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Background: Rheumatoid arthritis (RA) is a systemic autoimmune inflammatory disease 
that primarily affects joints. Interleukin-37 (IL-37) is an anti-inflammatory cytokine that is 
known to suppress immune response and inflammation. The objective of this study is to 
evaluate the correlation between level of IL-37 and RA progression using the disease activity 
score in 28 joints (DAS-28).
Methods: A total of 87 RA patients were separated into 4 groups based on the DAS28, 
referred to as the remission, mild, moderate and severe groups. 18 healthy volunteers were 
also included. Serum level of IL-37 and IL-37 mRNA expression level in peripheral blood 
mononuclear cells (PBMCs) in each individual participant as well as IL-37 mRNA expres-
sion level in synovial cells were assessed to explore their correlation with RA progression.
Results: Serum level of IL-37 and IL-37 mRNA expression levels in both PBMCs and 
synovial cells were all positively correlated with the severity of RA as reflected by the 
DAS28. Receiver operating characteristic (ROC) analysis revealed area under curve (AUC) 
values of 1, 0.5262 and 0.7789 for the three parameters.
Conclusion: Our results suggest that serum IL-37 level and mRNA expression levels of IL- 
37 in PBMCs and synovial cells are correlated with the severity of RA in a Chinese 
population.
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease, in which the body’s 
own immune system attacks the body’s own joints. Unlike the mechanic-induced 
osteoarthritis that usually occurs in late life, RA can arise at any time. It is 
characterized by synovial cell over-proliferation and lymphocyte invasion that 
result in progressive damage to the articular cartilage and subsequent bone erosion. 
In addition to joints as primary targets, it can also cause other complications, 
including rheumatoid nodules, pulmonary defects, blood vessel inflammation and 
systemic comorbidities.1 A number of cell types are known to be involved in RA 
pathogenesis, including synovial fibroblasts, osteoclasts, immune-related T and 
B lymphocytes and macrophages. Orchestration of these cells stimulates the release 
of various inflammatory mediators that sustain the chronic inflammatory response 
of the disease. Cytokines, including both pro- and anti-inflammatory ones are 
known to play fundamental roles in RA progression via inflammation and articular 
cartilage destruction.2 The efficacy of biological disease-modifying antirheumatic 
drugs (bDMARDs) that target cytokines has been demonstrated in patients 
with RA.3
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RA progression can be classified into 4 stages. Stage 1 
is an early stage of RA where there is inflammation in the 
synovial membrane, but no damage to cartilage or bone is 
detected yet. Stage 2 is a moderate stage of RA where the 
articular cartilage is damaged by the synovial inflamma-
tion. Stage 3 is a severe stage of RA where both the 
articular cartilage and the underneath bones are damaged. 
Stage 4 is the end stage of RA where the joint inflamma-
tion disappears and the joint fails to function any longer. 
Reduced muscle strength, structural damage to the joint 
and bone fusion are often observed at this stage.

Currently, Disease Activity Score (DAS) is the major 
scoring system recommended by the European League 
Against Rheumatism (EULAR) for evaluating the disease 
activity of RA. DAS28 is a modified version of DAS that 
examines 28 joint based on the number of swollen and 
tender joints, visual assessment of patients’ disease sever-
ity and the erythrocyte sedimentation rate (ESR).4 ESR is 
employed to reflect the degree of inflammation. The 4 
stages of RA can be distinguished based on the DAS28 
score: DAS28<2.6 in stage 1, DAS28≤3.2 in stage 2, 
DAS≤5.1 in stage 3 and DAS28>5.1 in stage 4.

Interleukin-37 (IL-37), a member of the anti- 
inflammatory cytokines, is initially produced as 
a precursor protein that is later processed by Caspase-1 
to release its mature form.5 Functions of IL-37 have been 
implicated in a number of tissues and immune cell types, 
such as bone marrow, thymus, lymph nodes, monocytes 
and B lymphocytes.6 Its role in suppressing the production 
of various cytokines involved in inflammatory response 
has been proposed in different in vivo and in vitro 
models.7–11 Elevated serum IL-37 level has been shown 
to be closely related to inflammatory cytokines and RA 
progression.12 Upon anti-RA drug treatment, serum IL-37 
level could be greatly reduced in RA patients.13 However, 
how levels of IL-37 correlate with the severity of RA 
remains unclear. In the present study, we aim to investigate 
the correlation between the IL-37 levels in serum and 
synovial tissues and the DAS28 scores in RA patients 
with different severities.

Methods
Patients and Study Design
The study was approved by the ethical committee of 
Daping hospital (2018-97254) and performed in accor-
dance with the Chinese regulation and Helsinki declara-
tion. Verbal consent was obtained from all patients. The 

purpose and design of the study was carefully explained to 
all participants accompanied by their close relatives before 
verbal consent was obtained according to the guidance 
provided by the ethical committee. Verbal consent was 
selected due to the limited writing ability of some partici-
pants. This procedure has been approved by the ethical 
committee.

A total of 87 RA patients recruited at our hospital 
and 18 healthy volunteers were included in the study. 
DAS28 was assessed for all RA patients, based on 
which they were divided into 4 groups: remission 
(DAS28≤2.6), mild (2.6<DAS28≤3.2), moderate 
(3.2<DAS28≤5.1) and severe (DAS28>5.1). Blood sam-
ples were collected from all participants. Peripheral 
blood mononuclear cells (PBMCs) were collected from 
all participants by Ficoll-Paque premium (Sigma) and 
density gradient centrifugation under sterile conditions. 
Synovial tissues were collected from RA patients in the 
severe group who suffered from erosive inflammation 
and underwent surgery. Synovial cells were immediately 
isolated from the synovial tissues as previously 
described14 for RNA extraction. Briefly, after surgery 
pieces of the superficial layer of the synovium were 
collected for collagenase digestion. The digested tissue 
was filtered through a 0.2 µm filter to collect the syno-
vial cells.

Serum IL-37 Assessment
Blood samples were stabilized and fractionated into serum 
and blood cells by centrifugation. Serum was collected and 
stored at −80°C until use. IL-37 concentration was 
detected by enzyme-linked immunosorbent assay 
(ELISA) kits according to the manufacturer’s instructions 
(AdipoGen, Liestal, Switzerland). Briefly, microtiter plates 
were coated with horse radish peroxidase (HRP)- 
conjugated antibody against IL-37 before samples were 
added and incubated for 2 hours at 37°C. TMB substrate 
was subsequently added for the development of color 
reaction. OD values at 450 nm were recorded.

RNA Extraction and RT-PCR
Total RNA extraction from PBMCs and synovial cells, 
cDNA synthesis and RT-PCR for IL-37 level were per-
formed as previously described.15 The 2−ΔΔCt method was 
used to determine the relative expression of IL-37. PCR 
products were verified by melting curve analysis. The 
relative expression of IL-37 was normalized to β-actin. 
The following primer sequences were used:
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IL-37:
5ʹ-AGTGCTGCTTAGAAGACCCGG-3ʹ; 5ʹ-AGAGTC 

CAGGACCAGTACTTTGTGA-3ʹ
β-actin:
5ʹ-CCTGACTGACTACCTCATGAAG-3ʹ; 5ʹ-GACGT 

AGCACAGCTTCTCCTTA-3

Statistical Analysis
GraphPad Prism 7 was used to analyze all the data. One-way 
ANOVA combined with post hoc test, correlation analysis 
and receiver operating characteristic (ROC) were performed. 
D’Agostino’s K-squared test was used to confirm the normal 
distribution of the data. Levene’s test was performed to con-
firm the homogeneity of variance for all samples. A P value 
less than 0.05 was considered statistically significant.

Results
General Features of Participants
Characteristics of all participants, including RA patients in 
the 4 groups and the healthy volunteers, were listed in Table 
1. In general, age, gender and body mass index (BMI) were 
all comparable among the participants of the 5 groups, with 
a P value of 0.9934, 0.8562, 0.3122, respectively.

Correlation Between Serum IL-37 Level 
and DAS28
We first compared the IL-37 level in the serum among the 
participants in the 5 groups and found that the more severe 
the RA progression in the patients the higher the IL-37 level 
was present in their blood, where the healthy volunteers had 
the lowest (Figure 1A). One-way ANOVA analysis revealed 
a P value less than 0.0001 for the comparison among the 5 
groups. Then, we performed correlation analysis between the 
serum IL-37 level and the DAS28 in all RA patients and 
revealed a positive correlation between the two factors 
(Figure 1B). Next, we plotted the ROC to further assess the 
potential of serum IL-37 as a diagnostic factor for RA and 
revealed an area under curve (AUC) value of 1 (Figure 1C).

Taken together, these data suggest that the serum IL-37 
level is tightly correlated with the severity of RA as 
reflected by the DAS28 and has a great potential to be 
used as a diagnostic factor for RA.

Correlation Between IL-37 mRNA Level 
in PBMC and DAS28
To further confirm the role of blood IL-37 level in RA, we 
assessed the mRNA level of IL-37 in the PBMCs of the 
participants in the 5 groups. Consistently, it also increased 
with the increasing RA severity and remained at the lowest 
level in the healthy volunteers (Figure 2A). One-way 
ANOVA analysis revealed a P value less than 0.0001 for 
the comparison among the 5 groups. Correlation analysis 
revealed a positive correlation between the IL-37 mRNA 
level in PBMC and the DAS28 (Figure 2B). In addition, an 
AUC value of 0.5262 was identified in the ROC (Figure 
2C). These data further support the expression of IL-37 in 
blood-related cells as a diagnostic factor for RA.

Correlation Between IL-37 mRNA Level 
in Synovial Cell and DAS28
Given that the synovial level of IL-37 has been proposed 
to be associated with osteoarthritis,16 we wondered 
whether it also affects the progression of RA. Therefore, 
we assessed the mRNA level of IL-37 in the synovial cells 
of the patients in the severe RA group who underwent 
surgical treatment and correlated it with the DAS28 in 
these patients. Indeed, we revealed a positive correlation 
between the two factors (Figure 3A) and an AUC value of 
0.7789 was identified in the ROC (Figure 3B).

Taken together, these data further suggest that IL-37 
expression level in the synovial cells also can be 
a potential candidate for RA diagnosis.

Discussion
RA is a systemic and chronic autoimmune disease character-
ized by inflammation, cell infiltration, excessive synovial cell 

Table 1 Characteristics of All Participants

Characteristics Remission 
(n=20)

Mild 
(n=23)

Moderate 
(n=22)

Severe 
(n=22)

Healthy Volunteers 
(n=18)

P value

Age (year) 50.15±11.32 51.17±14.42 49.36±12.4 50.09±11.94 50.33±12.54 0.9934

Gender (Male:Female) 11:9 11:12 12:10 13:9 9:9 0.8562
BMI (kg/m2) 23.01±1.7 22.74±1.75 23.62±1.84 22.92±1.92 22.53±1.15 0.3122

DAS28 1.86±0.52 2.92±0.14 4.09±0.58 6.87±1.07

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S309436                                                                                                                                                                                                                       

DovePress                                                                                                                       
1907

Dovepress                                                                                                                                                              Zhu et al

https://www.dovepress.com
https://www.dovepress.com


proliferation and bone destruction. Many studies have linked 
the elevated levels of inflammatory cytokines with RA 
progression,17,18 among which IL-37 has been proposed to 

play an important role.9,13,15,19 However, these studies are 
limited by their small sample size and a clear correlation 
between IL-37 and RA progression in patients with differential 

Figure 2 IL-37 mRNA expression level in PBMC is positively correlated with the RA progression. (A) IL-37 mRNA expression level in PBMC comparison in the 5 groups of 
participants. P<0.0001 is the One-way ANOVA analysis among the 5 groups. (B) Correlation analysis of IL-37 mRNA expression level in PBMC and the DAS28 in all RA 
patients. (C) ROC of IL-37 mRNA expression level in PBMC and the DAS28 in all RA patients. Y axis in (A) and (B) is the 2−ΔΔCt value of IL-37 normalized to the 2−ΔΔCt 

value of β-actin.

Figure 3 IL-37 mRNA expression level in synovial cells is positively correlated with the RA progression. (A) Correlation analysis of IL-37 mRNA expression level in synovial 
cells and the DAS28 in RA patients of the severe group. Y axis is the 2−ΔΔCt value of IL-37 normalized to the 2−ΔΔCt value of β-actin. (B) ROC of IL-37 mRNA expression 
level in synovial cells and the DAS28 in RA patients of the severe group.

Figure 1 Serum IL-37 level is positively correlated with the RA progression. (A) Serum IL-37 level comparison in the 5 groups of participants. P<0.0001 is the One-way 
ANOVA analysis among the 5 groups. (B) Correlation analysis of serum IL-37 level and the DAS28 in all RA patients. (C) ROC of serum IL-37 level and the DAS28 in all RA 
patients.

https://doi.org/10.2147/IJGM.S309436                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 1908

Zhu et al                                                                                                                                                              Dovepress

https://www.dovepress.com
https://www.dovepress.com


RA severities. In the present study, we explored the potential of 
IL-37 as a diagnostic factor for RA. We found that the serum 
level of IL-37 and the mRNA levels of IL-37 in both PBMCs 
and synovial cells were all positively correlated with RA 
severity as reflected by the DAS28. Results of ROC analysis 
strongly support the IL-37 levels in all three tested compart-
ments are potential diagnostic factors for RA. Our data are in 
line with the previous studies that level of IL-37 is correlated 
with RA activity.15,20,21 On top, our study correlates the levels 
of IL-37 with the severity of RA in a Chinese population.

Recently, growing evidence has implicated the role of IL- 
37 as a natural suppressor in rheumatic autoimmune diseases. 
IL-37 is long considered as a cytokine that possesses dual- 
functions in both intracellular and extracellular 
compartments.5 It has been shown to suppress inflammation 
in a number of disease models, including lipopolysaccharide- 
induced shock,9 hepatic ischemia/reperfusion (I/R) injury10 

and obesity-induced inflammation and insulin resistance.7 

Elevated level of IL-37 was observed in several autoimmune 
diseases, such as chronic hepatitis B virus infection,22 chronic 
inflammatory bowel disease,23 and systemic lupus 
erythematosus.24 At the meantime, decreased IL-37 expression 
was detected in patients with intervertebral disc 
degeneration.25 Multiple studies have suggested the correlation 
between IL-37 level and pro-inflammatory cytokine produc-
tion. Immunohistochemical staining of the synovial lining of 
RA patients has shown elevated IL-37 level as compared to 
healthy controls.9 IL-37 and other pro-inflammatory cytokines 
are known to mutually affect each other in RA patients.21,26 

Despite of the increasing levels of IL-37 in RA patients, they 
are still relatively low compared to other pro-inflammatory 
cytokines, which might be a possible reason that underlies 
RA progression.27 In addition, IL-37 has been proven to inhibit 
the expression of pro-inflammatory cytokines such as IL-1, IL- 
6, IL-8, IL-17, IL-23, TNF-α, and IFN-γ.28 Therefore, it is 
reasonable to assume that the uncontrolled inflammation in RA 
is a result of inadequate anti-inflammation cytokines, such as 
IL-37.21 In line with this notion, decreased level of serum IL- 
37 was observed in remission RA patients majorly regulated by 
the pro-inflammatory cytokines.13 Taking into account of our 
results and these previous studies, it is possible that during RA 
progression increased amount of IL-37 is produced to inhibit 
the elevated level of inflammation, likely via suppression of 
pro-inflammatory cytokines.

There are a few limitations in the current study. First, 
we could not investigate the serum and cellular levels of 

other inflammatory-related cytokines and their correlation 
with RA progression, as well as the IL-37 level. It is worth 
noting that correlation of other cytokines with RA progres-
sion will not affect our current conclusion on IL-37, since 
the mechanism of action of individual cytokines is rela-
tively specific. Second, future study should focus on inves-
tigating the molecular mechanisms underlying the role of 
IL-37 in RA progression. Third, our current study only 
studied the Chinese RA population. Further studies on 
other ethnic groups and bigger patient populations are 
necessary. Fourth, due to the nature of this single- 
institution study, the sample size is rather limited. Future 
multi-institutional studies with larger sample size are 
needed to solidify our findings.

In summary, our study shows that serum IL-37 level and 
expression levels of IL-37 in PBMC and synovial cell are 
positively correlated with RA progression, where the former 
can be used as a potential biomarker for RA severity diag-
nosis when patients are admitted to the hospital for blood test.
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