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Interleukin-37 elevation in patients with atrial fibrillation
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Background: Inflammation is closely related to atrial fibrillation (AF) pathogenesis, and

interleukin-37 (IL-37) represents a new member of the anti-inflammatory cytokines.

Hypothesis: IL-37 might play an important role in AF development and act as a potential risk

factor for AF diagnosis.

Methods: The mRNA level of IL-37 in peripheral blood mononuclear cells (PBMCs) and serum

IL-37 levels in AF patients and healthy controls were measured by real-time polymerase chain

reaction (RT-PCR) and enzyme-linked immunosorbent assay (ELISA). PBMCs from AF patients

were stimulated with recombinant IL-37. Levels of pro-inflammatory cytokines IL-6 and C-

reactive protein were determined by RT-PCR and ELISA.

Results: IL-37 mRNAs and serum protein levels were higher in patients with AF or lone AF

compared with healthy controls. Patients with paroxysmal AF or persistent AF showed higher

IL-37 mRNAs and serum protein levels compared with those with permanent AF as well as

healthy controls. In vitro, IL-37 inhibited the production of IL-6 and C-reactive protein in

PBMCs of patients with AF.

Conclusions: IL-37 is elevated in AF patients and its expression is closely associated with AF

subgroups. Thus, IL-37 may provide a novel research target for the pathogenesis and therapy

of AF. This study is the first to document elevated IL-37 in AF patients.
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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common abnormal heart rhythm in

clinical practice with high incidence, prevalence, and related mortal-

ity.1–4 AF causes irregular blood flow in the heart chamber and for-

mation of blood clots, which lead to stroke or heart failure (HF).5 In

patients with existing HF, the development of AF doubles mortality;

and in patients with existing AF, the development of HF triples mor-

tality.6 When AF and HF occur in combination, clinical outcomes are

particularly poor.7–10 This makes identifying and treating AF

extremely important.

Advanced age, HF, diabetes mellitus, obesity, and cigarette smok-

ing are established risk factors for AF.11–13 Inflammation is activated

in all these conditions. Furthermore, increasing pathological evidence

suggests a direct link between inflammation and atrial remodeling

and, consequently, maintenance of AF.14 Previous data have shown

that inflammation is closely related to AF pathogenesis.15,16 AF

occurring after cardiac surgery is closely associated with the activa-

tion of the complement system and release of pro-inflammatory cyto-

kines.17,18 Inflammatory infiltrates, myocyte necrosis, and fibrosis

have been demonstrated in the atrial biopsies of patients with lone

AF refractory to antiarrhythmic therapy.14

However, most studies only focused on the pro-inflammatory

factors, such as C-reactive protein (CRP) and interleukin-6 (IL-

6).17–23 Actually, both pro-inflammatory and anti-inflammatory fac-

tors work together to maintain immune-system homeostasis, and the

imbalance of these 2 groups of factors would cause detrimental con-

sequences to the tissues.24 Interleukin-37 (IL-37) represents a new

member of the anti-inflammatory cytokines and exerts an anti-

inflammatory effect in inflammatory diseases.24,25 Recent studies

found that IL-37 is elevated significantly in peripheral blood of

patients with acute coronary syndrome26 and acute myocardial

infarction,27 and it had a cardioprotective effect in a mouse model

of myocardial infarction.28
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However, the level of IL-37 in AF patients and how the expres-

sion of IL-37 relates to AF have not been explored. In this study, we

compared the level of IL-37 mRNA in peripheral blood mononuclear

cells (PBMCs) and serum IL-37 protein levels in AF patients with the

levels in healthy controls. Moreover, we investigated the effects of

IL-37 on the expression of pro-inflammatory cytokine IL-6 and CRP

in the PBMCs of AF patients.

2 | METHODS

2.1 | Patients

Using a case–control study design, IL-37 levels in a group of patients

with AF were compared with those of a control group of patients in

sinus rhythm who were undergoing routine physical examination. We

prospectively enrolled 125 consecutive patients with AF into this

study. An age- and sex-matched group of 42 healthy people was con-

sidered the control group. Detailed medical history, physical examina-

tion, and routine biochemical testing were performed, in addition to a

12-lead electrocardiogram. Using transthoracic echocardiography,

valve function, left ventricular size and function (left ventricular ejec-

tion fraction), and left atrial diameter were evaluated as previously

described. The diameter of the left atrium was measured in the para-

sternal long-axis view. AF duration was determined by the patient

description of a well-defined and abrupt-onset palpitation with sub-

sequent electrocardiographic evidence of AF at the time of presenta-

tion. Exclusion criteria were as follows: known coronary artery

disease or acute coronary syndromes; surgery within 60 days; a his-

tory of infection; chronic inflammatory, hepatic, or malignant disease;

chronic renal failure; use of anti-inflammatory drugs; and LVEF <40%.

The protocol of this study was approved by the hospital’s ethics com-

mittee, and each patient gave written consent.

2.2 | AF classification

Lone AF was defined as AF occurring in the absence of structural heart

disease and could include patients with hypertension but without struc-

tural heart disease. AF lasting ≤7 days was defined as paroxysmal

AF.29–33 AF duration of >7 days was further divided into 2 subgroups:

persistent and permanent. Persistent AF was successfully converted to

sinus rhythm (electrical cardioversion), whereas AF was considered per-

manent when cardioversion was a failure or it was not considered due

to excessive dilated left atrium or low success rate.29–32

2.3 | Enzyme-linked immunosorbent assay

Blood samples were collected from peripheral veins. PBMCs were

isolated by Ficoll-Paque Plus (Stem Cell Tech Inc., Vancouver,

Canada) density gradient centrifugation and stored at −80�C until

RNA extraction. Serums were frozen at −80�C until cytokines were

detected. CRP was assayed by immunoturbidimetric method using an

Abbott Aeroset automated analyzer (Abbott Laboratories, Abbott

Park, Illinois) in serum samples according to the manufacturer’s proto-

col. CRP concentrations were determined with a detection limit of ≈

0.005 mg/dL. IL-6 was measured by immunoenzymetric method

using an IL-6 enzyme-amplified sensitivity immunoassay (EASIA) kit

(BioSource Europe S.A., Nivelles, Belgium) in plasma samples, as

described previously.

Serum and cell culture supernatant IL-37 levels were determined

by ELISA following the manufacturer’s instructions. IL-37 was quanti-

fied using ELISA reagent kits purchased from Adipogen Corp. (San

Diego, California).

2.4 | Recombinant human IL-37 protein cloning

IL-37 gene (Homo sapiens [human]) was amplified from cDNA of

PBMCs using the primer pair 50-CGGGATCCATGGTTCACA-

CAAGTCCA-30 and 50-CCCAAGCTTCTAATCGCTGACCTCACT-30.

The PCR fragments were double digested with restriction endonu-

cleases and ligated into the prokaryotic expression vector. The fusion

protein was expressed in a stable prokaryotic expression system. The

plasmids of positive clones were then sequenced by the Sanger

method with 100% identification with the published sequence

(GenBank: AF167368). The induced and uninduced cultures were

analyzed by sodium-dodecyl sulfate polyacrylamide gel electrophore-

sis (SDS-PAGE) to identify the expression of recombinant protein.

The harvested cells were resuspended in NaCl-Tris–HCl buffer, soni-

cated in an ice bath, centrifuged at 12 000 rpm for 30 minutes, and

then the supernatants were collected. The supernatants were added

to a 1-mL HisTrap HP column (GE Healthcare, Piscataway, New Jer-

sey) that had been equilibrated with NaCl-Tris–HCl buffer. Different

concentrations of imidazole buffer were used to elute the recombi-

nant protein. Collected target protein peaks were examined by SDS-

PAGE electrophoresis and immunoblot analysis using antihuman IL-

37 antibody (Abcam, Cambridge, United Kingdom). The eluted recom-

binant protein was dialyzed in phosphate-buffered saline at 4�C over-

night. The concentration was detected by the Bradford method, and

the recombinant protein was stored at −20�C.

2.5 | Cell culture condition

The culture medium consisted of RPMI 1640 (Hyclone; Thermo

Fisher Scientific, Logan, Utah) supplemented with 10% fetal calf

serum (Hyclone), 100 IU/mL penicillin, and 100 μg/mL streptomycin

(Hyclone). Whole PBMCs were cultured in 24-well, flat-bottomed

plates (5 × 105 cells/mL/well) for 24 hours. PBMCs were stimulated

with or without human recombinant IL-37 at 100 ng/mL for 24 hours

and then incubated further with LPS (1 μg/mL) for 6 hours. Total

RNAs were extracted, and cytokine transcriptions were analyzed by

RT-PCR. Culture supernatants were harvested and frozen at −80�C

for later cytokine analysis by ELISA.

2.6 | RNA extraction and RT-PCR

Total RNA was extracted from PBMCs with Trizol (Invitrogen, Carls-

bad, California) according to the manufacturer’s instructions. Then the

quantity and purity of RNA was determined by absorbance on a Filter-

Max F5 multi-mode microplate reader (Molecular Devices, Sunnyvale,

California) at 260 nm and 280 nm. Samples with ratios from 1.8 to 2.0

were accepted for next reverse transcription reaction. cDNA was
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prepared by using the iScript cDNA Synthesis kit (Bio-Rad Labora-

tories, Hercules, California). Polymerase chain reaction primers

(Generay Biotechnology, Shanghai, China) used for RT-PCR were as

follows: for IL-37, sense: 50-AGTGCTGCTTAGAAGAC CCGG-30 and

antisense: 50-AGAGTCCAGGACCAGTACTTTGTGA-30; for IL-6, sense:

50-AGCCACTCACCTCTTCAGAAC-30 and antisense: 50-ACATGTCTC

CTTTCTCAGGGC-30; for CRP, sense: 50-AGCCTCTCT-

CATGCTTTTGG-30 and antisense: 50-TGTCTCTTGGTGGCATACGA-

30; and for β-actin, sense: 50-CCTGACTGACTACCTCATGAAG-30 and

antisense: 50-GACGTAGCACAGCTTCTCCTTA-30. RT-PCR amplifica-

tion reaction was prepared with the SYBR Green PCR kit (Bio-Rad)

and performed using the 7500 Fast RT-PCR system (Applied Biosys-

tems, Carlsbad, California). PCR products were verified by melting

curve analysis. Relative mRNA levels of target genes were calculated

by the 2-ΔΔCt method.

2.7 | Statistical analysis

Data were expressed as mean � SE and analyzed by GraphPad Prism

version 5.00 (GraphPad Software, San Diego, California). Comparisons

between groups were made using the nonparametric Mann–Whitney

U test. P values <0.05 were considered statistically significant.

3 | RESULTS

3.1 | Patient population

IL-37, IL-6, and CRP were assayed in 125 patients with atrial fibrilla-

tion (AF) and 42 control patients. Of all 125 AF patients, 30 had par-

oxysmal AF, 41 had permanent AF, and 54 had persistent AF. Lone

AF was present in 38 patients (18 paroxysmal, 4 permanent, and

16 persistent). AF patients had higher prevalence of hypertension,

valvular heart disease, and cardiomyopathy (see Supporting Informa-

tion, Table 1, in the online version of this article). Persistent and per-

manent AF subgroups had similar characteristics except for left atrial

diameter and duration of AF (see Supporting Information, Table 2, in

the online version of this article).

3.2 | Increased serum levels of IL-37 and pro-
inflammatory cytokines in AF patients

To compare the protein level of IL-37 between the patients with AF

and healthy controls (HCs), ELISA was used to measure serum IL-37

level. The results showed that the serum IL-37 levels in AF patients

and lone AF patients were significantly higher than those from HCs

(P = 0.0006 and P < 0.0001, respectively; Figure 1A). To investigate

the protein level of major pro-inflammatory cytokines involved in AF

pathogenesis, the serum levels of IL-6 and CRP were measured by

ELISA in AF patients and controls, respectively; pro-inflammatory

cytokine IL-6 (P < 0.0001; Figure 1B) and CRP (P < 0.0001;

Figure 1C) serum levels in AF patients and lone AF patients were sig-

nificantly higher than those from HCs. These results showed that IL-

37 protein levels were elevated in AF patients, and also pro-

inflammatory factor IL-6 and CRP, indicating that IL-37 is probably

associated with the pathogenesis of AF.

3.3 | Up-regulated expression of IL-37 mRNA and
pro-inflammatory cytokines in PBMCs of AF patients

The mRNA level of IL-37 and pro-inflammatory cytokines in PBMCs

were investigated in AF patients and HCs. Compared with controls,

the IL-37 mRNA level was significantly higher in PBMCs of patients

with AF (P < 0.0001) and lone AF (P < 0.0001; Figure 2A). Consist-

ently, the expression of pro-inflammatory cytokine IL-6 (P < 0.0001;

Figure 2B) and CRP (P < 0.0001; Figure 2C) were also notably higher

in AF and lone AF patients than in HCs. These data indicated that the

expression of IL-37 in PBMCs was elevated in AF patients, the same

as pro-inflammatory cytokine IL-6 and CRP.

3.4 | IL-37 mRNA and serum protein levels were
higher in paroxysmal and persistent AF compared
with permanent AF

We further investigated whether the expression of IL-37 was related

to AF subgroups. Serum IL-37 level was higher in paroxysmal AF

patients compared with HCs, persistent AF patients, and permanent

AF patients (P < 0.0001; Figure 3A). Serum IL-37 level was higher in

persistent AF patients compared with HCs and permanent AF

patients (P < 0.0001; Figure 3A), whereas there was no significant

difference between HCs and permanent AF patients (P = 0.09;

Figure 3A). IL-37 mRNA level analysis in PBMCs showed the same

pattern (Figure 3B). These results showed that the expression of IL-

37 corresponded to the AF subgroups.

3.5 | IL-37 suppressed production of pro-
inflammatory cytokines in PBMCs of AF patients

It has been demonstrated that IL-37 inhibited the excessive inflam-

matory response in autoimmune diseases. To investigate whether the

elevated IL-37 was responsible for the down-regulation of pro-

inflammatory cytokines in PBMCs in AF patients, PBMCs from all AF

patients were cultured and either treated or untreated with purified

recombinant human IL-37 protein at concentrations of 100 ng/mL

for 24 hours. The cells and cultural supernatants were harvested for

RT-PCR and ELISA analysis, separately. The recombinant IL-37 mark-

edly reduced the secretion of pro-inflammatory cytokines IL-6

(P = 0.0178; Figure 4A) and CRP (P = 0.0112; Figure 4B) in PBMCs

of AF patients. Moreover, treatment with recombinant IL-37 also sig-

nificantly suppressed the mRNA level of IL-6 (P = 0.0013; Figure 5A)

and CRP (P = 0.0092; Figure 5B) in PBMCs of AF patients. These

results suggested that IL-37 suppressed the excessive inflammation

by inhibiting the expression of pro-inflammatory cytokines.

4 | DISCUSSION

It is well known that there is a significant relationship between ather-

osclerosis and inflammation.34,35 Similarly, increasing attention has

been paid to the relationship between AF and inflammation. It is con-

sidered that this arrhythmia may result from fibrosis or degeneration

of atrial muscles, to which underlying heart disease or aging can

lead.36
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Several studies showed that inflammation process is involved in

the pathogenesis of AF.14,15,21,23 It is suggested that inflammation

contributes to both occurrence and persistence of AF. Inflammation

may impair intracellular calcium current, leading to electrical remodel-

ing in atrial tissue.37 It was shown that higher inflammation status

during sinus rhythm potentially increases the risk of occurrence of AF

FIGURE 1 Comparison of (A) serum IL-37 protein levels, (B) serum IL-6 concentrations, and (C) serum CRP concentrations in overall AF patients

(N = 125), lone AF patients (n = 38), and HCs (n = 42), as determined by ELISA. Results are depicted as box plots; middle line indicates median,
bottom of box indicates 25th percentile, and top of box indicates 75th percentile. Mann–Whitney U test and associated P values are indicated.
Abbreviations: AF, atrial fibrillation; CRP, C-reactive protein; ELISA, enzyme-linked immunoassay; HC, healthy controls; IL, interleukin.

FIGURE 2 Comparison of (A) level of IL-37 mRNA in PBMCs, (B) level of IL-6 mRNA in PBMCs, and (C) level of CRP mRNA in PBMCs in overall

AF patients (N = 125), lone AF patients (n = 38), and HCs (n = 42), as determined by RT-PCR. Results are depicted as box plots; middle line
indicates median, bottom of box indicates 25th percentile, and top of box indicates 75th percentile. Mann–Whitney U test and associated
P values are indicated. Abbreviations: AF, atrial fibrillation; CRP, C-reactive protein; HC, healthy controls; IL, interleukin; PBMC, peripheral blood
mononuclear cell; RT-PCR, real-time polymerase chain reaction.

FIGURE 3 Comparison of IL-37 protein

and mRNA levels among paroxysmal AF,
persistent AF, and permanent AF patients
with HCs. (A) Serum IL-37 protein level in
AF subgroups compared by ELISA, and
(B) IL-37 mRNA level in PBMCs in AF
subgroups compared by RT-PCR with those
from HCs (paroxysmal AF, n = 30;
persistent AF, n = 54; permanent AF,
n = 41; HCs, n = 42). Results are depicted
as box plots; middle line indicates median,
bottom of box indicates 25th percentile,
and top of box indicates 75th percentile.
Mann–Whitney U test and associated
P values are indicated. Abbreviations: AF,
atrial fibrillation; ELISA, enzyme-linked
immunosorbent assay; HC, healthy controls;
IL, interleukin; PBMC, peripheral blood
mononuclear cells; RT-PCR, real-time
polymerase chain reaction. * Indicates
P < 0.0001.
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in a follow-up period.38 These data support that inflammation contri-

butes to occurrence of AF by means of gradually stimulating electrical

remodeling.

In the present study, we found the novel association of AF with

IL-37, a marker of anti-inflammation. IL-37 was higher in AF patients

and lone AF patients when compared with control patients with no

history of atrial arrhythmia. In subgroup analyses, higher IL-37 levels

were observed in patients with paroxysmal AF and persistent AF

compared with permanent AF, as well as in control patients in sinus

rhythm. These results suggest that elevated IL-37 may be related to

the “burden” or type of AF. The association of IL-37 elevation with

AF provides more evidence of the inflammation mechanism in AF

development. Treating the PBMCs with IL-37 significantly suppressed

the expression of pro-inflammatory factor IL-6 and CRP. It may be

considered that inflammation with low anti-inflammation cytokines

may be responsible for resistance to cardioversion in AF patients.

4.1 | Study limitations

Our hypothesis requires further studies with more patients and more

analysis of pro-inflammatory and anti-inflammatory factors.

Furthermore, the exclusion criteria are very broad in the current

study, and it needs further investigations in detail.

5 | CONCLUSION

Our study provides additional support for the role of inflammation in

the occurrence of AF, demonstrating that the expression level of IL-

37 is correlated with the clinical manifestations of AF. It is unclear at

present whether promotion of IL-37 level would have a beneficial

effect on the clinical incidence or persistence of AF. It is conceivable

that the prevention of AF in patients with elevated inflammation

might be improved by the use of anti-inflammatory agents. Neverthe-

less, the inflammation pathways may provide a potential target for

pharmacological interruption or reversal of atrial structural remodel-

ing and AF. Currently available pharmacological treatments for AF

have limited efficacy and potentially toxic side effects. Inflammatory

mechanisms may form a basis for new, better-tolerated pharmacolog-

ical approaches for treating AF. The anti-inflammatory factor IL-37 is

closely related to AF pathogenesis and subgroups, and it may be use-

ful for preventing AF development.

FIGURE 4 Interleukin-37 inhibits the

secretion of pro-inflammatory cytokines in
PBMCs of patients with AF. PBMCs from
AF patients (N = 125) and HCs (n = 42)
were stimulated with IL-37 (100 ng/mL) for
24 hours, and the supernatants were
examined for (A) IL-6 and (B) CRP levels by
ELISA. Results are depicted as box plots;
middle line indicates median, bottom of box

indicates 25th percentile, and top of box
indicates 75th percentile. Mann–Whitney
U test and associated P values are
indicated. Abbreviations: AF, atrial
fibrillation; CRP, C-reactive protein; ELISA,
enzyme-linked immunosorbent assay; HC,
healthy controls; IL, interleukin; PBMC,
peripheral blood mononuclear cells.

FIGURE 5 Interleukin-37 inhibits the

expression of pro-inflammatory cytokines
in PBMCs of patients with AF. PBMCs from
AF patients (N = 125) and HCs (n = 42)
were stimulated with IL-37 (100 ng/mL) for
24 hours, and the total RNAs were
extracted and analyzed for (A) IL-6 and
(B) CRP mRNA levels by RT-PCR. Results
are depicted as box plots; middle line
indicates median, bottom of box indicates
25th percentile, and top of box indicates
75th percentile. Mann–Whitney U test and
associated P values are indicated.
Abbreviations: AF, atrial fibrillation; CRP, C-
reactive protein; ELISA, enzyme-linked
immunosorbent assay; HC, healthy
controls; IL, interleukin; PBMC, peripheral
blood mononuclear cell; RT-PCR, real-time
polymerase chain reaction.
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