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Summary
Varicocele is one of causes of the declined sperm quality and low sperm production, 
which can lead to infertility in males. There are several experimental and epidemiologi-
cal findings which support the idea that inflammatory mechanisms play an essential role 
in varicocele pathogenesis. Besides, in this pathological state, interleukin- 37 (IL- 37) as 
an anti- inflammatory cytokine is able to bind interleukin- 18- binding protein (IL- 18BP), 
and subsequently binds IL- 18 receptor β, inhibiting the pro- inflammatory activity of 
IL- 18. To explore the interaction between IL- 37 and IL- 18 in infertility, we measured 
the amount of these cytokines in the seminal fluid of infertile men affected by varico-
cele. The seminal plasma levels of IL- 37 and IL- 18 were measured in 75 infertile men 
with varicocele and 75 healthy fertile controls (age range, 30–48 years) using enzyme- 
linked immunosorbent assay. The seminal levels of IL- 37 and IL- 18 were significantly 
increased in infertile men with varicocele when compared to fertile controls (p < .0001). 
Because of the essential role(s) of cytokines in inflammatory response of cell systems, 
it could be possible that sperm motility is reduced following increased IL- 18, activated 
neutrophils and reactive oxygen species in semen of infertile patients with varicocele. 
Moreover, the results of this study indicated that interaction between IL- 37 and IL- 
18Rβ can lead to reduced inflammatory responses. It seems that IL- 37 might be a 
potential biomarker and therapeutic target for male infertility.
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1  | INTRODUCTION

Male genital tract inflammation is one of the most common causes 
of male infertility (Kopa, Wenzel, Papp, & Haidl, 2005). In infertile 
males, inflammation is often clinically silent and could be caused by 
infection and other pathological factors such as varicocele (Nallella 
et al., 2004). Moreover, an increased number of WBCs, including 
macrophages and neutrophils, are reported in semen samples of 
men affected by either genital tract infection or infertility (Bagheri, 
Hassanshahi, Zeinali, Abedinzadeh, & Khorramdelazad, 2016), which 
disrupt the fertilising ability of spermatozoon (Lobascio et al., 2015; 
Niederberger, 2012). During genital tract inflammation or cellular 

immunity against microbial antigens, activated leucocytes in human 
seminal fluid are able to release elastase (PMN elastase), cathepsin 
G, collagenase‚ reactive oxygen species (ROS), inflammatory and 
anti- inflammatory cytokines (Makker, Agarwal, & Sharma, 2009). 
Some investigations have suggested that varicocele- related infertili-
ty is also associated with cytokines (Fraczek & Kurpisz, 2015; Hakimi 
et al., 2014; Matalliotakis et al., 2002; Sahin et al., 2006). Additionally, 
various immunocompetent cells are capable to release cytokines in 
the male urogenital tract (Kocak, Yenisey, Dündar, Okyay, & Serter, 
2002). These molecules play an important role in cell signalling and 
perform broad pleomorphic activities (Cho, Esteves, & Agarwal, 2016). 
Furthermore, cytokines may be mediators of oxidative stress and have 
the potential to alter redox equilibrium (Hagan et al., 2015; Havrylyuk, 
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Chopyak, Boyko, Kril, & Kurpisz, 2015) and they are also able to 
influence sperm function and fertility (Aitken, Baker, & Nixon, 2015; 
Fraczek, Szumala- Kakol, Dworacki, Sanocka, & Kurpisz, 2013). As an 
anti- inflammatory cytokine, IL- 37 is associated with plasma cells and 
this new member of the IL- 1 family is constitutively expressed in the 
cytoplasm of peripheral blood mononuclear cells (PBMCs) and mono-
cytes (Boraschi et al., 2011). Upregulated expression of IL- 37 has been 
found in several chronic inflammatory and autoimmune diseases such 
as Mycobacterium avium infections, atherosclerotic plaques, psoriatic 
plaques, Crohn’s disease and lupus (Boraschi et al., 2011). On the oth-
er hand, recent data indicate a role for IL- 18 in the pathogenesis of 
several inflammatory diseases (Dinarello, Novick, Kim, & Kaplanski, 
2013). IL- 18 is able to activate neutrophils, which are involved in the 
pathogenesis of infertility and varicocele (Leung et al., 2001). To sup-
press pro- inflammatory activity of IL- 18, IL- 37 binds to IL- 18BP and 
subsequently binds to IL- 18Rβ. IL- 37 also binds to the IL- 18R α- chain, 
but the affinity of this cytokine is much lower than IL- 18 (Nold et al., 
2010). It seems that the major role of IL- 37 secreted from macro-
phages in semen fluid is to facilitate a negative feedback mechanism 
to suppress excessive inflammatory responses that is helpful in the 
sperm motility (Tete et al., 2012).

Regarding the role of inflammatory responses, activation of neu-
trophils by IL- 18 and also presence of macrophage in semen of infertile 
men with varicocele, the aim of this study was to examine IL- 37 and IL- 
18 seminal levels in fertile donors and infertile patients with varicocele 
and to explore the therapeutic potency of IL- 37 in this disease.

2  | PATIENTS AND METHODS

Seventy- five patients, aged 30–48 years, suffered from varicocele 
were enrolled in present experimental research programme. All 
patients were clinically examined, and the diagnosis of varicocele was 
confirmed by physical examination and colour Doppler ultrasonogra-
phy. Varicocele grade ranged from II to III. All patients were affected 
by primary infertility for at least 2 years, and any other cause of infer-
tility was excluded. Exclusion criteria included urogenital infection, 
sexually transmitted diseases, hypogonadism, genetic defects, and 
occupational exposure to spermatogenetic- toxic chemicals, chemo-
therapy or radiotherapy treatment, vasectomy, and retrograde ejacu-
lation. Semen analysis was performed for each separate patient and 
control specimen. All participating subjects gave an informed consent 
according to guidelines of the Helsinki Declaration.

2.1 | Semen analysis

Seminal fluid was analysed at 1 hr after collection, and semen param-
eters, including ejaculate volume, sperm count, per cent motility and 
sperm morphology, were assessed according to WHO classification 
(World Health Organization, Department of Reproductive Health & 
Research, 2010). Specimens with greater than 1 million leucocytes/ml 
(or >5/HPF) were considered as pyospermia. A single well- trained and 
experienced technician performed all semen examinations.

2.2 | Cytokines detections

We utilised enzyme- linked immunosorbent assay (ELISA) kits 
(Adipogen, San Diego, USA) to detect and quantify IL- 37 and (eBiosci-
ence, San Diego, USA) for IL- 18 in aliquots of frozen–thawed seminal 
plasma. The ELISA was conducted according to manufacturer’s guide-
lines, with a sensitivity of 10 and 9.2 pg/ml respectively.

TABLE  1 Demographic data and comparison of semen 
characteristics, between fertile donors and men with varicocele 
(mean ± SEM and p < 0.05 considered statistically significant)

Normal 
donors 
(n = 75)

Infertile men 
with varicocele 
(n = 75) p value

Age (years) 35.1 ± 1.3 37.4 ± 2.1 .01

Duration of infertility 
(year)

– 3.75 ± 2.7 .04

Sperm concentration 
(106/ml)

71.6 ± 18.4 30.9 ± 28.4 .003

Sperm motility (%) 59.2 ± 19.42 36.2 ± 32.5 .001

WBC (HPF) 1.8 ± 0.32 5.68 ± 0.65 <.0001

F IGURE  1  IL- 37 levels in seminal plasma of fertile donors (control) 
and infertile men with varicocele (patients). Results are expressed as 
mean ± SEM of three experiments. *Statistically significant difference 
between control and patients (p ˂ 0.05)

F IGURE  2  IL- 18 levels in seminal plasma of fertile donors (control) 
and infertile men with varicocele (patients). Results are expressed as 
mean ± SEM of three experiments. *Statistically significant difference 
between control and patients (p ˂ .05)
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2.3 | Statistical analysis

To statistically analysis the data, the SPSS package version 18 was 
employed. The significance of the differences within the individual 
groups of the tested population was evaluated with the parametric t 
test and nonparametric Mann–Whitney U test. A p value of less than 
.05 was considered significant.

3  | RESULTS

The mean age was similar between men with varicocele 
(37.4 ± 2.1 years) and healthy donors (35.1 ± 1.3 years). Table 1 
details the seminal characteristics in the fertile donors and infertile 
men with varicocele. The median sperm concentration and sperm 
motility in the fertile donors were significantly greater than in the 
infertile patients with varicocele (p < .001 and p < .01 respective-
ly). Moreover, the seminal levels of IL- 37 were 265.46 ± 34.02 and 
109.63 ± 18.95 in infertile men with varicocele and healthy controls, 
respectively, showing statistically significant difference between the 
two groups (p < .0001; Fig. 1). It was also observed that the seminal 
IL- 18 levels were 209.5 ± 10.93 and 73 ± 17.06 pg/ml in the patients 
and controls respectively (p < .0001; Fig. 2).

4  | DISCUSSION

It has been widely accepted and established that during the inflamma-
tory responses, a broad spectrum of inflammatory mediators, includ-
ing cytokines, is released from inflamed tissues, organs and migrated 
immune cells (Elenkov, Iezzoni, Daly, Harris, & Chrousos, 2005). 
Additionally, neutrophils and macrophages are the main leucocytes 
found in semen which can be detrimental to spermatozoon through 
ROS production and apoptosis induction (Tremellen & Tunc, 2010). 
However, semen of fertile men normally contains these immune cells 
that do not appear to affect sperm function. Besides, it has been sug-
gested that small number of neutrophils may have advantageous 
effects through removal of abnormal and degenerative spermatozoa 
(Agarwal, Virk, Ong, & du Plessis, 2014). Furthermore, ROS provided 
by leucocytes or granulocytes have damaging effects on human sper-
matozoa, causing a marked loss of sperm motility and morphology 
and thus reducing hyperactivation and oocyte penetration (Koppers, 
Mitchell, Wang, Lin, & Aitken, 2011). It has been well evidenced and 
theorised that increased levels of ROS result in oxidative stress, which 
can seriously damage sperm function, motility, fertilising potency and 
the integrity of sperm genome (Crippa, Magli, Ferraretti, Pipitò, & 
Pescatori, 2015). The present study was designed to investigate semi-
nal levels of IL- 37 and IL- 18 in infertile males with varicocele. To the 
best of our knowledge, this is the first report of an association between 
seminal IL- 37 and IL- 18 levels and male infertility. Accordingly, in this 
case–control study, we showed the elevated seminal IL- 37 levels, also 
known as IL- 1F7, as a member of anti- inflammatory cytokines derived 
from macrophages. Moreover, our findings showed that semen 

pattern of IL- 18 increased significantly in infertile men compared to 
fertile donors. Bagheri et al. reported the elevated level of other pro- 
inflammatory molecules such as S100A12 in semen of infertile men 
with varicocele (Bagheri et al., 2016). In another study, Hakimi et al.
(2014) showed that the semen level of IL- 10 as an anti- inflammatory 
cytokine was significantly increased and this led to reduced immune 
responses against pathogen in Chlamydia trachomatis- infected 
patients. In this research programme, increased semen levels of IL- 
18 in infertile men may reveal that this member of inflammatory 
cytokines is a cause of accumulation of activated neutrophils (Netea 
et al., 2000) in the lower part of genital tract, which may be associated 
with reduction of sperm motility in these patients.

Taken together, regarding our findings and studies cited above, it 
could be concluded that several cell types in the male reproductive 
system, including migrated and resident immune cells, are involved in 
development of immunological responses in infertility. Activation of 
neutrophils by IL- 18 may also play a role in the pathogenesis of infertil-
ity. On the other hand, IL- 37 secreted from resident macrophages can 
regulate and reduce inflammatory responses. Our results may reem-
phasise that these cytokines could be considered as potential novel 
biomarkers and therapeutic targets in male infertility. Furthermore, 
regarding the important role(s) of cytokines in the pathogenesis of 
male infertility, we suggest evaluating expression of other members of 
IL- 1 family and their respective receptors on immune cells in semen of 
infertile male suffering from varicocele.
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