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Abstract: Background: Interleukin-37 (IL-37) is a new discovered member of the interleukin family and plays anti-
inflammatory effect in some inflammatory disease. A recent study found that IL-37 elevated significantly in periph-
eral blood of patients with acute myocardial infarction. We aimed to explore the effect IL-37 on cardiac function after
mice myocardial infarction (Ml) and its mechanism. Methods: Acute Ml mouse model was established and divided
into three groups: sham group, Ml group and IL-37 treatment group. MPO expression was detected by immunohisto-
chemistry; NF-kB signaling pathway was tested by Western blot; and cardiac function was measured by echocardiog-
raphy. Results: Compared with M| mice, IL-37 treatment showed an obvious decrease of MPO expression, suppres-
sion of p-p65 expression, and improved cardiac function by decreasing left ventricular shortening fraction (LVFS).
Conclusion: IL:37 may improve MI mice cardiac function via inhibition of inflammatory NF-«kB signaling pathway.
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Introduction

Interleukin-37 (IL-37) is a newly discovered
member of the interleukin family. It mainly
expresses in the brain, kidney, heart, peripher-
al blood mononuclear cells, and dendritic cells,
etc. It can inhibit inflammation and immune
reaction [1, 2]. Previous study reported that the
proinflammatory factor tumor necrosis factor o
(TNFo), IL-1B, and IL-18 can up-regulate 1L-37
expression [3]. It was also found that IL-37
exhibits anti-inflammatory effect in sepsis and
liver ischemia-reperfusion model [4]. All of the
abovementioned studies suggest that IL-37
presents anti-inflammatory and protect effects
in inflammatory diseases. More importantly,
recent study reveals that IL-37 level increased
obviously in peripheral blood of acute myocar-
dial infarction (MI) patients [5]. This indicates
IL-37 may be associated with acute myocardial
infarction. Our study aimed to explore the effect
of IL-37 on cardiac function after mice Ml and
its mechanism.

Materials and methods
Acute MI mouse modeling and grouping

45 C57BL/6 male mice at 11-12 weeks and
weighted 25 g were obtained from Vital River

co., LTD (Beijing, China). Mice were randomly
divided into three groups: control group, M
group, and Ml + IL-37 group. Ml modeling pro-
cess was as follows: The mouse was anaesthe-
tized by 50 mg/kg sodium pentobarbital.
Surgery was conducted under aseptic condi-
tions. An incision was made through the skin on
the fourth rib and the heart was exposed. An
8-0 sterile surgical suture was used to ligature
the left coronary artery. When the mouse myo-
cardium changed white and ST segment sus-
tained elevation can determine the success of
myocardial infarction model establishment. 2
pg IL-37 (R&D Company, USA) was intraperito-
neal injected to the mice in the IL-37 treatment
group on the first day after Ml modeling and
sustained for 1 week. The coronary artery was
only threaded but not ligatured by suture on the
mice in the sham surgery group.

Mice were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of our hospital.

Ultrasonic cardiac function evaluation

Echocardiography was performed using a
Siemens 520 ultrasound machine and a 15L8
ultrasonic probe. After a short-axis 2-D image of
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Figure 1. MPO expression in each group (Bar = 100 ym).
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Figure 2. IL-37 inhibition on NF-kB signaling path-
way in acute MI mice. *Compared with Ml group, P
< 0.05.

the left ventricle was obtained at the level of
the papillary muscles, 2-D guided M-mode
images were acquired at a sweep speed of 100
mm/s and stored digitally. Left ventricular end
diastolic diameter (LVEDd) and left ventricular
end-systolic diameter (LVESd) were measured.
Left ventricular shortening fraction was mea-
sured as follows: LVFS = (LVEDd-LVESd)/LVEDd
x 100.

Immunohistochemistry

The mice were euthanatized at 1 week after
modeling and the heart tissue was fixed in 10%
formalin. Sections (5 um thick) were cut and
mounted onto adhesive-coated glass slides.
Slides were endogenous peroxidase blocked
with 3% hydrogen peroxide and incubated with
the primary antibody MPO (concentration
1:200; Abcam, UK) overnight at 4°C. Then the
slides were incubated with the secondary anti-
body (Jackson, UK) for 1 h. after DAB treat-
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ment, the coverslips were then applied to speci-
mens using routine pathological procedures.

Western blot

Total protein was scraped from the left heart.
Proteins were separated on 10% SDS-PAGE
and transferred to membrane. Then the mem-
brane was blocked with 5% non-fat milk and
incubated with primary antibodies P-P65, P-65,
and B-actin (Cell Signaling, USA) at 1:1000. The
proteins were detected with hemiluminescence
reagents and NIH Image J software was applied
for further analysis.

Statistical analysis

All statistical analyses were performed using
SPSS13.0 software (Chicago, IL). Numerical
data were presented as means and standard
deviation (+ SD). All of the statistical indexes
were tested by normality. Differences between
means were analyzed using SNK test or one-
way ANOVA. P < 0.05 was considered as statis-
tical significant.

Results
IL-37 inhibits MPO expression in Ml mice

Compared with the sham surgery mice, immu-
nohistochemical results revealed that MPO
expression increased significantly, while IL-37
treatment can effectively inhibit MPO expres-
sion in M|l mice (Figure 1).

IL-37 inhibits NF-kB signaling pathway in Ml
mice

Western blot showed that p-p65 overexpressed

in the myocardium of Ml mice, which indicated
the activation of NF-kB signaling pathway. IL-37
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Figure 4. IL-37 improve mice cardiac function after
acute MI. *Compared with Ml group, P < 0.05.

treatment can inhibit p-p65 expression, sug-
gesting it can efficiently suppress the inflam-
matory NF-kB signaling pathway activation
caused by MI (P < 0.05) (Figure 2).

IL-37 improves cardiac function in acute Ml
mice

Echocardiographic results presented that com-
pared to control mice, FS decrease significantly
in acute MI mice. IL-37 treatment can improve
cardiac function and delay FS reduction (P <
0.05) (Figures 3 and 4).

Discussion

IL-37 is a newly discovered member of the inter-
leukin family in recent years with anti-inflam-
matory and immune inhibitory effect [2].
Several studies confirm IL-37 plays an impor-
tant role in many inflammatory diseases. IL-37
protects from inflammation mainly Literature by
inhibiting a series of inflammatory factors
expression in the LPS induced mice septic
shock model. It has been verified that IL-37
exhibit its anti-inflammatory and immune inhib-
itory effect through inhibiting inflammatory
cytokines such as IL-13, IL-18, and TNF« secret-
ed by peripheral blood mononuclear cells, den-
dritic cells, macrophages, and epithelial cells.
For example, it can enhance IL-18BP inhibition
on IL-18 after combining with IL-18BP. The exact
mechanism of anti-inflammatory effect of IL-37
may be related to its combination with Smad3
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in the nucleus to form complex to regulate
inflammatory cytokines transcription [3].

Recent studies reported that IL-37 level
increased significantly in the MI patients’
peripheral blood [5]. The rise of plasma IL-37
level in coronary heart disease may be caused
by inflammatory activation, while raised IL-37
can inhibit inflammatory cytokines expression.
This clinical study suggested that IL-37 is an
important anti-inflammatory cytokine in the
process of acute MI. Although IL-37 exhibits
protecting role for inflammatory disease, its
specific receptor and related signaling trans-
duction is still unclear. The rise of plasma IL-37
in acute MI patients might be a compensatory
reaction of the body, while whether exogenous
IL-37 has the treatment function for acute Ml
and its related mechanism is ambiguous.

Serious myocardial ischemia caused by acute
MI can activate autoimmunity, which recruits a
large number of inflammatory cells to the infarc-
tion area and releases plenty of cytokines par-
ticipating in inflammatory response [6, 7]. It
was shown that excessive inflammatory cyto-
kine may produce toxic effect on myocardial
cells that accelerating myocardial cell apopto-
sis and eventually damaging the heart function
[8-10]. Numerous inflammatory cells infiltration
may also release abundant inflammatory medi-
ators such as MPO participating in inflamma-
tion. The release of these inflammatory media-
tors took part in myocardial cells necrosis and
apoptosis, and endothelial cell dysfunction [11,
12]. MPO is mainly secreted by polymorphonu-
clear leukocytes (PMN) such as neutrophils,
monocytes, and part of macrophages [13].
MPO is the marker of neutrophil activation, and
its level and activity represent the function and
state of PMN [14]. It was also reported that
MPO enzyme is an independent predictor for
acute coronary artery syndrome closely associ-
ated with acute MI [15, 16]. Our study indicated
the anti-inflammatory effect of IL-37 by inhibit-
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ing MPO expression in acute Ml mice. We also
proved the activation of NF-kB signaling path-
way after MI, and the inhibition of this signaling
pathway can improve cardiac function after Ml
and prognosis [17-19]. NF-kB is a kind of impor-
tant nuclear transcription factor, as it not only
plays an important role in inflammation, but
also relates to myocardial cell apoptosis and
myocardial remodeling process after Ml [20-
22]. It regulates many proinflammatory cyto-
kines transcription such as TNF«, IL-6, and
monocyte chemotactic protein (MCP-1). All of
these cytokines can cause myocardial cell
hypertrophy and apoptosis, and affect the myo-
cardial systolic function leading to ventricular
remodeling occurrence and heart failure [23,
24]. Our research used recombinant IL-37 to
treat acute MI in mice. A week treatment can
effectively inhibit inflammatory NF-«kB signaling
pathway activation, and ultimately can effi-
ciently improve cardiac function. It illustrated
that exogenous IL-37 can effectively inhibit
inflammation caused by acute MI, and eventu-
ally improve cardiac dysfunction caused.

In conclusion, IL-37 can improve mouse cardiac
function after Ml by inhibiting inflammation.
IL-37 might be a potentially effective treatment
for acute MI.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Daoying Xu, De-
partment of Cardiology, Binzhou People’s Hospital,
No. 515, The Yellow River Seven Road, Binzhou City
256610, Shandong Province, China. Tel: +86-054-
33282335; Fax: +86-054-33282335; E-mail:
xdy1908xdy@163.com

References

[1] Tete S, Tripodi D, Rosati M, Conti F, Maccauro
G, Saggini A, Cianchetti E, Caraffa A, Antinolfi P,
Toniato E, Castellani ML, Conti P, Theoharides
TC. IL-37 (IL-1F7) the newest anti-inflammatory
cytokine which suppresses immune responses
and inflammation. Int J Immunopathol
Pharmacol 2012; 25: 31-38.

[2] Nold MF, Nold-Petry CA, Zepp JA, Palmer BE,
Bufler P, Dinarello CA. IL-:37 is a fundamental
inhibitor of innate immunity. Nat Immunol
2010; 11: 1014-1022.

[3] Bufler P, Gamboni-Robertson F, Azam T, Kim
SH, Dinarello CA. Interleukin-1 homologues IL-
1F7b and IL-18 contain functional MRNA insta-

5250

bility elements within the coding region re-
sponsive to lipopolysaccharide. Biochem J
2004; 381: 503-510.

[4] Sakai N, Van Sweringen HL, Belizaire RM,
Quillin RC, Schuster R, Blanchard J, Burns JM,
Tevar AD, Edwards MJ, Lentsch AB.
Interleukin-37 reduces liver inflammatory inju-
ry via effects on hepatocytes and non-paren-
chymal cells. J Gastroenterol Hepatol 2012;
27: 1609-1616.

[5] JiQ, Zeng Q, Huang Y, Shi Y, Lin Y, Lu Z, Meng
K, Wu B, Yu K, Chai M, Liu Y, Zhou Y. Elevated
plasma IL-37, IL-18, and IL-18BP concentra-
tions in patients with acute coronary syn-
drome. Mediators Inflamm 2014; 2014:
165742.

[6] Kain V, Prabhu SD, Halade GV. Inflammation
revisited: inflammation versus resolution of in-
flammation following myocardial infarction.
Basic Res Cardiol 2014; 109: 444,

[7] Seaman DR, Palombo AD. An overview of the
identification and management of the meta-
bolic syndrome in chiropractic practice. J
Chiropr Med 2014; 13: 210-219.

[8] Shukla SK, Sharma SB, Singh UR. Pre-
treatment with alpha-tocopherol and Termi-
nalia arjuna ameliorates, markers of inflamma-
tion, cardiac and apoptotic markers in experi-
mental myocardial ischemic rats. Redox Rep
2015; 20: 49-59.

[9] WeiN, Zhang C, He H, Wang T, Liu Z, Liu G, Sun
Z, Zhou Z, Bai C, Yuan D. Protective effect of
saponins extract from Panax japonicus on
myocardial infarction: involvement of NF-
kappaB, Sirtl and mitogen-activated protein
kinase signalling pathways and inhibition of
inflammation. J Pharm Pharmacol 2014; 66:
1641-51.

[10] De Hoog VC, Timmers L, Van Duijvenvoorde A,
De Jager SC, Van Middelaar BJ, Smeets MB,
Woodruff TM, Doevendans PA, Pasterkamp G,
Hack CE, De Kleijn DP. Leucocyte expression of
complement Cb5a receptors exacerbates in-
farct size after myocardial reperfusion injury.
Cardiovasc Res 2014; 103: 521-529.

[11] LinJ, Wang H, Li J, Wang Q, Zhang S, Feng N,
Fan R, Pei J. kappa-Opioid receptor stimulation
modulates TLR4/NF-kappaB signaling in the
rat heart subjected to ischemia-reperfusion.
Cytokine 2013; 61: 842-848.

[12] LiTT, ZhangYS, He L, Liu B, Shi RZ, Zhang GG,
Peng J. Inhibition of vascular peroxidase allevi-
ates cardiac dysfunction and apoptosis in-
duced by ischemia-reperfusion. Can J Physiol
Pharmacol 2012; 90: 851-862.

[13] Pazur JH, Kelly-Delcourt SA, Miskiel FJ, Burdett
L, Docherty JJ. The isolation of anti-gum arabic
antibodies by affinity chromatography. J
Immunol Methods 1986; 89: 19-25.

Int J Clin Exp Pathol 2015;8(5):5247-5251



(14]

[15]

[16]

(17]

(18]

(19]

IL-37 in myocardial infarctio

Halade GV, Ma Y, Ramirez TA, Zhang J, Dai Q,
Hensler JG, Lopez EF, Ghasemi O, Jin YF,
Lindsey ML. Reduced BDNF attenuates inflam-
mation and angiogenesis to improve survival
and cardiac function following myocardial in-
farction in mice. Am J Physiol Heart Circ Physiol
2013; 305: H1830-1842.

Vasilj M, Starcevic B, Volaric M, Jelavic B,
Leventic M, Cuk D, Coric S. Diagnostic value of
MPO in patients admitted for suspected acute
coronary syndrome--a study of adult in Mostar,
Bosnia and Herzegovina. Coll Antropol 2014;
38:213-217.

Liu C, Xie G, Huang W, Yang Y, Li P, Tu Z.
Elevated serum myeloperoxidase activities are
significantly associated with the prevalence of
ACS and High LDL-C levels in CHD patients. J
Atheroscler Thromb 2012; 19: 435-443.
Zhang XQ, Tang R, Li L, Szucsik A, Javan H,
Saegusa N, Spitzer KW, Selzman CH.
Cardiomyocyte-specific p65 NF-kappaB dele-
tion protects the injured heart by preservation
of calcium handling. Am J Physiol Heart Circ
Physiol 2013; 305: H1089-1097.

Zeng M, Wei X, Wu Z, Li W, Li B, Zhen Y, Chen J,
Wang P, Fei Y. NF-kappaB-mediated induction
of autophagy in cardiac ischemia/reperfusion
injury. Biochem Biophys Res Commun 2013;
436: 180-185.

Zhang S, Liu X, Goldstein S, Li Y, Ge J, He B, Fei
X, Wang Z, Ruiz G. Role of the JAK/STAT signal-
ing pathway in the pathogenesis of acute myo-
cardial infarction in rats and its effect on NF-
kappaB expression. Mol Med Rep 2013; 7:
93-98.

5251

[20]

[21]

[22]

(23]

[24]

Hu WS, Lin YM, Ho TJ, Chen RJ, Li YH, Tsai FJ,
Tsai CH, Day CH, Chen TS, Huang CY. Genistein
suppresses the isoproterenol-treated H9c2
cardiomyoblast cell apoptosis associated with
P-38, Erk1/2, JNK, and NFkappaB signaling
protein activation. Am J Chin Med 2013; 41:
1125-1136.

Jenke A, Wilk S, Poller W, Eriksson U, Valaperti
A, Rauch BH, Stroux A, Liu P, Schultheiss HP,
Scheibenbogen C, Skurk C. Adiponectin pro-
tects against Toll-like receptor 4-mediated car-
diac inflammation and injury. Cardiovasc Res
2013; 99: 422-431.

Fernandez-Velasco M, Prieto P, Terron V, Benito
G, Flores JM, Delgado C, Zaragoza C, Lavin B,
Gomez-Parrizas M, Lopez-Collazo E, Martin-
Sanz P, Bosca L. NOD1 activation induces car-
diac dysfunction and modulates cardiac fibro-
sis and cardiomyocyte apoptosis. PLoS One
2012; 7: e45260.

Chen ZW, Qian JY, Ma JY, Chang SF, Yun H, Jin
H, Sun AJ, Zou YZ, Ge JB. TNF-alpha-induced
cardiomyocyte apoptosis contributes to cardi-
ac dysfunction after coronary microemboliza-
tion in mini-pigs. J Cell Mol Med 2014; 18:
1953-63.

Tank J, Lindner D, Wang X, Stroux A, Gilke L,
Gast M, Zietsch C, Skurk C, Scheibenbogen C,
Klingel K, Lassner D, Kuhl U, Schultheiss HP,
Westermann D, Poller W. Single-target RNA in-
terference for the blockade of multiple inter-
acting proinflammatory and profibrotic path-
ways in cardiac fibroblasts. J Mol Cell Cardiol
2014; 66: 141-156.

Int J Clin Exp Pathol 2015;8(5):5247-5251



