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Background: Adipocytokines have been proven to be involved in the progression of 
autoimmune diseases, including rheumatoid arthritis (RA). Nesfatin-1, a newly discovered 
adipokine, has recently been reported to possess potent anti-inflammatory, antiapoptotic, and 
antioxidative properties. However, its role in RA has not yet been reported. Therefore, this 
study aimed to determine nesfatin-1 levels in the synovium and synovial fluid (SF) of 
patients with RA and examine their correlation with clinical manifestations and proinflam
matory cytokine levels.
Methods: Synovium and SF samples were collected from patients with RA and non-RA 
patients during joint surgery. Immunohistochemistry was used to measure nesfatin-1 protein 
expression in the synovium. Enzyme-linked immunosorbent assay was used to measure nesfatin- 
1, interleukin-1β (IL-1β), and tumor necrosis factor-α (TNF-α) levels in the synovium and SF. 
Pearson correlation analysis was used to evaluate the correlations between nesfatin-1 levels, RA 
clinical features, and proinflammatory cytokines. The diagnostic value of synovium nesfatin-1 
for RA was assessed using receiver operating characteristic (ROC) curve analysis.
Results: The results showed that nesfatin-1, IL-1β, and TNF-α levels in the synovium were 
significantly higher in patients with RA than in controls, with age and body mass index as 
covariates. Moreover, the results of Pearson correlation analysis showed that nesfatin-1 
levels were positively correlated with IL-1β and TNF-α levels in the synovium of patients 
with RA. Furthermore, there was a positive relationship between synovium nesfatin-1 levels 
and rheumatoid factor in patients with RA. Additionally, the results of the ROC curve 
analysis revealed an area under the curve of 0.733 with 77.5% sensitivity and 60.0% 
specificity for synovium nesfatin-1 in discriminating patients with RA from controls.
Conclusion: These findings suggest that increased nesfatin-1 levels in the synovium may be 
associated with proinflammatory cytokines and RA severity.
Keywords: rheumatoid arthritis, adipocytokine, nesfatin-1, synovium, synovial fluid, pro- 
inflammatory cytokines

Introduction
As a chronic, autoimmune inflammatory type of arthritis, rheumatoid arthritis (RA) 
affects approximately 1% of the adult population worldwide.1 The clinical features 
of RA mainly include leukocyte infiltration and synovial hyperplasia, which cause 
chronic joint inflammation as well as subsequent cartilage and bone erosion.2 

Although a number of treatment options have been used over the last few decades 
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to improve the signs and symptoms, including inflamma
tion, most patients with RA continue to experience joint 
damage, disability, and serious illness due to its unknown 
etiology.3 Therefore, an in-depth understanding of the 
pathogenesis of RA will be of great significance and may 
facilitate the identification of new therapeutic targets. 
Additionally, the current clinical diagnosis of RA relies 
on patient symptoms and laboratory blood testing, such as 
rheumatoid factor (RF) and anti-citrullinated protein anti
bodies (ACPAs). However, the RF-positive rate and 
ACPA-specificity of RA are only 60–70% and 60–75%, 
respectively, suggesting low diagnostic efficacy.4 Thus, 
there has been growing interest in the identification of 
new biomarkers to improve the diagnostic accuracy of RA.

Evidence has accumulated in support of the regulatory 
roles of adipocytokines in the pathogenesis of RA.5,6 

Adiponectin, leptin, and resistin levels are reportedly ele
vated in both blood and synovial fluid (SF) of patients with 
RA compared to those in controls.7–9 Nesfatin-1, a novel 
adipocytokine derived from the precursor protein 
nucleobindin-2,10 is widely expressed in both central 
(such as the hippocampus, hypothalamus, amygdala, and 
prefrontal cortex) and peripheral (such as the esophagus, 
stomach, small intestine, colon, pancreas, liver, adipo
cytes, cardiomyocytes, testes, ovaries, uterus, and epididy
mis) tissues.11,12 Nesfatin-1 has recently been reported to 
possess potent anti-inflammatory, antiapoptotic, and anti
oxidative properties.13 Recent evidence has revealed 
a marked association of serum and SF nesfatin-1 concen
trations with osteoarthritis disease severity,14 indicating 
that nesfatin-1 may contribute to the pathophysiological 
changes in osteoarthritis. However, synovium and SF 
levels of nesfatin-1 and their relationship with disease 
severity in patients with RA have not yet been reported.

The imbalance between proinflammatory and anti- 
inflammatory cytokine activities is conducive to inducing 
autoimmunity, chronic inflammation, and joint injury in 
RA.15 Extensive evidence exists suggesting that synovial 
inflammation and the resultant proinflammatory mediators 
are directly implicated in the pathogenesis of RA, promoting 
synovial proliferation, hyperplasia, and angiogenesis.16 More 
recently, the potential anti-inflammatory activity of nesfatin- 
1 has been demonstrated in several studies. Nesfatin-1 has 
been reported to suppress interleukin-1β (IL-1β)-induced 
activation of nuclear factor kappa B in chondrocytes.17 

Moreover, the peripheral use of nesfatin-1 has demonstrated 
anti-inflammatory effects in subarachnoid hemorrhage and 
brain injury cases.18,19 Given that nesfatin-1 exhibits 

potential anti-inflammatory activity in a variety of inflamma
tory diseases, the relationship between nesfatin-1 and proin
flammatory cytokines in the synovium and SF of RA patients 
was also investigated.

Considering the dysfunction of chronic synovial inflam
mation in RA, together with the potential anti-inflammatory 
activity of nesfatin-1, we hypothesized that nesfatin-1 levels 
in the synovium and SF undergo changes in patients with 
RA and that this is potentially associated with the over
production of proinflammatory cytokines. To test this 
hypothesis, patients with RA and non-RA patients were 
selected from patients hospitalized at the First Affiliated 
Hospital of Anhui Medical University. Synovium and SF 
samples were collected, and enzyme-linked immunosorbent 
assay (ELISA) was used to measure nesfatin-1, IL-1β, and 
tumor necrosis factor-α (TNF-α) levels. Pearson correlation 
analysis was used to evaluate the correlations between 
nesfatin-1 levels, RA clinical features, and proinflammatory 
cytokines. The diagnostic value of synovium nesfatin-1 for 
RA was assessed using receiver operating characteristic 
(ROC) curve analysis.

Materials and Methods
Patients and Samples
Synovium and SF samples were obtained from patients with 
RA (n = 40) who were diagnosed with RA and had under
gone joint surgery at the First Affiliated Hospital of Anhui 
Medical University. All patients with RA fulfilled the 2010 
American College of Rheumatology (ACR)/European 
League Against Rheumatism criteria or the 1987 ACR 
criteria.20,21 Patients suffering from local cartilage damage 
or traumatic joint lesions (sport injuries) were regarded as 
the control group, and synovium samples from the control 
group (n = 15) were collected during joint surgery. Patients 
with autoimmune or infectious diseases were excluded from 
the control group. All patients provided written informed 
consent prior to participation, in accordance with the princi
ples of the Declaration of Helsinki. This study was approved 
by the Ethics Committee of Anhui Medical University.

Measurements
A demographic questionnaire was used to collect general 
information from study participants, including age, body 
mass index (BMI), sex, X-ray classification, time of pain, 
anti-cyclic peptide containing citrulline (anti-CCP), antistrep
tolysin O (ASO), rheumatoid factor (RF), C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), and 28-Joint 
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Disease Activity Score based on ESR (DAS28-ESR). 
Synovium and SF samples were collected during joint sur
gery and immediately transferred to liquid nitrogen before 
storage in a freezer at −80 °C until use. Commercially avail
able ELISA kits were used to measure the concentrations of 
nesfatin-1, IL-1β, and TNF-α (Jianglai Bio, Shanghai, 
China), according to the manufacturer’s instructions.

Immunohistochemistry Staining
Due to limitations in the available and small sample 
volume, 5 synovium samples in each group were har
vested, fixed in 4% paraformaldehyde for 48 h, and 
embedded in paraffin. Serial sections (4 μm) were cut. 
Immunohistochemistry for nesfatin-1 was performed 
using the SP-9000 Histostain-Plus kit (ZSGB Bio, 
China), according to the manufacturer’s instructions. 
Samples were visualized using a digital pathology slide 
scanner (3DHISTECH Ltd., The Digital Pathology 
Company, Budapest, Hungary). Image-ProPlus Software 
(Media Cybernetics, Silver Spring, MD, USA) was used 
to calculate the integral optical density of the sections.

Statistical Analysis
Data were analyzed using SPSS (version 17.0; IBM Corp., 
Armonk, NY, USA). Data are expressed as the mean ± 
standard error of the mean (SEM), and statistical 

significance was set at P< 0.05. A one-sample 
Kolmogorov–Smirnov test revealed a normal distribution 
of continuous variables. Student’s t-test was used to evalu
ate differences in age and BMI between the groups. The χ2 

test was used to analyze sex differences between groups. 
Analysis of covariance (ANCOVA) was performed to com
pare differences in the synovium levels of nesfatin-1, IL-1β, 
and TNF-α between the two groups, controlling for age and 
BMI by using these variables as covariates. Correlation 
analyses were performed using Pearson’s correlation test.

Results
Demographic Values and Routine 
Laboratory Parameters of the RA and 
Control Groups
As shown in Table 1, there were no significant differences in 
sex between the two groups (χ2 = 0.284, P = 0.594). However, 
age (t = –5.586, P< 0.001) and BMI (t = 3.323, P = 0.002) 
were significantly higher in patients with RA than in controls.

Patients with RA exhibited an average X-ray classifi
cation of 3.10 ± 0.14, with a reported time of pain ranging 
from 1 to 30 years (mean 13.05 ± 1.39 years). The serum 
CCP, ASO, RF, and CRP levels of patients with RA were 
908.51 ± 57.90 RU/mL, 41.60 ± 5.77 IU/mL, 229.29 ± 
60.31 IU/mL, and 27.45 ± 4.49 mg/L, respectively. The 

Table 1 Comparison of Mean Values (or Ratios) of Demographic Data, Nesfatin-1, IL-1β, and TNF-α Levels in Synovium and SF 
Between the RA and Control Groups (Mean ± SEM)

Variables Control Group RA Group Statistics (F/t/χ2) P

Age 44.00±2.24 58.47±1.35 −5.586 <0.001

BMI (kg/m2) 24.51±0.70 21.48±0.49 3.323 0.002
Gender (female/male) 11/4 32/8 0.284 0.594

X-ray classification n.a. 3.10±0.14 n.a. n.a.

Time of pain (year) n.a. 13.05±1.39 n.a. n.a.
Anti-CCP (RU/mL) n.a. 908.51±57.90 n.a. n.a.

ASO (IU/mL) n.a. 41.60±5.77 n.a. n.a.

RF (IU/mL) n.a. 229.29±60.31 n.a. n.a.
CRP (mg/L) n.a. 27.45±4.49 n.a. n.a.

ESR (mm/h) n.a. 47.23±3.43 n.a. n.a.

DAS28-ESR n.a. 5.08± 0.09 n.a. n.a.
Nesfatin-1 in synovium (pg/g) 8331.58±514.76 10549.58±387.24 5.571 0.022

IL-1β in synovium (pg/g) 420.59±24.34 692.93±20.84 34.218 <0.001

TNF-α in synovium (pg/g) 444.09±35.22 765.38±13.42 81.702 <0.001
Nesfatin-1 in SF (pg/mL) n.a. 1145.13±38.36 n.a. n.a.

IL-1β in SF (pg/mL) n.a. 65.48±1.53 n.a. n.a.

TNF-α in SF (pg/mL) n.a. 77.34±1.49 n.a. n.a.

Abbreviations: anti-CCP, anti-cyclic peptide containing citrulline; ASO, antistreptolysin O; BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation 
rate; DAS28-ESR, 28-Joint disease activity score based on ESR; IL-1β, interleukin-1β; RF, rheumatoid factor; SEM, standard error of mean; SF, synovial fluid; TNF-α, tumor 
necrosis factor-α.
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ESR and DAS28-ESR of patients with RA were 47.23 ± 
3.43 mm/h and 5.08± 0.09, respectively (Table 1).

Nesfatin-1, IL-1β, and TNF-α Levels in the 
Synovium of the RA and Control Groups
As shown in Table 1, ANCOVA results demonstrated that 
nesfatin-1 levels in the synovium were significantly higher 
in patients with RA than in controls, with age and BMI as 
covariates (F = 5.571, P = 0.022). Similarly, immunohis
tochemistry results also revealed that the level of nesfatin- 
1 in the synovium was significantly higher in the RA 
group than that in the control group (t = −6.414, P< 
0.001; Figure 1A and B).

The levels of proinflammatory cytokines IL-1β (F = 
34.218, P< 0.001) and TNF-α (F = 81.702, P< 0.001) in the 
synovium were also elevated in patients with RA (Table 1).

Additionally, ROC curve analysis indicated the poten
tial diagnostic value of nesfatin-1 levels in the synovium 
(Figure 1C), with an AUC for nesfatin-1 levels of 0.733 
(95% CI [confidence interval]: 0.592–0.875). At a cut-off 
point of 8681.44 pg/g for nesfatin-1, the sensitivity and 
specificity were 77.5% and 60.0%, respectively, for distin
guishing patients with RA from controls.

Relationship Between Synovium 
Nesfatin-1 Levels and Clinical Features in 
the RA Group
As shown in Figure 2A, synovium nesfatin-1 concentra
tions were positively correlated with serum RF levels 

(r = 0.650, P< 0.001) in patients with RA. However, no 
significant relationship was observed between synovium 
nesfatin-1 and anti-CCP (r = 0.084, P = 0.622; 
Figure 2B), ASO (r = 0.299, P = 0.081; Figure 2C), 
CRP (r = 0.159, P = 0.340; Figure 2D), ESR (r = 0.156, 
P = 0.344; Figure 2E), and DAS28-ESR (r = 0.163, P = 
0.321; Figure 2F) in patients with RA.

Relationship Between Nesfatin-1 Levels in 
SF and Clinical Features in the RA Group
As shown in Figure 3, no significant relationship was 
observed between nesfatin-1 in SF and RF (r = 0.294, 
P = 0.082; Figure 3A), anti-CCP (r = 0.127, P = 0.454; 
Figure 3B), ASO (r = 0.233, P = 0.177; Figure 3C), CRP 
(r = 0.051, P = 0.763; Figure 3D), ESR (r = −0.172, P = 
0.296; Figure 3E), and DAS28-ESR (r = −0.041, P = 
0.803; Figure 3F) in patients with RA.

Relationship Between Nesfatin-1 Levels 
and Proinflammatory Cytokines in the RA 
Group
As shown in Figure 4A and B, synovium nesfatin-1 levels 
were positively correlated with IL-1β (r = 0.320, P = 
0.044) and TNF-α (r = 0.589, P< 0.001) levels. 
However, SF nesfatin-1 levels were not correlated with 
IL-1β (r = 0.030, P = 0.853) and TNF-α levels (r = 0.084, 
P = 0.608) (Figure 4C and D).

Figure 1 Nesfatin-1 levels in the synovium of the RA and control groups. (A) Typical immunohistochemistry images of nesfatin-1 protein expression (n = 5); (B) 
Quantitative analysis of nesfatin-1 protein expression based on immunohistochemistry results; (C) ROC curve of synovium nesfatin-1 in the identification of patients with 
RA. The data are presented as the mean ± SEM. **P < 0.01 vs control group.
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Discussion
In the present study, we demonstrated that nesfatin-1, IL- 
1β, and TNF-α levels in the synovium were significantly 
higher in patients with RA than in the control group, with 
age and BMI as covariates. Moreover, the results of the 

Pearson correlation analysis showed that nesfatin-1 levels 
were positively correlated with IL-1β and TNF-α levels in 
the synovium. Furthermore, there was a positive relation
ship between synovium nesfatin-1 levels and serum RF in 
patients with RA. Additionally, the results of the ROC 

Figure 2 Correlation between nesfatin-1 levels in the synovium and clinical features in the RA group. (A) Correlation between synovium nesfatin-1 levels and serum RF 
levels; (B) Correlation between synovium nesfatin-1 levels and serum anti-CCP levels; (C) Correlation between synovium nesfatin-1 levels and serum ASO levels; (D) 
Correlation between synovium nesfatin-1 levels and serum CRP levels; (E) Correlation between synovium nesfatin-1 levels and ESR levels; (F) Correlation between 
synovium nesfatin-1 levels and DAS28-ESR scores.
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curve analysis revealed an AUC of 0.733 with 77.5% 
sensitivity and 60.0% specificity for synovium nesfatin-1 
in discriminating patients with RA from controls.

Age is an important risk factor for both disease onset 
and disease severity in epidemiological studies of RA.22 

The mean age at RA onset has been reported to increase 

significantly from 55.8 years in 2002–2003 to 59.9 years 
in 2012–2013 in Japan using a nationwide database.23 

Similarly, the mean age at RA onset was 59 years in the 
Rochester Epidemiology Project.24 Moreover, approxi
mately 30% of RA cases occur in patients over 60 years 
of age.25 Accordingly, the mean age of patients with RA in 

Figure 3 Correlation between nesfatin-1 levels in SF and clinical features in the RA group. (A) Correlation between SF nesfatin-1 levels and serum RF levels; (B) Correlation 
between SF nesfatin-1 levels and serum anti-CCP levels; (C) Correlation between SF nesfatin-1 levels and serum ASO levels; (D) Correlation between SF nesfatin-1 levels 
and serum CRP levels; (E) Correlation between SF nesfatin-1 levels and ESR levels; (F) Correlation between SF nesfatin-1 levels and DAS28-ESR scores.
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the present study was 58.47 ± 1.35 years. Although obesity 
is another risk factor for the development of RA, accumu
lating evidence has demonstrated that a low BMI is asso
ciated with accelerated mortality in patients with RA.26 

With the development of RA, skeletal muscle protein 
levels decrease, and BMI continually decreases, predomi
nantly due to metabolic disorders caused by rheumatoid 
cachexia, decreased lean body mass, and increased levels 
of proinflammatory cytokines.27 In the present study, 
a lower BMI was observed in patients with RA. To elim
inate the possible influences of age and BMI on synovium 
nesfatin-1 and proinflammatory cytokine levels, ANCOVA 
was performed to compare synovium nesfatin-1 and proin
flammatory cytokine levels between the two groups, con
trolling for age and BMI by using these variables as 
covariates.

Nesfatin-1, a newly discovered feeding regulator, has 
been suggested to play an important physiological role in 

the central nervous system and peripheral tissues.28 There 
is growing evidence that abnormal changes in nesfatin-1 
production are associated with various inflammation- 
related diseases. Specifically, nesfatin-1 levels were sig
nificantly higher in the cerebrospinal fluid of patients with 
multiple sclerosis, a neuroinflammatory disease.29 

Moreover, increased or decreased nesfatin-1 concentra
tions in the peripheral blood have been observed in acute 
myocardial infarction, polycystic ovary syndrome, and 
knee osteoarthritis.14,30,31 These data may allow us to 
presume the involvement of nesfatin-1 in RA, a chronic 
autoimmune disease. In this study, nesfatin-1 levels were 
significantly increased in the synovium of patients with 
RA. To the best of our knowledge, this study is the first to 
report abnormal changes in synovium nesfatin-1 levels in 
patients with RA, providing further clinical data linking 
nesfatin-1 with RA. Additionally, a positive relationship 
was observed between synovium nesfatin-1 concentrations 

Figure 4 Correlation between nesfatin-1 levels and proinflammatory cytokines in the synovium and SF in the RA group. (A) Correlation between nesfatin-1 and IL-1β levels 
in the synovium; (B) Correlation between nesfatin-1 and TNF-α levels in the synovium; (C) Correlation between nesfatin-1 and IL-1β levels in SF; (D) Correlation between 
nesfatin-1 and TNF-α levels in SF.
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and serum RF levels in patients with RA. RF has routinely 
been used as a factor in patients with RA to evaluate 
disease activity and severity.32,33 This corroborates the 
findings of Kvlividze et al, who demonstrated that 
a higher serum nesfatin-1 level was characteristic of 
patients with a more severe clinical course of RA.34 

Overall, these results suggest that increased nesfatin-1 
production may be associated with RA severity.

As the main pathological and pathogenic factor, syno
vial inflammation plays a crucial role in the occurrence 
and progression of RA, mediating articular cartilage and 
bone destruction. Studies to uncover the cause of RA have 
recently scrutinized the importance of proinflammatory 
cytokines, such as TNF-α and IL-1β, in the pathogenesis 
of RA.35,36 TNF-α inhibitors have increasingly been used 
to treat patients with RA who are non-responsive to con
ventional anti-arthritic drugs.37 Accordingly, in the present 
study, synovium proinflammatory cytokines, including IL- 
1β and TNF-α, were elevated in patients with RA, provid
ing further clinical evidence to support the viewpoint that 
agents targeting proinflammatory cytokines may be 
a promising strategy for RA treatment.

Accumulated evidence suggests a link between nesfa
tin-1 and proinflammatory cytokines. Plasma nesfatin-1 
concentrations have been found to be positively correlated 
with IL-6 and CRP concentrations among patients with 
major depressive disorder.38 Moreover, a previous clinical 
study revealed a significant correlation of serum nesfatin-1 
and hsCRP levels with synovial nesfatin-1 and IL-18 
levels in patients with osteoarthritis.39 Furthermore, nesfa
tin-1 was significantly correlated with IL-2 and IL-13 
levels in patients with primary open-angle glaucoma.40 

Additionally, higher serum nesfatin-1 levels have been 
reported to be positively correlated with higher CRP con
centrations in patients with RA.35 Consistent with these 
results, the results of the present study demonstrated that 
nesfatin-1 levels were positively correlated with IL-1β and 
TNF-α levels in the synovium of RA patients, suggesting 
that the involvement of nesfatin-1 in the pathogenesis of 
RA may be related to its correlation with the levels of 
proinflammatory factors.

It has been suggested that adipocytokines may be 
new biological markers that can be used in the diag
nosis of a number of diseases.41,42 In terms of nesfatin- 
1, nesfatin-1 has been reported to be capable of distin
guishing patients from the healthy population in gastric 
cancer,43 major depression44 and epilepsy.45 Therefore, 
in the present study, the potential of nesfatin-1 as 

a biomarker for RA diagnosis was investigated. Based 
on ROC analysis, the nesfatin-1 cut-off point of 
8681.44 pg/g in the synovium was found to exhibit 
77.5% sensitivity and 60.0% specificity, indicating 
that nesfatin-1 in the synovium has a superior diagnos
tic value for RA.

This study had certain limitations. First, the sample 
size was relatively small, and all subjects were recruited 
from a single hospital. Second, due to the cross-sectional 
study design, the causal association between nesfatin-1 
and RA could not be determined. Third, we only measured 
nesfatin-1 levels in the SF of patients with RA, but not in 
healthy controls, because the collection of SF samples is 
invasive, and there are limitations to obtain SF samples 
from healthy controls.46,47 Finally, the serum anti-CCP 
levels of the controls and SF anti-CCP levels of the two 
groups were not measured, which is considered a flaw in 
the study design.

Nonetheless, several clinical implications have been 
highlighted. First, our study suggests that synovium nesfa
tin-1 levels may be related to synovium proinflammatory- 
cytokine levels and RA severity. Second, the level of 
nesfatin-1 in the synovium may be used as a diagnostic 
marker for screening patients with RA. Third, considering 
the antioxidant, anti-inflammatory, and antiapoptotic prop
erties of nesfatin-113 as well as the findings of the present 
study, nesfatin-1 is a potential drug for the treatment of 
RA, a finding that needs to be validated by multicenter and 
longitudinal studies.

In conclusion, high nesfatin-1 levels in the synovium 
are associated with the disease severity of RA (as indi
cated by serum RF levels), which may be related to proin
flammatory cytokine levels. The findings suggest that 
synovium nesfatin-1 is potentially a novel biomarker for 
the diagnosis of RA. Because distinct lymphoid and mye
loid immune cell types in the synovium and their functions 
contribute to RA pathogenesis, future research is required 
to clarify the exact relationship between these immune cell 
types and nesfatin-1 in the synovium.
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