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Abstract
IL-37 is one of the newest members of interleukin family and is also one of the most popular cytokine. It has been identified as an inhibitor of both innate and adaptive 
immunity in those most recently presented researches. However, the biological properties and the related mechanism of IL-37 haven’t been fully characterized. 
Although changes of IL-37 levels in reproductive system diseases and its role in tumors were different even potentially opposite, clues have shown that IL-37 is 
valuable for the diagnosis and therapy of inflammatory diseases and tumors. IL-37 plays mainly an anti-inflammatory role in Adenomyosis and Endometriosis and 
an anti-cancer role in cervical cancer and breast cancer. Recent controversial focuses are on the areas of tumors and ovarian diseases. In this review, the roles of IL-37 
in reproductive system diseases will be presented. 
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Introduction
Interleukin 37 (IL-37) is a newly discovered anti-inflammatory 

cytokine and was renamed in 2010  [1]. IL-37 is the seventh member 
of IL-1 family (IL-1F7) and is one of the most popular cytokines in the 
current studies. More than two hundred papers were published in the 
last 7 years comparing with nine studies before 2010. IL-37 has been 
identified as an inhibitor of innate and adaptive immunity in many 
inflammatory diseases, such as lupus erythematosus [2,3],myocarditis 
[4], hepatitis  [5], colitis [6] and so on. Additionally, several studies also 
showed good applicational prospects of IL-37 in tumor diagnosis. In 
recent years, the incidence of inflammation and tumors increase in the 
reproductive system diseases year by year which has caused a major 
harm to human health. IL-37 has been initially found to correlate 
with diseases such as adenomyosis  [7], endometriosis  [8,9], cervical 
cancer [10,11], ovarian cancer [12], breast cancer [13], etc. But it is a 
pity that it lacks the systemic description of the role of IL-37 in human 
reproductive system. Here, this paper will focus on the role ofIL-37 in 
reproductive system diseases. 

IL-37 gene and its biological functions

Human IL-37 gene is located on the chromosome 2 and expresses a 
17-24KD protein. The alternative splicing formed 5 subtypes of IL-37: 
IL-37a-e. IL-37b is regarded currently as the most significant isoform 
which contains 6exonsof IL-37 [14]. Analogously as other IL-1 family 
members, IL-37b lacks the typical signal peptide. But No. 1 and No. 2 
exon in N-terminal codes a pre-structure domain which contains the 
splice site of caspase-1. The process of IL-37 maturation depends on 
the spitting effect of caspase-1 which transforms the precursor into 
maturity [1,15]. There is a distinctive code by exon 3 in the N terminal 
on IL-37a. The coding region of IL-37a and IL-37d contain the exon 
4, which encodes the IL-1 family-specific β-clover structure. It can be 
inferred that IL-37a and IL-37d may have biological function which 
need further research. IL-37c and IL-37e both lacks exon 2 or exon 4, 
thus they may presumably be non-functional [16]. 

The expression and distribution of these five subtypes are different 
in human tissues and cells (Figure 1). IL-37 usually refers to IL-37b. 
IL-37 shows low expressions in healthy tissues and normal cells, 
and its expressions are significantly enhanced when stimulated by 
inflammation. Most cytokines in the IL-1 family are pro-inflammatory 
except IL-37. Though the effects of IL-37 have not been fully elucidated, 
current studies provide some features of IL-37. 

Firstly, IL-37serves as an anti-inflammatory cytokine via combining 
with IL-18BP partly [17–19]. IL-18 was once described as an IFN-γ-
inducible factor that cleaves into a biologically active molecule under 
caspase-1 [20]. Besides this,IL-18 receptor complex (IL-18R) consists of 
a heterodimer containing two chains that trigger activation of caspase-1 
through TLRs [21]. Among the IL-18R, The IL-18R α chain is required 
for ligand binding, while β chain is required for signal transduction. IL-
18 alone induces only small amounts of IFN-γ, but its combination with 
IL-12 induces T cells to produce high levels of IFN-γ which enhances 
the cytotoxicity of NK cells and promotes TH1 or TH2 cell responses  
[22]. IL-37 has two conserved amino acid residues (Glu-35 and Lys-
124), which is similar to the two conserved residues (Glu-35 and Lys-89) 
of IL-18 (interleukin 18). IL-37 does not interact directly with IL-18Rβ, 
but binds IL-18Rα and IL-18BP extracellularly, whereas IL-18BP is a 
natural antagonist of IL-18  [23]. Thus IL-37 can bind to IL-18BP and 
high-regulate the ability of IL-18BP to inhibit IL-18, thereby reducing 
the downstream signal transduction of IL-18R  [17–19]. Ultimately IL-
37 can be delivered via this pathway to exert anti-inflammatory effect. 
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Secondly, IL-37 down-regulates the activity of Dendritic Cells 
(DCs) who play an important regulatory role in the immune response 
process  [1]. IL-37 is found to not only inhibit the activity of CD68 
(Cluster of Differentiation 68) and MHCII (major histocompatibility 
complex II) molecules of DCs, but also inhibit the activation of 
Lipopolysaccharides-induced CD11c+DCs. Therefore, IL-37 reduces 
the T-cell-mediated inflammatory response by down-regulating the 
activity of DCs  [1]. 

Furthermore, Smad3 was involved in the inflammatory inhibition 
of IL-37  [15,24–26]. IL-37/Smad3 complex enters the nucleus, then 
affects gene transcription, lastly inhibits the Toll-like receptor (TLR) 
which could induce the expressions of IFN-γ. When Smad3was blocked 
by SIS3, the inhibitory effect of IL-37b on the expression of inflammatory 
cytokines was also blocked. In addition, inhibition of STAT1-4 (Signal 
transducer and activator of transcription 1-4) phosphorylation, C-JUN 
(a member of the transcription factor activator protein-1 family) 
phosphorylation, and P38-MAPK (p38 mitogen-activated protein 

kinases) pathway phosphorylation, promotion of GSK-3a/b (Glycogen 
Synthase Kinase 3 a / b) phosphorylation also take part in IL-37 function  
[15,24]. STAT1-4, key signaling pathway of proinflammatory cytokines 
are substrates of JNK. They are gathering with tyrosine phosphorylation 
signaling pathway to play a transcriptional regulatory role and mediate 
various biological reactions. IL-37/Smad3 complex can inhibit the 
phosphorylation of STAT1-4 and increase GSK-3 a/b phosphorylation 
which promotes TLR-mediated inflammatory response and attenuate 
the inhibitory effect of T cells on innate immune cell-mediated 
inflammatory responses  [27–29]. IL-37b-Smad3 complex can also 
inhibit c-Jun protein and P38-MAPK phosphorylation. C-Jun is part 
of the pro-inflammatory transcription factor AP-1 induced by IL-
1. And P38- MAPK can increase NF-κB expression and promote its 
translocation into the nucleus to activate interleukin-6 (IL-6), TNF-α 
and other inflammatory factors  [1,30]. 

Finally, IL-37 is also considered as a major anti-tumor cytokine. 
For example, IL-37 could inhibit STAT3 expression in order to 

Figure 1. IL-37 expression and its role in diseases. Firstly, IL-37 (IL-1F7) binds to IL-18BP and enhances the ability of IL-18BP to inhibit IL-18, thereby reducing the downstream signal 
transduction of IL-18R. Secondly, IL-37not only inhibits the activity of CD68 and MHCII molecules of DCs, but also inhibits the activation of Lipopolysaccharides-induced CD11c+DCs. 
Therefore, IL-37 reduces the T-cell-mediated inflammatory response by down-regulating activity of DC. Furthermore, inhibition of STAT1, C-JUN, P38-MAPK and promotion of GSK-3a/b 
phosphorylation take part in the anti-inflammatory function of IL-37/Smad3 complex which could also inhibit DCs by enhancing the ability of TGF-β
IL-18BP: Interleukin 18 Binding Protein; CD68: Cluster of Differentiation 68; MHCII: Major Histocompatibility Complex II;  DCs: Dendritic Cells; STAT1: Signal Transducer and 
Activator of Transcription 1; C-JUN: a member of the transcription factor activator protein-1 family; TGF-β: Transforming Growth Factor beta; GSK-3a/b: Glycogen Synthase Kinase 3a/b; 
PI3K/AKT/mTOR: phosphoinositide 3-kinase/ serine-threonine kinase/ mechanistic Target Of Rapamycin
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suppress the cell proliferation of cervical cancer [10]. In liver cancer, 
IL-37 inhibited PI3K/AKT/mTOR (phosphoinositide3-kinase/serine-
threonine kinase/mechanistic target of rapamycin) signaling pathway 
and regulated the autophagy of human hepatoma cells (SMMC-7721 
and Huh-7 cells) [31]. Further study showed IL-37 inhibited the 
migration, invasion, proliferation and colony formation of colon cancer 
cells through inhibiting beta-catenin [32]. However, it is still unclear 
whether there are other genes that could bind to IL-37 besides Smad3 
and whether IL-37 has a direct effect of other genes. Above of this, these 
may provide some certain directions for researchers. 

The role of IL-37 in diseases of female reproductive 
system diseases
IL-37 exerts its anti-inflammation and anti-cancer function 
in uterus diseases

Adenomyosis: The main pathological features of adenomyosis 
include that endometrial glands and stromal cells invade the 
myometrium. This process is accompanied by the hypertrophy and 
proliferation of peripheral uterine smooth muscle cell as well as 
the infiltration of inflammatory cells. Only one report was found by 
Pubmed which investigated IL-37 expression in the endometrial 
adenocarcinoma [7]. Remarkably decreased IL-37 level in endometrial 
adenocarcinoma of adenomyosis was found. The results suggested that 
abnormal inflammatory response may occur in the endometrium of 
patients with adenomyosis. Therefore, increased IL-37 expression may 
have a positive effect on the treatment of adenomyosis. 

Endometriosis (EMs): EMs is a common gynecological and 
frequently-occurring disease. Jiang et al.  [8] showed that the expressions 
of IL-37 gene and protein in ectopic and eutopic endometriosis were 
significantly higher than those in normal tissues. And comparing 
with eutopic endometrium of patients with ovarian endometriosis, 
the expression of IL-37 gene and protein in ectopic endometrium 
was remarkably increased. They speculated that IL-37 may join in the 
inflammatory process of endometriosis. In another study, Kaabachi 
W et al. [9] found that comparing with normal subjects, the level of 
IL-37 was remarkably increased in peritoneal fluid (PF) and serum of 
endometriosis patients. IL-37 expression of patients in PF was higher 
than that in serum, which is consistent with Fan’s report [33]. 

Further study found that down-regulation of NFB mRNA expression 
in endometriosis contributed to increase IL-37, and elevated levels 
of IL-37 may hinder NFB activation in patients with endometriosis 
[9]. Therefore, IL-37 may have some therapeutic significance for 
endometriosis. 

IL-37 plays mainly an anti-cancer role in cervical cancer (CC): 
CC is a common female carcinoma which is related with Human 
Papillomavirus (HPV) infection and the body’s immune response to 
infection. In our previous study, we investigated that IL-37 inhibit 
STAT3 (signal transducer and activator of transcription 3) which result 
in suppressing the proliferation and invasion of human CC cells [10]. 
The anti-cancer effect of IL-37 in HPV+ Hela cell was stronger than that 
in HPV-Hela cell. In a following-up study, Yang et al.  [11] also observed 
a similar phenomenon. Their results showed that IL-37 treatment 
increased the percentage of G0/G1 cells and induced the apoptosis of 
Hela cells by dose and time dependent manner. IL-37 inhibited the 
invasion and migration of CC cells, decreased the expression of STAT3, 
MMP-2 and MMP-9. They eventually concluded that IL-37 is a tumor 
suppressor in cervical cancer cells. In light of that the disease is closely 
linked to virus (HPV), virus infection often causes inflammation and 

immunologic disorders. The relationship between IL-37 and virus will 
be investigated in our next study. We also speculate that IL-37 may 
play a role in other diseases related to virus, such as liver cancer and 
nasopharyngeal carcinoma. This point needs further exploration and it 
will be a potential direction in future. 

The role of IL-37 in breast diseases

Breast cancer is one of the most common malignancies in women 
which seriously affect women’s physical and mental health and even 
life-threatening. Wang et al. [13] found that the proliferation of breast 
cancer 4T1 cells was not directly affected by IL-37. 4T1-IL37cells were 
injected into BALB/c mice and retardate tumor growth. Additionally, 
recombinant IL-37 did not affect the proliferation of CD8(+) T cell 
but promoting the proliferation of CD4(+) T cell. Therefore, IL-37b 
could inhibit breast carcinoma through the modulation of tumor 
microenvironment and the influence on T cell activation. 

The role of IL-37 in ovarian diseases

Polycystic Ovary Syndrome (PCOS): PCOS is the most common 
endocrine disorder in women of reproductive age and is also one of 
the main causes of anovulatory infertility. In a recent report, PCOS 
patients with free androgen index and body mass index were negatively 
correlated with IL-37. Further studies have confirmed that PCOS 
can promote inflammation. Thus, IL-37inhibited the inflammation 
mediated by PCOS, suggesting that IL-37 may be a potential drug for 
the treatment of PCOS [34]. 

IL-37 tends to promote epithelial ovarian cancer (EOC): EOC is 
one of the world’s most deadly gynecological cancers. Huo et al. [12] 
found that poor prognosis of EOC patients was related to up-regulated 
IL-37 in serum. The protein level of IL-37 in serum of EOC patients 
was remarkably higher than that of healthy control group. Then they 
analyzed the correlation between serum IL-37 levels and clinical 
factors in patients with EOC. The results showed that IL-37 levels were 
significantly different in the early and late stages of EOC patients. In 
addition, the expression level of IL-37 was positively correlated with 
tumor size, lymph node metastasis and positive recurrence. There was 
a significant correlation between residual tumor and IL-37 levels in 
serum. In conclusion, their results suggest that IL-37may contribute to 
the development of ovarian cancer. 

However, according to recent studies concerning IL-37 and tumor, 
most researches showed that IL-37 can inhibit tumor activity through 
different mechanism in colon cancer [32], lung cancer [35], cervical 
cancer [10,11], hepatocellular carcinoma [31] and renal carcinoma 
[36]. The differences might be due to several reasons. Firstly, these 
conclusions are from different organs with different carcinogenesis 
mechanisms, and thus emerging as different even contrary results. 
Secondly, in previous study, the risk of EOC in patients with PCOS is 
2.5-fold higher than that of the normal controls [37], indicating that 
PCOS is a promotion for EOC. IL-37 has been found to inhibit PCOS 
[34], suggesting that IL-37 might play an inhibiting role in EOC. So, 
more studies are needed to discuss the disease in wider range and 
population to confirm the results. Finally, in this EOC study, only IL-37 
level of the serum was detected. Detection of IL-37 expression in EOC 
tissues in future will make the conclusion more reliable. 

The role of IL-37 in other diseases: Preeclampsia (PE) is a 
pregnancy-specific disease. Its clinical manifestations are hypertension, 
proteinuria and edema, even convulsions and coma in severity. 
Southcombe JH et al. [38] found that the levels of IL-37 and IL-
18BP in the placenta of patients with preeclampsia were significantly 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Southcombe JH%5BAuthor%5D&cauthor=true&cauthor_uid=25693732
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up-regulated. In view of that Toll-like Receptors (TLRs) lead to the 
development of PE through TLR3 and TLR4 pathways, IL-37may affect 
the occurrence of PE through TLRs [39–41]. 

In Gestational Diabetes Mellitus (GDM), Yu et al. [42] studied the 
role of IL-37 and IL-38 by determining the thickness of umbilical artery, 
the area of capillaries in placental villi. IL-37 was significantly reduced 
in GDM placenta or serum while IL-38 was increased. Ultimately, 
their data showed that IL-37 has a positive effect on the prevention 
of GDM. The paper speculates that IL-38 produced by chorionic 
villi and umbilical cord may be caused by local inflammation in the 
development of GDM, and this disorder’s microenvironment may lead 
to GDM development through immune-mediated mechanisms. 

IL-37 is helpful for diagnosis and therapy in male 
reproductive system diseases

Few IL-37 studies were found in diseases of male reproductive 
system. In varicocele, Zeinali M et al. [43] found that the levels of IL-37 
and IL-18 were significantly elevated in infertile men with varicocele, 
suggesting that the interaction between IL-37 and IL-18R beta can lead 
to decrease inflammatory response. Therefore, IL-37 may become a 
potential biomarker and therapeutic target for male infertility. 

In prostate cancer, Ding VA et al. [44] found that although IL-
37 has no direct effect on prostate cancer, it can serve as a potential 
radiosensitizer. In the prostate cancer cells (DU145 cells), the 
proliferation of DU145 colonies was reduced by IL-37 treatment. In 
this process, up-regulation of p27 (an anti-proliferative molecule), Fas 
and Bax (two pro-apoptotic molecules) and down regulation of cdk-2 
(a pro-proliferative molecule) were observed by RT-PCR. Interestingly, 
increased cyclinD (a proliferation molecule) and decreased TRAILR1 
(the pro-apoptotic molecule) were also investigated. In conclusion, 
their study demonstrated the potential of IL-37 as a radiosensitizer for 
prostate cancer (Table 1). 

Prospects
Although a few cues have been provided, the relationship between 

IL-37 and reproductive system diseases remains unclear so far. More 
and more studies are required in the future. In some most recent studies, 
the relationship between IL-37 and mast cells are paid more attention in 
allergy and other diseases [45–48], which also indicates that IL-37 may 
function through mast cells in allergic diseases of reproductive system. 

The most possible directions for researchers in reproductive system 
contain the diagnosis and treatment for inflammatory diseases and 
cancer, especially in cervicitis, breast cancer, oophoroma, prostatitis 
and prostatic cancer because of their high incidence. During the 
process, these disease models are also helpful to elucidate the molecular 
function of IL-37. In addition, it remains unknown about how IL-37 
works in embryogenesis which resulting in a hit in the world. In future, 
IL-37 may become potentially a marker or a drug for reproductive diseases. 
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