produce high levels of IL17, IL21, IL22, IL23, and others [7].

Th17 cells are induced by a combination of IL6 and TGFβ; IL6 is a
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pro-inflammatory cytokine, and promotes the differentiation of naive T
cells into cytotoxic T cells or Th17 cells, and activate the synthesis of
immunoglobulin (Ig) in B cells [8]. IL21 can enhance Th17 cells' pre-
cursor frequency [9–11].IL17 is a pro-inflammatory effector cytokine
that induces the expression of chemokines and attracts neutrophilic
leukocytes [12,13]. The induction of inflammation auto reactiveness of
Th17 cells are activated by IL23 [14,15]. IL1β can activate cAMP-re-
sponse element binding protein (CREB) and NFκB promoter, and might
be one of the factors inducing severe lesions in NMOSD.

Even though our previous study results suggested the MS patients
have a higher proportion of Th17 cells and higher levels of IL-17 and IL-
23 [16], the proportion of Th17 cells and level of Th17-related cyto-
kines in NMOSD patients remains unknown [3–5,17–24]. Based on the
above reasons, we reviewed the related original studies systemically
and conducted this meta-analysis.

2. Methods

2.1. Search strategy and selection criteria

This meta-analysis was carried out based on the statement of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [25] and was registered on the international prospective
register of systematic reviews (PROSPERO) (CRD42019128785).

Two researchers searched PubMed, EMBASE, Web of Science, and

Cochrane independently. The Medical Subject Headings (MeSH),
“Neuromyelitis Optica”, “Th17 Cells”, “Interleukin-1beta”,
“Interleukin-6”, “Interleukin-17”, “Interleukin-21”, “Interleukin-22”,
“Interleukin-23”, “Transforming Growth Factor beta” and related free
words were used to search relevant papers. We also checked the related
reference in related reviews and included studies, to find any papers
that might be overlooked. All studies published before May 18, 2019,
were used for the analysis.

2.2. Study selection

Inclusion criteria: 1) original studies; 2) full text published in
English; 3) studies on human subjects; 4) The MeSH terms and related
free words about“Neuromyelitis Optica” and “‘Th17 Cells’ or
‘Interleukin-1beta’ or ‘Interleukin-6’or ‘Interleukin-17’ or ‘Interleukin-
21’ or ‘Interleukin-22’ or ‘Interleukin-23’ or ‘Transforming Growth
Factor beta’ are included in title or abstract; 5) studies reporting the
proportion of Th17 cells or levels of Th17-related cytokines in NMOSD;
6) studies that have a control group or using MS patients as control.

Exclusion criteria: 1) non-original studies; 2) multiple publications
or overlapping subjects; 3) incomplete or non-retrievable data; 4) stu-
dies with no suitable comparison group; 5) conference abstract super-
seded publication; 6) does not include study on the proportion of Th17
cells and level of Th17-related cytokines in NMOSD patients; 7) case
report.

Fig. 1. Study selection process.
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2.3. Data extraction and quality assessment

Two independent researchers (Miaomiao Hou, Yufeng Li) reviewed
the studies and extracted data. Disagreements would be resolved under
discussion with the third investigator (Lingling He). We extracted the
following information from all selected studies: author, published year,
country, case number, mean age, age at onset, duration of disease, sex
(female/male), number of relapses, score of expanded disability status
scale (EDSS), ratio of Th17 cells in CD4+ T cells, sample for testing
cytokines, the levels of Th17-related cytokines (IL1β, IL6, IL17, IL21,
IL22, IL23, and TGFβ) in cerebrospinal fluid (CSF), plasma, and serum,
and the type of control group. The Newcastle–Ottawa Quality
Assessment Scale (NOS) [26] was used to evaluate the quality (Q) of
each study.

2.4. Statistical analysis

The outcomes were all continuous variables: the proportion of Th17
cells in CD4+ T cells and the levels of IL1β, IL6, IL17, IL21, IL22, IL23,
and TGFβ in CSF, plasma, and serum. We used standardized mean
differences (SMD) and 95%CI to assess the proportion of Th17 cells and
the levels of Th17-related cytokines in NMOSD patients compared to
the control group and in MS patients.

Begg's and Egger's tests were used in assessing the asymmetry of the
funnel plot. A P < 0.05 was considered as publication bias, and if
present, the trim-and-fill method was adopted to determine the influ-
ence of publication bias on results. The Q test and I2 test were used to
value the heterogeneity. A P≥0.1 or I2≤ 50% was considered as no
significant heterogeneity, and the fixed-effects model (FEM) was ap-
plied; the random-effects model (REM) was used, otherwise. We used
the sensitivity analysis to value the robustness. Stata (version 14.0) was
used for the statistical analyses and images.

3. Results

3.1. Study characteristics

After searching databases of PubMed, EMBASE, Web of Science and
Cochrane, along with the manual searching, a total of 558 studies were
identified, of which 38 studies were included in this meta-analysis ac-
cording to the inclusion criteria and exclusion criteria. The screening
process is shown in Fig. 1, and the details about the 38 studies are
described in Tables 1 and 2. The age of NMOSD patients was higher
than that of MS patients [0.44, (0.14, 0.74), P=0.004], while no sig-
nificant difference was observed between NMOSD patients and control
subjects [0.29, (−0.02, 0.60), P=0.066]. There was no significant
difference in the duration of disease [0.09, (−0.32, 0.50), P=0.662]
and number of relapses [0.23, (−0.13, 0.59), P=0.209] between
NMOSD patients and MS patients. The score of EDSS of NMOSD pa-
tients was higher than that of MS patients [0.98, (0.33, 1.62),
P=0.003]. The percent of female was higher in the NMOSD patients
than in the MS group [2.29, (1.71, 3.07), P < 0.001] and control
subjects [2.23, (1.83, 3.09), P < 0.001] (figures are not shown).

3.2. The proportion of Th17 cells

Of the 38 studies included in the meta-analysis, eight studies re-
ported the proportion of Th17 cells in CD4+ T cells in the peripheral
blood (PB). The results showed that the proportion of Th17 cells was
higher in NMOSD patients was higher than in control subjects and MS
patients [0.87, (0.03, 1.44), P=0.003] (Fig. 2); a significant differ-
ences was observed when comparing individual MS patients [1.27,
(0.18, 2.37), P=0.023] and control subjects [0.52, (0.30, 1.44),
P=0.013] (Fig. 2) as well. The heterogeneity among the studies was
high (I2 75.2%, P < 0.05), therefore, REM was considered. Due to the
small number of included studies, we did not perform funnel plot andTa
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publication bias detection.

3.3. The level of Th17 related cytokines

3.3.1. IL6
Twenty-three included studies compared the level of IL6 between

NMOSD patients and a control group. The results showed that the level
of IL6 was higher in NMOSD patients than in the control subjects [0.94,
(0.65, 1.23), P < 0.001] (Fig. 3a). Specifically, the level of IL6 in CSF
was higher in NMOSD patients than in the control subjects in CSF [0.83,
(0.39, 1.26), P < 0.001], plasma [1.51, (0.66, 2.36), P < 0.001], and
serum [0.77, (0.53, 1.01), P < 0.001] (Fig. 3a). The heterogeneity
among studies was high (I2 79.3%, P < 0.05); therefore, REM was
considered. We performed the funnel plot (Fig. S1a) and publication
bias detection. Begg's and Egger's tests indicated a publication bias
(P=0.002, P < 0.001, Fig. S2a), and the trim-and-fill test revealed
that the publication bias of studies did not impact the estimates. Sen-
sitivity analysis indicated that the results of studies were robust (Fig.
S3a).

Twenty-one included studies reported the level of IL6 between
NMOSD patients and MS patients. The results showed that the level of
IL6 was higher in NMOSD patients than in MS patients [0.51, (0.29,
0.73), P < 0.001] (Fig. 3b); specifically, in CSF [0.63, (0.32, 0.94),
P < 0.001] and serum [0.32, (0.00, 0.64), P=0.049] (Fig. 3b). There
was only one study reporting the level of IL6 in plasma [27]. The
heterogeneity among studies was high (I2 63.7%, P < 0.05), and REM
was considered. We performed the funnel plot (Fig. S1b) and publica-
tion bias detection. Begg's and Egger's tests indicated there was no
publication bias (P=0.264, P=0.1, Fig. S2b), and the sensitivity
analysis indicated that the results of studies were robust (Fig. S3b).

3.3.2. IL17
Seventeen included studies reported the level of IL17 between

NMOSD patients and control group. The results showed that the level of
IL17 was higher in NMOSD patients than in the control subjects [0.87,
(0.42, 1.33), P < 0.001] (Fig. 4a). The heterogeneity among studies
was high (I2 87.3%, P < 0.05), and we considered the REM. The level
of IL17 in the CSF was higher in NMOSD patients than in control sub-
jects in CSF [0.76, (0.35, 1.16), P < 0.001] and plasma [1.15, (0.43,
1.87), P=0.002]. Results showed no significant difference in the
serum [0.81, (−0.20, 1.83), P=0.118] (Fig. 4a). Begg's and Egger's
tests indicated there was no publication bias (P=0.091, P=0.079),
sensitivity analysis indicated that the results of studies were robust.

Fourteen included studies reported the level of IL17 between
NMOSD patients and MS patients. The results showed that the level of
IL17 was higher in NMOSD patients than in MS patients [0.47, (0.03,
0.90), P=0.036] (Fig. 4b), with a significant increase observed in the
serum IL17 levels [0.70, (0.12, 1.29), P=0.036] (Fig. 4b). Results
showed no significant difference in the CSF IL17 levels [0.23, (−0.49,
0.95), P=0.538] (Fig. 4b). Only one study reporting the level of IL17
in plasma of NMSOD and MS patients was obtained [27]. The hetero-
geneity among studies was high (I2 83.3%, P < 0.05), and REM was
considered. Begg's and Egger's tests indicated there was no publication
bias (P=0.274, P=0.221), sensitivity analysis indicated that the re-
sults of studies were robust.

3.3.3. IL21
Eight included studies reported the level of IL21 between NMOSD

patients and the control group. The results showed that the level of IL21
in the serum was higher in NMOSD patients was higher than in the
control subjects [1.40, (0.57, 2.23), P=0.001] (Fig. 5a). The hetero-
geneity among studies was high (I2 73.2%,<0.05), and REM was
considered. The level of IL21 in the CSF [1.04, (0.48, 1.59), P < 0.001]

Fig. 2. Forest plot of the proportion of Th17 cells.
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Fig. 3. Forest plot of the level of IL6. a NMOSD patients vs control group; b NMOSD patients vs MS patients.

M.-M. Hou, et al. International Immunopharmacology 75 (2019) 105793

10



Fig. 4. Forest plot of the level of IL17. a NMOSD patients vs control group; b NMOSD patients vs MS patients.
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and plasma [1.10, (0.74, 1.47), P < 0.001] was higher in NMOSD
patients than in control subjects (Fig. 5b). The heterogeneity among
studies was low (I2= 0%, P=0.479; I2= 44.4%, P=0.165), and FEM
was considered.

Three included studies reported the level of IL21 in serum between
NMOSD patients and MS patients, but the results showed no significant
difference between the two groups [0.76, (−0.02, 1.55), P=0.056]
(Fig. 5c).

3.3.4. IL1β
Eight included studies reported the level of IL1β between NMOSD

patients and the control group. The level of IL1β in CSF [1.38, (0.32,
2.44), P=0.01] and plasma [1.75, (0.86, 2.64), P < 0.001] was
higher in NMOSD patients than in control subjects (Fig. 6a). The het-
erogeneity among studies was high (I2 85.4%, P < 0.05), the REM was
considered.

Three included studies reported the level of IL1β in CSF between
NMOSD patients and MS patients, and no significant difference was
observed between the groups [0.28, (−0.08, 0.64), P=0.130]
(Fig. 6b). The heterogeneity among studies was low (I2 26.2%,
P=0.258), FEM was considered.

3.3.5. IL23
Four included studies reported the level of IL23 in serum between

NMOSD patients and control group. The result showed a higher level of
serum IL23 in NMOSD patients than in control subjects [1.14, (0.34,
1.94), P=0.005] (Fig. 7a). The heterogeneity among studies was high
(I2 78.5%, P=0.03), and REM was considered.

Three included studies reported the level of IL23 in serum between
NMOSD patients and MS patients. The result showed no significant
difference between groups [0.36, (−0.07, 0.79), P=0.105] (Fig. 7b).
The heterogeneity among studies was low (I2 0%, P=0.628), and FEM
was considered.

3.3.6. TGFβ
Three included studies reported the level of TGFβ in serum between

NMOSD patients and control group. Result showed no significant dif-
ference between groups [0.34, (−0.46, 1.14), P=0.411] (Fig. 7a). The
heterogeneity among studies was high (I2 75.9%, P=0.016), and REM
was considered.

Two included studies reported the level of TGFβ in serum between
NMOSD patients and MS patients. No significant difference was ob-
served between groups [−0.28, (−0.81, 0.25), P=0.1302] (Fig. 7b).
The heterogeneity among studies was low (I2 1.5%, P=0.314), and
FEM was considered.

4. Discussion

Neuromyelitis optica (NMO) was first proposed by Devic in 1894,
who called it ‘Devic disease,’ and was considered as a variant of MS, and
has been developed ever since. In 1999, after summing up the clinical
data of patients, Wingerchuk et al. [54] found that divided NMO into
single-phase type NMO and recurrent-type NMO according to the
course of the disease, based on which the diagnostic criteria of NMO
were first developed. Lennon et al. [55] discovered high concentrations
of specific AQP4 antibodies in the serum of NMO patients in 2004 and
identified NMO as a distinct disease entity independent of MS. In 2006,
Wingerchuk et al. [56] developed the NMO diagnostic criteria further,
incorporating the result of AQP4 antibodies in serum. On this basis,
Wingerchuk et al. [57] proposed the concept of NMO spectrum in 2007,
including NMO and NMO related diseases. In 2015, Wingerchuk et al.
[58] proposed a unified concept of NMOSD and developed the new

diagnostic criteria, which has far-reaching implications for clinical di-
agnosis and treatment of NMOSD.

In addition to anti-AQP4 antibodies, several other molecular bio-
markers were studied to help elucidate the immune pathogenesis of
NMOSD [6]. These findings have deepened our understanding of the
pathogenesis of NMOSD and provided essential guidance for the de-
velopment of novel therapeutic approaches. A growing number of im-
munological studies have reported the cytokines and chemokines to
play a vital role in the pathogenesis of NMOSD [59] and indicates that
NMOSD is a Th2- and Th17-dominant disease. Th2-related cytokines
and chemokines such as IL13 are upregulated in the CSF of NMOSD
patients [59]; besides, IL-25, IL-31, and IL-33 are recently found Th2-
related cytokines in NMOSD. Th17-associated cytokines, might, there-
fore, may be a key player in NMOSD inflammation [59]. The results of
related researches are still ambiguous about the proportion of Th17
cells and the level of Th17-related cytokines in NMOSD patients;
therefore, we conducted this meta-analysis.

Our results revealed that, the proportion of Th17 cells and the levels
of Th17-related cytokines such as IL6, IL17, IL1β, and IL21 in CSF and
plasma, and IL6, IL21, and IL23 in serum were higher in NMOSD pa-
tients than in control subjects, suggesting the role of Th17 cells and
Th17-related cytokines play an important role in the immune patho-
genesis of NMOSD. Therefore, combined with drugs for AQP4 antibody,
interventions targeting Th17 cells and cytokines IL6, IL17, IL1β, IL21,
and IL23 might significantly improve the treatment effect, reduce the
severity of the disease, improve the prognosis, and reduce or prevent
recurrence in NMOSD patients. Considering that NMOSD and MS have
some similarities, we also analyzed the proportion of Th17 cells and the
levels of Th17-related cytokines between the NMOSD patients and MS
patients. The results showed that the proportion of Th17 cells and the
levels of IL6 in CSF and serum and IL17 in plasma and serum were
higher in NMOSD patients than in MS patients.

In addition to the anti-AQP4 antibody, other biomarkers involved in
Th17 cells and astrocytic damages for NMOSD have also been reported.
For example, IL-6 in PB is associated with the production of anti-AQP4
antibody. Since these two antibodies have been found to play an es-
sential role in the pathogenesis of NMOSD, the treatment of NMOSD
patients in recent years has mainly focused on the depletion of auto-
antibodies and suppression of lymphocytes, such as AQP4-IgG and
IL6R-IgG (tocilizumab). In addition to this, complement-targeting
therapy, including eculizumab and C1 inhibitor, has recently been
studied in NMOSD patients. Based on the results of this study, we hy-
pothesized that in addition to AQP4-IgG, complement and IL-6R are of
great significance in NMOSD, Th17 cells and Th17-related cytokines
might also play a role in the diagnosis and treatment of NMOSD.

In our study, we observed differences in the basic characteristics of
the included patients between groups. For example, the percent of fe-
male patients was higher in NMOSD than the control group and MS
patients, which is consistent with epidemiological data. NMOSD pa-
tients were older, with higher EDSS scores than those of MS patients.
These results are also consistent with the survey results of clinical pa-
tients.

This study has several apparent deficiencies and limitations. Firstly,
the heterogeneities of several outcomes were high. As shown in Table 1,
the types of control group mainly included healthy controls (HC), other
neurological diseases (OND) and other non-inflammatory neurological
diseases (ONNDs). The countries mainly included China, Japan, France,
and others. We conducted a subgroup analysis of the types of control
group and countries, and the results showed a decrease in hetero-
geneities (data not shown). Additionally, inconsistencies among stu-
dies, such as the duration of the disease and EDSS scores of NMOSD,
sampling time, and different testing methods and standards, all might

Fig. 5. Forest plot of the level of IL21. a IL21in serum between NMOSD patients and control group; b IL21 in CSF and plasma between NMOSD patients and control
group; c IL21 in serum between NMOSD patients and MS patients.
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Fig. 6. Forest plot of the level of IL1β. a NMOSD patients vs control group; b IL1β in CSF between NMOSD patients and MS patients.

M.-M. Hou, et al. International Immunopharmacology 75 (2019) 105793

14



have led to the heterogeneity. Secondly, the levels of several cytokines
such as IL21 in plasma of MS patients, IL22, IL23, and TGFβ in CSF and
serum, had no one or merely one related article, and the results could
not be meta-analyzed. Finally, we did not analyze the AQP4-IgG ser-
ostatus in the NMOSD group, nor did we verify the differences of Th17
cells and related cytokine levels between the relapse phase and remis-
sion phase of NMOSD. Therefore, it cannot be concluded that Th17 cells
and proinflammatory cytokines might be relevant biomarkers of disease
activity in NMOSD, which we will continue to analyze in our future
studies with an increasing number of related researches.

5. Conclusion

The current meta-analysis demonstrated that the proportion of Th17
cells was higher in NMOSD patients than in control subjects and MS
patients. The levels of Th17-related cytokines in NMOSD patients,
especially IL6, IL17, IL1β, IL21, and IL23, were higher in NMOSD pa-
tients than the control group. The levels of IL6 and IL17 were higher in
NMOSD patients than in MS patients. The results of levels of cytokines
were different according to the type of biological samples such as CSF,
plasma, and serum. Further research, including studies with large
sample size and longer follow-up periods, are required to study in-depth
the immune mechanism of NMOSD.

Fig. 7. Forest plot of the levels of IL23 and TGFβ in serum. a NMOSD patients vs control group; b NMOSD patients vs MS patients.
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