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ABSTRACT

Background: Inflammatory processes and cytokines have been implicated in the development of varicocele-associated male infertility. This
study aimed to assess the levels of two novel seminal plasma interleukins interleukin-37 (IL-37) and IL-41 among infertile men with varicocele
compared to patients without varicocele and fertile controls.

Materials and methods: In this case-control study, 50 infertile men with varicocele, 50 infertile men without varicocele, and 40 fertile controls
were recruited for the study. For all participants, semen analysis was performed according to World Health Organization (WHO) 2021 sixth
criteria. Seminal plasma levels of IL-37 and IL-41 were measured in all participants using enzyme-linked immunosorbent assay (ELISA) and
compared among groups.

Results: Sperm concentration, progressive and total motility were significantly reduced in varicocele group as compared to patients without
varicocele (p < 0.05, p < 0.01, p < 0.05, respectively) and fertile controls (p < 0.001). Seminal plasma concentrations of IL-37 and IL-41 were higher
in varicocele group as compared to patients without varicocele (p < 0.01) and fertile controls (p < 0.001). Seminal plasma IL-37 and IL-41 levels
showed significant inverse correlations with sperm progressive and total motility in patients with varicocele (r = —0.32 to —0.46) and inverse
significant correlations with sperm progressive motility in patients without varicocele (r = —0.34 and —0.3, respectively).

Conclusion: Our study demonstrated significant elevations of seminal plasma IL-37 and IL-41 in infertile men, with the highest levels observed
in patients with varicocele. Our findings support role of inflammatory cytokines as key players in varicocele-associated male infertility, and IL-37

and IL-41 may serve as potential new biomarkers of male infertility in patients with varicocele.
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INTRODUCTION

Male infertility is the failure of a couple to achieve conception after 1
year of regular unprotected sexual intercourse. This health problem
is a great global challenge as infertility affects 7-12% of couples
globally, with the male responsible for infertility in approximately
half of cases.?

The etiology of male infertility is multifactorial, and can be
attributed to hormonal disorders, genetic defects, testicular
disease, genital infections, genital tract obstruction, or varicocele.??
Further, various factors have been implicated in the decline of
semen quality such as environmental, oxidative stress (OS), and
lifestyle factors.* Therapeutic interventions for infertile men include
medical approaches, surgical procedures, and assisted reproduction
techniques (ART).” Varicocelectomy surgery has improved
semen parameters and pregnancy rates in specific subgroups of
patients.® The implementation of new diagnostic techniques and
personalized therapies may lead to improved outcomes for couples
with infertility.

Varicocele is defined as an abnormal enlargement of the
pampiniform plexus vein of the spermatic cord and is graded by
physical examination findings. Varicocele affects approximately
15% of men globally.” Scrotal hyperthermia, hypoxia, OS, apoptosis,
accumulation of toxins, metabolite reflux, testicular hypoperfusion,
sperm deoxyribonucleic acid (DNA) fragmentation, as well as
hormonal disturbances are proposed mechanisms underlying
varicocele-induced male infertility.®-'° Multiple studies have
reported a link between pro- and anti-inflammatory cytokines,
including interleukins IL-1, IL-6, IL-8, IL-10, IL-37, IL-41, TNF-a, and
IFN-y in men with varicocele."
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Cytokines comprise a large and heterogeneous group of
small proteins secreted by numerous cell types. Several cytokines
and chemokines have been identified and quantified in seminal
plasma. Many studies have examined the possible associations
between seminal plasma cytokines and sperm parameters.'?
Most studies examine the relationship between seminal plasma
cytokines concentration and seminal quality parameters. The
levels of cytokines in ejaculates appear to be quite variable among
men, and may vary within individuals over time.” A higher level of
some cytokines has been correlated to leukocytospermia in the
ejaculate, which may suggest bacterial, viral parasitic male genital
tract infection that may contribute to male infertility. Cytokines
contribute to the optimal antimicrobial immune responses and
their function in seminal plasma is unknown but they can be used as
mediators of inflammation as well as recruitment of leukocytes.'>'*
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Low grade inflammation, which could be responsible for the
significant increase in OS and act as a link between varicocele and
sperm DNA damage and male factor infertility. Therefore, exploring
the function of these inflammatory mediators in varicocele might
play a role in the treatment of infertile men. Lifestyle factors may
also increase OS and also may impair spermatogenesis and reduce
sperm quality.

Interleukin-37 is an anti-inflammatory cytokine of the
IL-1 family and inhibits innate inflammatory and immune
responses.’>'® Interleukin-37 mediates biologic functions through
dual mechanisms: The intracellular one when it binds to Smad3
and moves into the nucleus on an extracellular basis, IL-37 forms
a complex with extracellular IL-18 receptor alpha (IL-18Ra) and
IL-1R8.'%" It also inhibits the synthesis of IL-1, 1L-6, TNF-a, and other
inflammatory components. Interleukin-41, also known as meteorin-
like (Metrnl), subfatin, or cometin, is a new class of secreted protein
that possessesimmunomodulatory properties involved in regulating
inflammation, energy metabolism and tissue homeostasis.'®'”
In contrast to typical cytokines, IL-41 shows context-dependent
effects, with either pro- or anti-inflammatory properties in different
pathophysiological settings and targeted cells.

In male infertility and varicocele, new studies have shown
dysregulation of both cytokines among patients. Zeinali et al.
demonstrated elevated seminal plasma IL-37 in infertile individuals
with varicocele compared with fertile controls, indicating a
compensatory anti-inflammatory response to the chronic
inflammation induced by varicocele.? Recently, IL-41 has also been
described as a possible biomarker in male reproductive diseases
and changes in its serum levels were correlated to impaired semen
quality, suggesting a contribution of this cytokine in reproductive
immunology and potential diagnostic usefulness.?' Such findings
indicate the intricate cytokine interrelationships in male fertility. The
purpose of this study was to evaluate the concentrations of IL-37
and IL-41 in seminal plasma between infertile men with varicocele
and without varicocele, as well as fertile controls. The induction
of inflammatory signaling pathways, such as the NLR family pyrin
domain containing 3 (NLRP3) pathway, disrupted blood-testis barrier
(BTB) and perpetuated dysregulation of the inflammatory loop,
ultimately leading to a loss of male fertility potential.'" Data on the
level of IL-41 in infertile men with varicocele are limited, and our
study is the first study to explore the set of IL-37 and IL-41 in infertile
men with varicocele. Therefore, this study aimed to assess IL-37 and
IL-41 levels in seminal plasma in infertile patients with varicocele
compared with those without varicocele and fertile controls.

MATERIALS AND METHODS

In this case-control study, 50 infertile men with varicocele, 50
infertile men without varicocele and 40 fertile controls (age-
matched) were recruited for the study. The participants were
recruited from Babil Fertility Clinic, Babyl, Iraq from February to
August 2024. Infertile men had not achieved pregnancy in 12
months or more and have abnormal semen analysis. In patients’
group with varicocele, varicocele was diagnosed by scrotal
examination in upright positions before and during Valsalva’s
maneuver (grades I-1ll) and was confirmed by Doppler sonography.
Patients with known predisposing factors for male infertility such as
undescended testicles, endocrinopathies, systemic diseases, genital
infection, smoking, alcoholism, and recent antioxidant intake were
excluded. Fertile controls must have fathered a child in the previous
2 years and have normal semen analysis. Ethical approval was issued

by the University of Babylon (EC/1882-24) and informed consent
was received before the start of the study.

Semen Analysis

Semen samples were collected from participants following
an abstinence period of 3-5 days by masturbation. Following
collection, the semen sample was held at 37°C for liquefaction
and then analyzed according to World Health Organization (WHO)
2021 sixth criteria for all semen parameters.® All the analyses were
undertaken by the same investigators, and for all participants two
semen samples were assessed and their average value was used
for this study.

Seminal Plasma IL-37 and IL-41 Measurement

Following centrifugation at 3,000 rpm for 5 minutes, seminal
plasma was collected and kept at —20 °C for further biochemical
tests. Seminal plasma levels of IL-37 and IL-41 in were measured
in all participants using enzyme-linked immunosorbent assay
(ELISA) kit (Sunlong Biotech, China) and following manufacturer’s
recommended instructions.

Statistical Analysis

Statistical analysis of data was performed with MedCalc software
(v.22). Data normality was assessed with Kolmogorov-Smirnov
test. The results were expressed as mean + standard deviation
(SD). Analysis of variance (ANOVA) test was used for comparing
the means of semen parameters and IL-37 and IL-41 levels among
groups. Pearson’s correlation coefficient was used to correlate
semen parameters and interleukin levels. p < 0.05 was considered
statistically significant.

REesuLTs

The mean age was comparable across all groups (39.3 + 9.8 years
in controls, 36.2 + 9.7 years in the patients without varicocele,
and 34.2 &+ 12.1 years in the varicocele group) (Table 1). The mean
duration of infertility was similar between infertile groups (7.8 +
6.75 years in patients without varicocele and 6.7 + 5.2 years in
patients with varicocele). Semen analysis revealed significant
impairments in both infertile groups compared to controls (Table 1).
Sperm concentration was markedly reduced in both patients
without varicocele and the varicocele group compared to controls
(p < 0.001). Furthermore, sperm concentration was significantly
lower in the varicocele group compared to the patients without
varicocele (p < 0.05). Progressive motility was severely impaired in
infertile men compared to controls (both p < 0.001). The varicocele
group demonstrated significantly lower progressive motility than
the patients without varicocele (p < 0.01). Total motility was also
lower in infertile men as compared to fertile controls (p < 0.001).
Total motility was significantly reduced in the varicocele group
compared to patients without varicocele (p < 0.05).

Both IL-37 and IL-41 levels were significantly elevated in
infertile men compared to controls (Table 2). Seminal plasma IL-37
concentrations were 109.63 + 18.95 pg/mL in controls, 180.24 +
26.18 pg/mL in patients without varicocele (p < 0.001), and 265.46 +
34.02 pg/mL in the varicocele group (p < 0.001) (Fig. 1). Notably,
IL-37 levels were significantly higher in patients with varicocele
compared to those without varicocele (p < 0.01). Similarly, 1L-41
level was 86.42 + 25.41 pg/mL in controls, 144.35 + 38.12 pg/mL in
patients without varicocele (p < 0.001), and 231.2 + 40.26 pg/mL
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Table 1: Patients characteristics and semen analysis

Patients without  Patients with
Controls varicocele varicocele

Parameter (n=40) (n=50) (n=50)
Age (years) 393+938 36.2+9.7 342 +121
Duration of 7.8 +6.75 6.7+ 5.2
infertility (years)
Sperm 65.2 +32.34 84 +2.7% 7.1 +3.04*t
concentration
(million/mL)
Sperm 584 +21.6 17.8 +7.9% 14.5 +6.61%F
progressive
motility (%)
Sperm total 65.34+19.3 224 +7.1% 19.2 + 6.46%T
motility (%)
Normal 9.86 +3.7 891 +441 77+34
morphology (%)

*p < 0.001 compared to controls; Tp < 0.05 compared to no varicocele
group; #p < 0.01 compared to no varicocele group

Table 2: Correlations between semen parameters and seminal plasma

350

300

250

200

150

IL-41 (pg/mL)

100

50

0
Patients with
varicocele

Patients without
varicocele

Controls

Fig. 2: Seminal plasma interleukin-37 (IL-41) level in study groups. Results
are expressed as mean + SD

Table 3: Correlations between semen parameters and seminal plasma
IL-37 and IL-41 levels in patients without varicocele

IL-37 and IL-41 levels in patients with varicocele IL-37 (pg/mL) IL-41 (pg/mlL)
IL-37 (pg/mL) IL-41 (pg/mL) Parameter r-value p-value r-value p-value

Parameter r-value p-value r-value p-value Age 0.087 0.548 0.112 0.438

-0.1 A -0.17 222
Age 0.124 0.39 0.09 0.49 sperm 0.198 0168 0176 0
concentration

Sperm -0.268 0.05 -0.24 0.09 Sperm progressive  —0.34 0.01% -0.30 0.04%

concentration motility

Sperm —0.46 0.005* -0.38 0.01* Sperm total motility  —0.287 0.053 -0.263 0.064

progressive Sperm normal -0.142 0326 -0.128 0376

motility morphology

Sperm total —0.41 0.008* ~032 0.04* r, Pearson’s correlation coefficient; *Significant correlations

motility

Sperm normal -0.215 0.13 -0.18 0.18 in the varicocele group (p < 0.001) (Fig. 2). The varicocele group

morphology

r, Pearson’s correlation coefficient; *Significant correlations
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Fig. 1: Seminal plasma interleukin-37 (IL-37) level in study groups. Results

are expressed as

mean + SD
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demonstrated significantly higher IL-41 levels than patients without
varicocele (p < 0.01).

In patients with varicocele, IL-37 levels showed significant
negative correlations with progressive motility (r=—0.46, p =0.005)
and total motility (r = —0.41, p = 0.008) (Table 2). Interleukin-41
levels also demonstrated significant negative correlations with
progressive motility (r = —0.38, p = 0.01) and total motility (r =
—0.32,p=0.04). In patients without varicocele, IL-37 levels showed a
significant negative correlation with progressive motility (r=—-0.34,
p = 0.01) while IL-41 levels correlated negatively with progressive
motility (r=—0.30, p = 0.04) (Table 3).

Discussion

The results of this study support the adverse impact of varicocele
on the quality of semen. The highly reduced sperm concentration
progressive and total motility observed in both infertile
groups with a more severe decline in the varicocele group are
supported by findings in the literature showing an association of
varicocele and impaired spermatogenesis."’ The decline of semen
parameters in varicocele patients with the progressing severity
found in the present study is in agreement with previous reports
demonstrated that all three sperm parameters decrease in these
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patients.? It is noteworthy that we did not find difference in sperm
morphology between the three groups included in our study. This
finding indicates that the effect of varicocele is more profound
on sperm production and motility than on their morphological
characteristics.

The marked increase of IL.-37 and IL-41 in seminal plasma
of infertile men, especially those with varicocele, suggests that
inflammation is a key player in varicocele-associated male infertility.
These results are consistent with other studies, which showed
enhanced proinflammatory cytokines in male infertility.'>"'4
The detrimental effects of proinflammatory cytokines on
spermatogenesis and function have been demonstrated in the
male reproductive system in previous studies.?>?* Our results are
also in agreement with the study of Zeinali et al. who also found
high levels of IL-37 in seminal plasma of infertile men with varicocele
with respect to healthy controls.?’ The authors speculated that
increased expression of IL-37 could be a compensatory response
to counterbalance pro-inflammatory cytokines such as IL-18, and
this compensation is not enough for maintaining normal fertility.
Similarly, Fraczek et al. found that infertile men have increased
levels of anti-inflammatory cytokine IL-10 and transforming growth
factor (TGF)-B, which could represent the body’s response to
counteract inflammatory stimuli.?* Yet, this compensatory reaction
seems not to be fully effective against the deleterious effects on
spermatogenesis and sperm function.

Oxidative stress is a consequence of prooxidants/antioxidants
disequilibrium. A diverse antioxidant therapies have attempted
to ameliorate OS, reactive oxygen species (ROS), and sperm DNA
fragmentation (SDF), and in turn to decrease in SDF-dependent.
and change in semen parameters and seminal antioxidant markers.®
Antioxidant treatment is undermined by the absence of consensus
on the type, dose, and duration of antioxidant treatment.* Many
cytokines contribute to the optimal antimicrobial immune
responses. IFN-y, is normally found in seminal fluid, though they
are endogenously secreted.?’ Their function in seminal plasma is
unknown, but they can be used as mediators of inflammation as
well as to recruit leukocytes in-situ. Therefore, knowledge of the
role of these chemical mediators in the varicocele disease might
play a role in the treatment of male infertility. Lifestyle factors may
also increase OS and impair spermatogenesis and sperm quality.

This study also showed a significant negative relationship
observed between IL-37 and IL-41 with sperm progressive and
total motility. These associations were detected in varicocele and
non-varicocele infertile men, indicating that inflammatory events
are causally related to sperm motility irrespective of the presence of
varicocele.?’ The more significant reduction in the varicocele group
than the non-varicocele groups indicate a possible enhancement
of OS by the phenomenon and inflammation that is toxic to sperm.

Pro-inflammatory cytokines may thus have a direct impact
on spermatozoa by various mechanisms, including enhanced
generation of cytotoxic ROS, altered mitochondrial membrane
potential, and disturbance in sperm plasma membrane integrity.??
It has been shown that inflammatory cytokines such as IL-6, can
impair sperm motility, possibly by an overproduction of nitric oxide
(NO).? Furthermore, Eggert-Kruse et al. found that higher levels
of seminal TNF-a and IL-1p were negatively associated with sperm
parameters during an infertility investigation.”’ Zhang et al. also
observed complex cytokine networks which can be involved in OS
and changes in sperm function.?®

Animal studies show that cytokines can also enhance fertility
by inducing an immune response in seminal fluid.?® The presence
of seminal plasma can affect embryo development to a large
extent, endometrial transformation, and implantation and thereby
modulating placental growth and fetal health. Seminal plasma
cytokines can have either a pro- or anti-inflammatory effects,
suggesting that the homeostasis ofimmune regulatory mechanisms
in the seminal plasma is crucial.® Recent WHO guidelines suggest
that examination of some cytokines in seminal plasma might be
helpful for diagnosis of male infertility.?

Identifying the role of pro-inflammatory cytokines in
physiological processes of male fertility as well as their role
in male infertility, is valuable for the development of future
markers and therapies for infertile men. Different cytokines
increase or decrease in the setting of varicocele-associated
male infertility, suggesting that cytokines could play a dual
role in enhancing or reducing fertility potential in men with
varicocele.* Understanding the effects of various cytokines on
altering different semen parameters, sperm function as well
their effect on fertilization and pregnancy, is essential to guide
future research. Modulating cytokine levels could be a promising
therapeutic target in men with infertility and varicocele. While
the surgical approach remains the main treatment modality for
varicocele, alteration of the levels of these cytokines may supply
an alternative therapeutic window to overcome this condition
with global impact.? In addition, these cytokines may be added
to the assessment panel of tests in infertile men and may provide
prognostic data in these patients. In addition, these markers could
provide indication of the severity of inflammatory processes in
infertile men with varicocele and provide both quantitative as
well as qualitative assessments for these processes.

Current treatment modalities for male infertility encompass
medical, surgical, and assisted reproductive technologies. While
medical therapies have been used in the treatment of endocrine
disorders, genital tract infection, and idiopathic male infertility,
surgical treatment is required for other contributing factors for
male infertility, such as varicocele, cryptorchidism, and surgical
sperm retrieval.>° Varicocele embolization has also been tried to
treat varicocele in infertile men, but the success rate is variable and
increased risk of recurrence.3' Treatment of varicocele in infertile
men enhances the environment for optimal spermatogenesis and
reduces the adverse effects of hypoxia, hyperthermia, OS, and reflux
of toxic metabolites in infertile men.3233

The upregulation of IL-37 and IL-41 in infertile men especially
with varicocele, could have multiple clinical implications. The
cytokines could be potential biomarkers in estimating the severity
of varicocele associated with infertility and predicting a treatment
response. Further, the association between levels of cytokines and
sperm motility indicates that anti-inflammatory treatments might
assist surgical varicocelectomy in ameliorating fertility outcomes.
Afew studies have already reported that anti-inflammatory agents
can relieve varicocele-induced pathogenesis in animal models."
Furthermore, determination of cytokine levels in seminal plasma
may improve the diagnostic work-up of male infertility. Fraczek et al.
suggested that measurement of different interleukins in serum and
seminal plasma could help differentiate causes of various etiologies
of infertility.??

Limitations of the current study encompass the cross-sectional
nature of the study means that we cannot infer causal relationships
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between cytokine levels and infertility. Prospective cohorts that
track longitudinal changes in cytokines following varicocelectomy
would be helpful to determine whether or not these inflammatory
mediators can predict varicocele repair. We also did not analyze
OS parameters, which would have allowed for a more thorough
evaluation of the inflammatory-OS phenomenon in the patients

group.

CONCLUSION

In summary, in the present study, we have shown that seminal
plasma IL-37 and IL-41 are increased significantly in infertile
men, with the most marked increases among those affected by
varicocele. Our data augments previous reports on the essential
role of inflammatory cytokines in varicocele-related male infertility.
Therefore, IL.-37 and IL-41 may represent diagnostic/therapeutic
targets of varicocele-related male infertility. Further prospective
and large-scale studies on infertile varicocele patients are needed
to strengthen the evidence provided in the present study.

DECLARATION

Ethics Approval

The study was approved by the Institutional Ethics Committee,
University of Babylon (Approval No. EC/1882-24).

Informed Consent

Written informed consent was obtained from all participants prior
to their enrolment in the study.

Clinical Trial Registration
Not applicable.

Data Availability Statement

The data generated and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Artificial Intelligence (Al) Use Declaration

The authors declare that no Al tools were used in the preparation
of this manuscript.

ACKNOWLEDGMENT

The author sincerely thanks all the patients who participated in this
study for their valuable cooperation. The author also acknowledges
the support of the staff at the University of Babylon and appreciates
the constructive comments provided by the anonymous reviewers.

AuTHORS’ ConTRIBUTIONS (CREDIT)

Ahmed T Alahmar: Conceptualization, Methodology, Investigation,
Data Curation, Formal Analysis, Writing — Original Draft, Writing -
Review and Editing.

ORciID
Ahmed T Alahmar © https://orcid.org/0000-0003-2100-5807
REFERENCES

1. Agarwal A, Baskaran S, Parekh N, et al. Male infertility. Lancet
2020;397(10271):319-333. DOI: 10.1016/50140-6736(20)32667-2.

19.

20.

21.

22.

Gl M, Russo GI, Kandil H, et al. Male infertility: New developments,
current challenges, and future directions. World J Mens Health
2024;42(3):502-517. DOI: 10.5534/wjmh.230232.

World Health Organization. WHO laboratory manual for the
examination and processing of human semen, 6th ed. Geneva: WHO;
2021.

Alahmar AT, Singh R. Comparison of the effects of coenzyme Q10
and Centrum multivitamins on semen parameters, oxidative stress
markers, and sperm DNA fragmentation in infertile men with
idiopathic oligoasthenospermia. Clin Exp Reprod Med 2022;49(1):49—
56.DOI: 10.5653/cerm.2021.04910.

Attia H, Finocchi F, Orciani M, et al. Pro-inflammatory cytokines and
microRNAs in male infertility. Mol Biol Rep 2021;48(8):5935-5942.
DOI: 10.1007/511033-021-06593-6.

Agarwal A, Cannarella R, Saleh R, et al. Impact of varicocele repair on
semen parameters in infertile men: A systematic review and meta-
analysis. World J Mens Health 2023;41(2):289-310. DOI: 10.5534/
wjmh.220142.

Wood GJA, Cardoso JPG, Paluello DV, et al. Varicocele-associated
infertility and oxidative stress on sperm DNA fragmentation. Front
Reprod Health 2021;3:695992. DOI: 10.3389/frph.2021.695992.
Kavoussi P, Birowo P, Saleh R, et al. Varicocele and male infertility
conundrum: Making sense of anever-endingstoryforthe busy clinician.
Arab J Urol 2024;22(1):1-5. DOI: 10.1080/20905998.2023.2291628.
Alahmar AT. Coenzyme Q10 improves sperm motility and antioxidant
statusin infertile men with idiopathic oligoasthenospermia. Clin Exp
Reprod Med 2022;49(4):277-284. DOI: 10.5653/cerm.2022.05463.
Sengupta P, Dutta S, Alahmar AT. Reductive stress and male infertility.
Adv Exp Med Biol 2022;1391:311-321. DOI: 10.1007/978-3-031-12966-
7_17.

. FangY,SuY, XuJ, etal.Varicocele-mediated male infertility: From the

perspective of testicularimmunity and inflammation. Front Immunol
2021;12:729539. DOI: 10.3389/fimmu.2021.729539.

Syriou V, Papanikolaou D, Kozyraki A, et al. Cytokines and male
infertility. Eur Cytokine Netw 2018;29(3):73-82. DOI: 10.1684/
ecn.2018.0412.

Finelli R, Pallotti F, Cargnelutti F, et al. Sperm DNA damage
and cytokines in varicocele: A case-control study. Andrologia
2021;53(5):14023. DOI: 10.1111/and.14023.

Xu Y, Chen W, Wu X, et al. The role of cells and cytokines in male
infertility induced by orchitis. World J Mens Health 2024;42(4):681-
693. DOI: 10.5534/wjmh.230270.

Nold MF, Nold-Petry CA, Zepp JA, et al.IL-37 is a fundamental inhibitor
of innate immunity. Nat Immunol 2010;11(11):1014-1022. DOI: 10.1038/
ni.1944.

Cavalli G, Dinarello CA. Suppression of inflammation and acquired
immunity by IL-37. Immunol Rev 2018;281(1):179-190. DOI: 10.1111/
imr.12605.

GuM, JinY,Gao X, etal. Novel insights into IL-37: An anti-inflammatory
cytokine with emerging roles in anti-cancer process. Front Immunol
2023;14:1278521. DOI: 10.3389/fimmu.2023.1278521.

ShiR,He M, Peng Y, etal. Homotherapy for heteropathy: Interleukin-41
and its biological functions. Immunology 2024;173(1):1-3. DOI:
10.1111/imm.13791.

Li Y, Wang H, Ren D, et al. Interleukin-41: A novel serum marker for
alpha-fetoprotein-negative hepatocellular carcinoma. Front Oncol
2024;14:1408584. DOI: 10.3389/fonc.2024.1408584.

Zeinali M, Hadian Amree A, Khorramdelazad H, et al. Inflammatory
and anti-inflammatory cytokines in the seminal plasma of infertile
men with varicocele. Andrologia 2017;49(6):e12685. DOI: 10.1111/
and.12685.

Jocic J, Tomic Lucic¢ A, Jovanovic |, et al. Interleukin 41 as a potential
predictor of bio-therapy efficacy in patients with rheumatoid arthritis.
Int J Med Sci 2024;21(13):2518-2524. DOI: 10.7150/ijms.98752.
Hedger MP, Klug J, Frohlich S, et al. Regulatory cytokine expression
and interstitial fluid formation in the normal and inflamed rat testis
are under Leydig cell control. J Androl 2005;26(3):379-386. DOI:
10.2164/jandrol.04149.

Journal of South Asian Federation of Obstetrics and Gynaecology, Volume X Issue X (XXXX—=XXXX XXXX) 5


https://orcid.org/0000-0003-2100-5807
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.5534/wjmh.230232
https://doi.org/10.5653/cerm.2021.04910
https://doi.org/10.1007/s11033-021-06593-6
https://doi.org/10.5534/wjmh.220142
https://doi.org/10.5534/wjmh.220142
https://doi.org/10.3389/frph.2021.695992
https://doi.org/10.1080/20905998.2023.2291628
https://doi.org/10.5653/cerm.2022.05463
https://doi.org/10.1007/978-3-031-12966-7_17
https://doi.org/10.1007/978-3-031-12966-7_17
https://doi.org/10.3389/fimmu.2021.729539
https://doi.org/10.1684/ecn.2018.0412
https://doi.org/10.1684/ecn.2018.0412
https://doi.org/10.1111/and.14023
https://doi.org/10.5534/wjmh.230270
https://doi.org/10.1038/ni.1944
https://doi.org/10.1038/ni.1944
https://doi.org/10.1111/imr.12605
https://doi.org/10.1111/imr.12605
https://doi.org/10.3389/fimmu.2023.1278521
https://doi.org/10.1111/imm.13791
https://doi.org/10.3389/fonc.2024.1408584
https://doi.org/10.1111/and.12685
https://doi.org/10.1111/and.12685
https://doi.org/10.7150/ijms.98752
https://doi.org/10.2164/jandrol.04149
https://doi.org/10.2164/jandrol.04149

Seminal IL-37 and IL-41 in Men with Varicocele

23.

24,

25.

26.

27.

6

Fraczek M, Czernikiewicz A, Kurpisz M. Cytokines and oxidative stress
inthe germ line.In: Agarwal A, Aitken RJ, Alvarez JG, editors. Studies
on Men'’s Health and Fertility. New York: Springer; 2012. pp. 179-205.
Fraczek M, Hryhorowicz M, Gill K, et al. Cytokines in the blood and
semen of infertile patients. Cent Eur J Immunol 2015;40(3):337-346.
DOI: 10.5114/ceji.2015.54596.

JiaZC, Liu SJ,ChenTF, et al.Chlorogenic acid improves spermatogenic
dysfunction in rats with varicocele by regulating mitochondrial
homeostasis and inhibiting NLRP3 inflammasome activation. Bioorg
Chem 2024;150:107571. DOI: 10.1016/j.bioorg.2024.107571.

Nallella KP, Allamaneni SS, Pasqualotto FF, et al. Relationship of
interleukin-6 with semen characteristics and oxidative stress
in patients with varicocele. Urology 2004;64(5):1010-1013. DOI:
10.1016/j.urology.2004.05.045.

Eggert-Kruse W, Kiefer |, Beck C, et al. Role for tumor necrosis factor
alpha (TNF-a) and interleukin 1-beta (IL-1p) determination in seminal
plasma during infertility investigation. Fertil Steril 2007;87(4):810—
823.DOI: 10.1016/j.fertnstert.2006.08.103.

28.

29.

30.

3

32.

33.

Wang F, Yang W, Ouyang S, et al. The vehicle determines the
destination: the significance of seminal plasma factors for male
fertility. Int J Mol Sci 2020;21(22):8499. DOI: 10.3390/ijms21228499.
Franco A, Proietti F, Palombi V, et al. Varicocele: To treat or not to
treat? J Clin Med 2023;12(12):4062. DOI: 10.3390/jcm12124062.
Simoni M, Brigante G, Rochira V, et al. Prospects for FSH treatment
of male infertility. J Clin Endocrinol Metab 2020;105(7):dgaa243. DOI:
10.1210/clinem/dgaa243.

Torkian P, Rosenberg M, Talaie R, et al. Varicocele embolization:
Interventional radiologist’s perspective. Semin Intervent Radiol
2022;39(6):581-586. DOI: 10.1055/5-0042-1759734.

Lo Z, Ismail MH. Recent advances in male contraception: Where are
we now? A review of literature. J South Asian Fed Obstet Gynecol
2025;17(4):548-556. DOI: 10.5005/jp-journals-10006-2620.

Kumar N, Garg R, Gangane N, et al. Female-factor infertility in
India—Sociodemographic and clinical associations: A cross-sectional
observational study.J South Asian Fed Obstet Gynecol 2026;18(1):21-
27.DOI: 10.5005/jp-journals-10006-2860.

Journal of South Asian Federation of Obstetrics and Gynaecology, Volume X Issue X (XXXX—XXXX XXXX)


https://doi.org/10.5114/ceji.2015.54596
https://doi.org/10.1016/j.bioorg.2024.107571
https://doi.org/10.1016/j.urology.2004.05.045
https://doi.org/10.1016/j.urology.2004.05.045
https://doi.org/10.1016/j.fertnstert.2006.08.103
https://doi.org/10.3390/ijms21228499
https://doi.org/10.3390/jcm12124062
 https://doi.org/
10.1210/clinem/dgaa243
https://doi.org/10.1055/s-0042-1759734
https://doi.org/10.5005/jp-journals-10006-2620
https://doi.org/10.5005/jp-journals-10006-2860

	_Hlk216332255
	_Hlk216338276
	_GoBack
	_Hlk216332391
	_Hlk216332344
	_Hlk216333488



