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Abstract

Cytokines have been important mediators of the immunity and can be involved in numerous pro-
cesses in the male genital tract including acting as immunomodulatory elements within the male gonad.

The aims of this study were: 1) to detect pro- and anti-inflammatory cytokine levels in the control
group and subgroups of infertile men; and 2) to set up the practical recommendations concerning de-
termination of cytokine levels for the male infertility diagnosis.

Observations were performed in a group of 82 men: healthy controls (n = 27) and infertile patients
(n = 55). The male infertility group was further subdivided into patients with: varicocele (n = 22), idio-
pathic infertility (n = 13) and partners of couples with recurrent spontaneous abortion (RSA; n = 20).
Semen analysis was determined following WHO criteria. The cytokine interleukin 13 (IL-18), IL-6,
1L-10, IL-18; tumor necrosis factor o. (TNF-a.), interferon y (IFN-y) and transforming growth factor 1
(TGF-B1) contents in serum and seminal plasma were determined by quantitative ELISA.

An interesting marker of male infertility appears to be TGF-B1 (blood) significantly elevated in
idiopathically infertile males and in the RSA group. Besides elevated TGF-f1 in a group of idiopathic
infertility significantly elevated IL-10, IL-18, IFN-y (blood) and statistically decreased IL-1 while

increased IFN-y were revealed in seminal plasma compared to healthy controls.

We may postulate novel cytokine micropatterns for patients with different background of infertility.
Therefore, circulating cytokines: IL-1p, IL-10, IL-18, TGF-B1, IFN-y and IL-1B, IFN-y and TGF-B1 in
seminal plasma should be extended in evaluation of specific types of male infertility.
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Introduction

Infertility is defined as inability of couples to achieve
pregnancy following one year of unprotected intercourse.
By this criterion, infertility affects 13-18% of couples and
male factor accounts for up to half of all the cases [1].

Development of male infertility is influenced by many
background diseases and/or risk factors. A substantial in-
crease in the infertility risk is noted mainly in male popu-
lation, especially when exposed to environmental factors,
such as diet and general lifestyle. However, it is important
to recognize also genetic variants associated with common
complex diseases as male infertility which can be only
“one piece of the puzzle” making up an overall risk [2].
No cause can be found using routine diagnostic work-up
in 10-15% of infertile couples. A male contribution to in-
fertility is found to be 45-50% of the cases. Out of them, in
30-45%, the cause has not been identified (idiopathic male
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infertility). Besides relevant somatic and genetic factors,
male infertility may be caused by existing co-morbidities
as general/systemic diseases, malignancies (including
lymphomas, leukemias), obesity and others [3]. Testicu-
lar dysfunction causing infertility can be multifactorial,
particularly in patients with associated chronic illnesses
[4-8]. Furthermore, inflammatory diseases or chronic re-
nal failure, immunosuppressive treatment and frequent
genetic abnormalities associated with sex chromosomes
(Klinefelter’s syndrome and Y-chromosomal microdele-
tions), and also the presence of anti-sperm antibodies
(ASA) may influence reproductive functions [9].

One of the main male infertility causes is varicocele
which is present in 2-22% of the adult male population
[10, 11]. Immunological and hormonal factors are vitally
important for the observed sperm motility reduction and
they appear to have a certain role in varicocele-related
infertility [12]. Data on varicocele indicate seminological
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parameters as contradictory since males with varicocele
show infertility with variable spermiograms. Moreover,
some males with varicocele appear to be fertile, but their
fertility potential might decline gradually [13]. Acute and
chronic infections of the genitourinary (GU) tract play
also an important role in male factor infertility. They are
involved in up to 15% of male infertility. Although GU
tract infections can lead to elevated numbers of seminal
leukocytes (SL), there are multiple other reasons for semi-
nal leukocytes presence independent of infectious etiology.
A history of autoimmunity can be also potentially nonin-
fectious with an elevated SL content, as the role of seminal
leukocytes is mostly to scavenge the faulty sperm [14].
However, in most studies regarding male genital infection/
inflammation, cytokines and their various soluble receptors
have been distinctly expressed in the seminal plasma inde-
pendent of the presence of infections [15, 16].

The incidence of infertility among males is still diffi-
cult to be precisely established, however current evidence
suggests that approximately 20-25% of young men has
poor semen quality and in 30-50% of couples undergo-
ing in vitro fertilization (IVF), a male factor principally
contributes to infertility. Male infertility is not outwardly
obvious because macroscopically the ejaculates of fertile
and infertile men frequently appear to be similar. It is only
when couples fail to achieve conception, that male infertil-
ity may be suspected and laboratory tests (e.g. semen anal-
ysis) are required to establish this reliably. In recent years,
a question whether or not the incidence of male infertility
has been really increased is intensely debated [17]. A lot
of evidence suggests that somatic testicular cells (Sertoli,
Leydig, peritubular cells) in physiological conditions
produce vast amounts of cytokines, such as interleukin 1
(IL-1), and IL-6, which take part in spermatogenesis and
semen maturation [18-20].

In the male gonad, cytokines are produced physiolog-
ically and are involved in its normal function. In conse-
quence, they must also appear as natural components of
seminal plasma [21]. A network of cytokines, chemokines,
and growth factors, such as interleukins (ILs), IL-1a and
IL-1B, IL-2, IL-4 — IL-8, IL-10 — IL-13, IL-17, and IL-
18, their soluble receptors and antagonists (e.g., IL-1RA,
sR IL-2, sR IL-6), TNF-a, transforming growth factor
(TGF) family of cytokines (o and B, and y), granulocyte
colony-stimulating factor (GM-CSF), and macrophage
inflammatory proteins oo (MIP-1a) and f (MIP-B), were
shown to be present in human semen [21, 22].

The precise origin and regulation of the cytokines in
the male genital tract are still under investigation. The
main sources of cytokines occurring in the male repro-
ductive tract are testes and, among others, testicular mac-
rophages, although some cytokines (IL-1, IL-6) are also
produced by integral testicular somatic cells, as are the
Leydig and Sertoli cells [18]. They can affect every aspect
of reproductive physiology and fertility regulation. Tumor
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necrosis factor o (TNF-a), interleukins, IFN-y, and some
of their soluble receptors present in semen are also secret-
ed by immune cells, mesenchymal cells, Sertoli cells and
spermatogonia. Cytokines such as IL-6, IL-8 and TNF-a
may therefore naturally occur in human semen [23].

Testes are considered to be an immunoprivileged or-
gan due to the developed tolerance to sperm autoantigens
secreted (leaking) during sexual maturity from male, germ
cells. This phenomenon supports development of sper-
matogenesis. Testes are protected against autoimmune
diseases due to immunological/anatomical blood-testis
barrier (BTB) which mostly prevents the antigenic leak-
age out of germ cells to the immune system and transition
of antibodies from endothelium to the lumen of seminifer-
ous tubules. Immunosuppressive factors secreted by mac-
rophages, the Sertoli, Leydig, and peritubular cells, and
a limited presence of activated T-lymphocytes (particularly
of CD8+ phenotype) and regulatory Treg lymphocytes are
also in action. Maintaining of the balance between system-
ic immunity and the “immunoprivileged” status of gonad
depends, among others on the function of cytokines which
perform both roles as proinflammatory mediators as well
as its inhibitors [24].

Blood-testis-barrier regulation is ensured by activat-
ed TGF-B and TNF-a systems. Receptors for these cyto-
kines are located on Sertoli cells which regulate migra-
tion of germ cells through the barrier to the adluminal
compartment [18]. Cytokines may influence apical ES
(ectoplasmic specialization) as well as the whole BTB al-
tering protein levels present in biological membranes as
N-cadherin in the case of apical ES and occluding zones
in BTB. A consequence of their action is an increase in
protein endocytosis and intracellular endosome-mediated
degradation [18, 25].

Tumor necrosis factor o function is different from the
remaining cytokines and it acts on the androgenic receptor
regulating testosterone activity. Therefore, cytokines of the
TNF-family promote cell survival during spermatogenesis
[26]. Tumor necrosis factor a can also influence spermato-
genesis and the sperm function by multiple tasks, such as
reducing the production of testosterone, and/or adjusting
the proportion of hormones in parts of testis (from Sertoli
cells). Besides, TNF-a has a direct effect on sperm motil-
ity [23]. Thus, TNF-a. has been implicated in steroidogen-
esis regulation as well as in germ cell survival, and in Ser-
toli and Leydig cell secretory function.

Cytokines do not only play a role in directing germ
cells to apoptosis, but TNF-a, TGF-B2, and TGF-3 to-
gether with testosterone have capacity to regulate sper-
matogenesis [27, 28]. For example, TGF-f regulates a va-
riety of cellular processes, including the secretory function
of Leydig and Sertoli cells, testis biological development
and spermatogenesis intensity [29].

As previously stated, human semen contains a variety
of different cytokines and other immunological factors but
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their effects on semen quality and sperm function are still
the subject of intense debate [30-34].

The aims of the present study were: 1) to detect the
levels of pro- and anti-inflammatory cytokines in the con-
trol group of healthy men and in different subgroups of
infertility; and 2) to emphasize determination of cytokine
levels as a possible addition to male infertility diagnosis.

Material and methods

Patients

Observations were carried out on 82 male individuals
consisting of 27 healthy controls and 55 infertile patients.
All these patients (n = 55) attended the out-patient for
couples infertility and were sampled before the process
of medical treatment began. They formed three infertile
subgroups to be studied: patients with varicocele (n = 22);
patients with idiopathic infertility (n = 13); and somatic
healthy men whose wives had early recurrent sponta-
neous miscarriages (within the first trimester) (n = 20).
Serum samples were collected during a routine procedure
of drawing venous blood without anticoagulant. Seminal
plasma samples were collected from completely liquefied
ejaculates and were centrifuged at 300 g for 20 minutes.
Collected males were individually informed on the purpose
of the study and agreed to have used their blood and semen
samples. A project encompassing this research (National
Science Centre of Poland) was approved by the Local Bio-
ethical Committee of Lviv National Medical University
which granted permission for patients participation.

Methods

Semen analysis

Male subjects were sexually abstinent for 3-5 days. Se-
men samples were obtained by masturbation. After com-
plete semen liquefaction, volume, appearance, fluidity and
basic sperm parameters were determined following the
procedures described by the WHO Manual (WHO, 2010).
The routine seminological analysis was carried out esti-
mating sperm density, motility, viability and morphology.

The cytokine contents in serum and seminal
plasma

The serum and seminal plasma samples were kept
at —20°C and cytokine contents of IL-1p, IL-6, IL-10,
IL-18; TNF-a, IFN-y and TGF-f1 were determined using
the quantitative ELISA method. The kits detecting IL-1J3,
IL-6, IL-10, IL-18, TNF-a and IFN-y were obtained from
VECTOR-BEST (Novosibirsk, Russia); while the kits
detecting TGF-B1 — from DRG Diagnostics, (Germany).
Sensitivity limits for cytokine detection were as follows:
for IL-1B — 1 pg/ml, IL-6 — 0.5 pg/ml, IL-10 — 1 pg/ml,
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IL-18 — 5 pg/ml, TNF-a — 1 pg/ml, IFN-y — 5 pg/ml,
TGF-B1 - 1.9 pg/ml.

Statistics

Since interleukin levels were normally distributed,
mean and standard deviations were calculated. These val-
ues as well as probability analyses were calculated using
the Mann-Whitney method.

Results

We have found statistically significant differences in
various subgroups of infertile patients in comparison to the
control group of healthy males.

Thus, statistically significant elevated levels of
TGF-B1 were found in infertile males with idiopathic in-
fertility (no conception) (Fig. 1A) and in male partners of
couples with early recurrent miscarriages (Fig. 1B) com-
pared to healthy controls.

We have also found statistically significant elevated lev-
els of IL-10 (Fig. 2A), IL-18 (Fig. 2B) and IFN-y (Fig. 2C)
in blood serum samples of a group of idiopathically infer-
tile males comparing to the male healthy control group. In-
terestingly in this group of infertile males, the IL-1p level
in seminal plasma was significantly decreased (Fig. 3A)
while IFN-y was significantly increased (Fig. 3B).

Discussion

The local bioactivity of substances released by seminal
leukocytes (SL) during the inflammatory reactions in the
genitourinary tract and reciprocal interactions among the
particular inflammatory mediators (bacteria, leukocytes,
proinflammatory cytokines) has been an interesting field,
which has been recently often taken up due to its possi-
ble clinical implications. Creation of an in vitro model for
inflammatory conditions enables observations of particu-
lar pro-inflammatory mediators and their influence on the
qualitative and quantitative changes at oxygen metabolism
in semen, which obviously cannot be traced in a healthy or
a sick patient in in situ condition [18].

The high levels of some cytokines present during per-
sistent infection/inflammation in the male genital tract may
augment the peroxidation process and affect sperm func-
tion with a subsequent development of infertility. Many
authors suggest that the measurement of IL-6, IL-8, and/
or IL-18 contents in seminal plasma can be a sensitive
marker of early infection/inflammation in the male gen-
itourinary tract and a signal for fast intervention with an
anti-inflammatory treatment [35-38]. The role and function
of leukocytes in semen, as well as their clinically relevant
pathological threshold values, are a matter of debate [39].
The IL-1f, IL-4 and IL-10 contents in seminal plasma are
closely related to male reproductive ability. The increase
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Fig. 1A-B. The TGF-B1 levels in blood samples of the control group of healthy males and a group of infertile individuals:
with A) idiopathic infertility (no conception), B) partners in couples with recurrent spontaneous abortions

or decrease in these cytokines reflect the status of immu-
nity and/or infection of the reproductive system, and influ-
ence sperm function [40, 41]. A lot of studies dedicated to
the effects of cytokines and growth factors on sperm func-
tion provided, however, controversial results. For example,
most investigators suggested that the cytokines detected in
seminal plasma are associated with the leukocytospermia
but these are not frequently the cause of semen abnormal-
ities [see, for review, 18].

In the male genital system, some cytokines (IL-1 and
IL-6) can be produced and secreted not only by somatic
cells, but also by germ cells. It is possible therefore that
cytokines may act not only towards somatic cells, but also
towards the germ cells both in an autocrine and paracrine
fashion. It is possible that cytokines may act during sper-
matogenesis, sperm maturation, sperm transport, and even
during the fertilization process itself. Finally, cytokines
can be released by various immunocompetent cells pres-
ent in the male genital tract, which can be the major source
of these factors produced in response to foreign antigens,
pathogens, and also in inflammatory conditions [18]. It
was demonstrated that antisperm antibodies can be a com-
mon reason of male infertility also in association with the
cytokine presence and that infection/inflammation of the
male genital tract, systemic infection or illness may dete-
riorate the testicular function [24]. Conversely, secondary
autoimmune orchitis can be represented by testicular vas-
culitis associated with systemic autoimmune diseases such
as polyarteritis nodosa, Behget’s disease, and rheumatoid
arthritis [42, 43].
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Generally, effects of different cytokines on the semen
quality and sperm function can be very different. Current
literature provides the following issues: 1) there exists
a controversy concerning the role of particular cytokines
in the fertilization process; 2) a lot of studies indicate the
lack of any connection between the cytokine levels and
semen quality or infertility status; 3) a number of studies,
however, point out to the observed relationship between the
cytokine hypersecretion and the deterioration of semen pa-
rameters or sperm fertilization ability; 4) some authors have
not found similar good effects of TNF-o and IL-8 towards
sperm motility and the acrosome reaction; 5) IFN-y seems
to show an ability to inhibit sperm motility; 6) IL-12 plays
a certain role in inducing of male infertility; 7) there has
been observed a strong relationship of increased seminal
plasma TNF-a levels with sperm DNA/chromatin damage
and decreased (progressive and total) sperm motility; 8) the
IL-6 levels found in semen of immune infertile patients was
significantly higher and revealed a clear negative correla-
tion with the amount of sperm [23, 28, 38, 44-47].

The positive effects of cytokines in the male reproduc-
tive function can be summarized as follows: 1) multifacto-
rial interactions are attributed to IL-18 regarding homoeo-
stasis of cell proliferation and apoptosis in the testis; 2) the
proinflammatory cytokines are paracrine defense factors
in the male gonad; 3) the anti-inflammatory cytokines are
the soluble immunosuppressive factors, which protect tes-
tis against autoimmune reaction in collaboration with ana-
tomical blood-testis-barrier (BTB) [24, 48].

It appears that participation of some cytokines in the
regulation of fertility may be dependent upon their con-
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centrations. High levels of certain cytokines in semen may
correspond to the quality of semen parameters, such as
sperm count, motility and morphology, or sperm-oocyte
penetration rates.

An interesting observation arising from our studies is
a potentially significant role of TGF-B1 in different forms
of male infertility (Fig. 1). Its elevated levels were found
in: a) a group of idiopathically infertile individuals, and
b) male partners in couples with recurrent spontaneous
abortion. Transforming Growth Factor § in normal range
regulates a variety of cellular processes, including the se-
cretory function of Leydig and Sertoli cells, testis develop-
ment and spermatogenesis. This cytokine (in high concen-
tration) in concert with TNF-a probably plays also a role
in directing germ cells to apoptosis [27, 28]. Excessive
Transforming Growth Factor B1 signaling is associated
with pathological scarring and fibrotic diseases. TGF-31
activation and signaling have multiple points of regulation
that modify its transcriptional and functional immunoreg-
ulatory effects. For example, in Crohn’s disease dominant
inhibitory Smad-7-receptor blocks TGF-B1 immunoregu-
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C) IFN-y

latory actions permitting T-cell proinflammatory signaling.
The cytokines of the TGF-f family play a critical role in
the regulation of cell cycle progression and differentiation,
in both normal and pathological conditions [29].

Since TGF-B1 was found consequently to be elevat-
ed in the blood samples of two male infertility subgroups
(comparing to control healthy males), this undoubtedly
makes its biological meaning for male infertility and so
far has no direct reflection in reported studies on cytokines
and its relationship with male reproduction. Prospective
studies should follow this direction in near future.

Striking data were found in biological fluids (both
in blood and seminal plasma) of patients with idiopathic
infertility (no conception). Generally, there is no good
literature documentation of the studies of immune param-
eters in this male population. We have found statistically
increased levels of IL-10, IL-18, TGF-1 and IFN-y in
blood samples; while an increased level of IFN-y and de-
creased level of IL-1f in seminal plasma (p < 0.05) in
this group comparing to healthy males (Figs. 2 and 3).
This group of patients should be better examined in fu-
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Fig. 3A, B. The cytokine levels in seminal plasma of the control group of healthy males and a group of idiopathically

infertile (no conception) individuals: A) IL-13, B) IFN-y

ture with regard to the immune causes of infertility de-
velopment. Specifically since idiopathic infertility con-
stitutes a serious problem to its detection, diagnosis and
treatment.

Increased levels of IL-18 can be detected in biological
fluids and organs of individuals in several autoimmune an-
imal models. Identification of the causes of uncontrolled
IL-18 production and its activity in autoimmune reactions
would allow to find novel therapeutic targets to effectively
block autoimmune activation and to inhibit concomitant
tissue damage [24]. Interleukin 18 increased profile has
been detected in our idiopathically infertile group (Fig. 2).

Interferon y seemed to show an ability to inhibit sperm
motility as the only cytokine, but this phenomenon was
only observed when high concentrations of this cytokine
were applied. Thus, it appears that participation of some
cytokines in the regulation of fertility may be dependent
upon their concentrations [47]. We should not miss the
fact that cytokines act in a pleiotropic way and often their
interaction may result in an unknown manner.

Numerous reports appeared in which the limited value
of standard semen analysis was underlined when assess-
ing male fertilizing potential. Measurement of cytokine
concentrations is still not a routine practice. Controlled
prospective studies, including a large number of patients,
and a wide range of analyzed semen parameters together
with patient characteristics and reproductive outcome, are
urgently required to answer the question about the future
of the novel biomarkers, such as cytokines both in blood
and when secreted to seminal plasma.
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Several aspects of cytokine research within the male
reproductive system indicated: a) the presence of variety
of cytokines in human seminal plasma, b) differences in
cytokine concentrations between fertile and infertile men,
c¢) negative correlations between some cytokine levels and
semen parameters, d) correlations between cytokine levels
and leukocyte count as well as, e) usefulness of some cyto-
kines as clinical markers of male infertility subtypes [18].

Generally, we have demonstrated significant changes
in cytokines micropattern concerning different cohorts of
infertile patients, that is patients with idiopathic infertility,
and in male partners of couples with early miscarriages.
Among those, a group of infertile males with idiopathic
background looks much more intriguing than the remain-
ing one according to the range of cytokines significantly
engaged in its etiology. Probably this group of patients
should be further investigated for immunological reasons
for infertility development. Prospectively, we may suggest
extending the studies of immunological parameters ad-
dressing the issue whether these factors may profile male
infertility with specific cytokine micropattern for each in-
fertility disorder allowing them to be better differentiated
and more precisely diagnosed (and treated) using more
appropriate means.

Conclusions

We have demonstrated significant changes in immuno-
logical parameters studied in subgroups of infertile patients
with idiopathic infertility, and male partners of couples
with early spontaneous miscarriages.
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On the basis of the results obtained in the mentioned
male infertility subgroups, we propose extending infertility
diagnosis by detecting IL-1p, IL-10, IL-18, TGF-B1, IFN-y
in blood serum and IL-1p and IFN-y in seminal plasma
in order to clarify whether these factors may constitute
a novel approach to the clinical work-up of male infertility
management.

The study was supported by the National Science
Centre, Poland, grant no. 2011/01/B/NZ2/04836.
The authors declare no conflict of interest.
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