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a  b  s  t  r  a  c  t

Autoimmune  reactions  against  the  sperm  cells  play  an  ambiguous  role in  fertility  impairment.  The  objec-
tive  of  this  study  was  to characterize  functional  deficit  of  sperm  conditioned  by  antisperm  immune
response  in  normozoospermic  men.  This  was  a multi-centric,  cross-sectional,  case–control  study.  The
study  subjects  were  1060  infertile  normozoospermic  men  and  107 fertile  men.  The main  outcome  mea-
sures  were  clinical  examination,  semen  analysis  including  MAR  test  for antisperm  antibodies  (ASA),
computer-aided  sperm  analysis,  acrosome  reaction  (AR)  detected  with  flow  cytometry,  DNA  fragmen-
tation  measured  with  sperm  chromatin  dispersion,  reactive  oxygen  species  (ROS)  assessed  using the
luminol-dependent  chemiluminescence  method.  2% of the  fertile  men  had MAR-IgG  ≥ 50%,  but  all  subjects
with  MAR-IgG  >  12%  were  outliers;  16%  infertile  men  had  MAR-IgG  ≥ 50%  (p < 0.0001).  There  was  a  direct
correlation  between  the  infertility  duration  and  MAR-IgG  (R  =  0.3; р <  0.0001).  The  ASA-positive  infer-
tile  men  had  AR  disorders  2.1 times  more  frequently  (р < 0.02),  predominantly  inductivity  disorders.  We
found  signs  of  hyperactivation  proportionate  to  the  ASA level  (p  < 0.001).  DNA  fragmentation  was more
highly  expressed  and was  1.6 and 1.3  times  more  frequent  compared  with  the  fertile  and  the  ASA-negative
patients,  respectively  (p <  0.001  and p <  0.05).  We  found  signs  of  oxidative  stress  (OS):  ROS  generation
by  washed  ASA-positive  spermatozoa  was  3.7 times  higher  than  in  the  fertile  men  (p < 0.00001)  and

depended  on  the  ASA  levels  (R  =  0.5; p <  0.0001).  The  ASA  correlation  with  ROS  generation  in native  sperm
was  weak  (R  =  0.2;  р <  0.001).  We  concluded  that  autoimmune  reactions  against  spermatozoa  are accom-
panied  by  a fertility  decrease  in  normozoospermia.  This  results  from  AR  and capacitation  disorders  and
DNA  fragmentation.  The  pathogenesis  of sperm  abnormalities  in  immune  infertility  is  associated  with
the  OS  of  spermatozoa.

© 2015  Elsevier  Ireland  Ltd.  All  rights  reserved.
Abbreviations: ALH, amplitude of lateral head displacement; AR, acrosome reac-
ion; ASA, antisperm antibodies; CAP, capacitation; CPM, ROS counted as photons
er minute; DFI, DNA fragmentation index; Ig, immunoglobulin; IVF, in vitro fertil-

zation; ICSI, intracytoplasmic sperm injection; MAR, mixed antiglobulin reaction;
S, oxidative stress; ROS, reactive oxygen species; SCD, sperm chromatin dispersion;
CSA, sperm chromatin structure assay; VCL, curvilinear velocity; VSL, straight-line
rectilinear) velocity; WHO, World Health Organization.
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nd Reproduction, I.M. Sechenov First Moscow State Medical University and Depart-
ent of Clinical Andrology, Federal State Budget Institution Peoples’ Friendship
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1. Introduction

The World Health Organization (WHO) defines autoimmune
reactions against the sperm cells as one of the causes of infertil-
ity in men  (WHO, 2000). Antisperm antibodies (ASA) have been
described in 8–21% of infertile men; however, the presence of
ASA has also been detected in 1.2–19% of fertile men, suggesting
that not all ASA cause infertility (Krause, 2009; Francavilla and
Barbonetti, 2009; Vazquez-Levin et al., 2014). Antibodies directed
against spermatozoa components have been shown to exert detri-

mental effects on different pre- and post-fertilization events: ASA
can affect cell transport and motility, gamete interaction, and
also early embryonic development, implantation, and fetal devel-
opment (Mazumdar & Levine, 1998; Bronson, 1999; Chiu and
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hamley, 2004; Francavilla and Barbonetti, 2009; Vazquez-Levin
t al., 2014; Cui et al., 2015). However, in the most recent and largest
tudy, a highly positive IgG-MAR test (IgG-ASA ≥ 50%) revealed a
educed, albeit not significantly, possibility of conception in only 3%
f 1794 patients with infertile marriages during a one-year follow-
p (Leushuis et al., 2009). Some researchers believe that ASA do not

nfluence outcome independently of sperm motility and agglutina-
ion (Tomlinson et al., 2013). Others have found no ASA effect on
ertilization outcome (Pagidas et al., 1994; Yeh et al., 1995; Vujisic
t al., 2005). In a meta-analysis study, no relationship was  found
etween ASA levels in semen and pregnancy rates following IVF
nd ICSI (Zini et al., 2011). Thus, infertility risk and mechanisms of
ertility decrease in ASA-positive men  and the influence of ASA on
he processes following fertilization are still unclear, which is espe-
ially important in the era of assisted reproduction technologies.

The study objective was to evaluate the sperm functional deficit
esulting from antisperm immune response and to identify the
athogenesis of these disorders in normozoospermia. This paper
iscusses the role of IgG class ASA; IgA antibodies, whenever they
ccur, are always found in association with IgG, while the opposite
ituation is very rare (Francavilla and Barbonetti, 2009).

. Materials and methods

The cross-sectional multi-centric study was performed at I.M.
echenov First Moscow State Medical University, Research Center
or Obstetrics, Gynecology and Perinatology of Ministry of Health-
are of the Russian Federation, and Peoples’ Friendship University
f Russia, from 2008 to 2014. The study is based on a retrospec-
ive analysis of the medical data of 2556 married heterosexual

en, aged 20–45, with a regular sexual life and with a suspected
ale infertility factor. The study was approved by the Institutional

eview Board; written informed consent was obtained from all
ubjects.

The couples were examined according to WHO  recommenda-
ions (WHO, 2000). The inclusion criteria for the study group were:
t least 12 months of involuntary infertility with at least one unpro-
ected sexual intercourse taking place per week, and a female
artner under 35 without confirmed female infertility factors. The
xclusion criteria were: female partner infertility (amenorrhea,
novulation, bilateral tubal occlusion); ejaculation or sexual disor-
ers that prevent the semen from penetrating the vagina; infection
nd inflammation of ancillary genital glands (leukocyte count more
han 1 million/ml) in male subjects; reproductive tract infections;
ligo-, asteno- and/or teratozoospermia; azoospermia.

The laboratory tests of semen quality included spermatozoa and
eukocyte counts, the total sperm volume, the evaluation of the
ature of the spermatozoa (their vitality, motility, and morphol-
gy), etc. The mixed antiglobulin reaction (MAR) test (SpermMar
it, FertiPro, Belgium) was performed to define the percentage of
permatozoa coated with IgG (MAR-IgG) (WHO, 2010).

Following the cross-sectional study, a group was formed of the
en  whose ejaculate met  the WHO  “normozoospermia” criteria

n = 1060). In this group, we evaluated the number of ASA cases,
stablished the correlation between ASA counts and the dura-
ion of involuntary infertility, test results, which characterize the
unctional state of the spermatozoa: motility, acrosome reaction
AR), DNA fragmentation, and intracellular oxidative stress. The
ase–control study was a comparative study of the groups of nor-
ospermic patients with different ASA counts: the study group

onsisted of the men  at a high risk of immune infertility, who  had

AR-IgG ≥ 50%, (n = 166), the comparison group with MAR-IgG = 0%
as formed using the stratification method (n = 211); the age and

tandard spermogram parameters of the groups were statistically
imilar.
tive Immunology 112 (2015) 95–101

One hundred and thirty-two fertile men  aged 19–45 years were
examined; 107 of them met  the normozoospermia criteria and
were enrolled for the control group. The inclusion criteria for the
control group were a spontaneous 8- to 16-week pregnancy in
their female partners. The study and the control groups had similar
baseline characteristics.

Sperm motility characteristics were evaluated in undiluted
semen with computer-aided sperm analysis (CASA) using the
sperm analyzer “MTG” (the program “medeaLAB CASA”; Medi-
cal Technology Vertriebs Gmbh, Bruckberg, Germany). Curvilinear
(track) velocity (VCL, �m/s), straight-line velocity (VSL, �m/s), and
amplitude of lateral head displacement (ALH, �m)  were calculated.

The spontaneous and induced AR was  evaluated by flow cytom-
etry (Nikolaeva et al., 1998) with double fluorescent staining
of spermatozoa using fluorescein-labeled lectin from P. sativum
(Sigma, USA) and rhodamine-labeled lectin from A. hypogaea
(Sigma, USA). The intensity of green and red fluorescence of each
cell subpopulation was  evaluated by the Facscan flow cytometer
(Becton Dickinson, USA). The AR was  induced by exposure of the
spermatozoa to the ionophore A23187 (Sigma, USA). The AR after
ionophore challenge was calculated as the study group AR minus
the control group AR.

The DNA fragmentation was evaluated using the sperm chro-
matin dispersion method (Halosperm®; Halotech DNA, Spain) in an
inert agarose gel with the visual microscopic halation assessment
after DNA acid denaturation and nuclear protein lysis (Gosalvez
et al., 2011). According to the test-system manufacturer’s instruc-
tions, the reference level of the sperm DNA fragmentation index
(DFI) was  below 20%.

The generation of reactive oxygen species (ROS) was measured
in sperm cells with the chemiluminescence assay using lumi-
nol (Sigma Chemical Co, USA) staining (Agarwal and Deepinder,
2009; WHO, 2010). ROS levels were determined by measuring
chemiluminescence via a luminometer (Wallac Co., Finland; “Lum-
5773”, Moscow State University, Russia). For the ROS assessment
in washed semen, the aliquots of liquefied semen were centrifuged
at 300 g for seven minutes. The sperm pellet was washed twice
with human tubal fluid, HEPES buffered (Irvine Scientific, USA). Ten
microliters of 5-mM luminol (Sigma Chemical Co, USA) prepared
in dimethylsulfoxide (DMSO) (Sigma, USA) was added to 400 mL  of
the washed sperm suspension. The test results of the fertile men in
the control group were considered normal.

The data were processed using the “STATISTICA” software
package (StatSoft, USA). Median, mean with standard devi-
ation (M ± S), 25–75% percentiles, and maximum–minimum
values were calculated. On the box-and-whisker graphics, “out-
liers” were defined as remote from the distribution center
and non-typical values (probably due to an observational or
other biases) and calculated as follows: higher than [upper box
limit + coefficient × (upper box limit − lower box limit)] or lower
than [lower box limit − coefficient × (upper box limit – lower box
limit)] with the coefficient × 1.0. For “extremes,” see the calculation
above with the coefficient × 3.0.

The statistical significance was  assessed using the
Mann–Whitney test, the t test for independent samples, and
the Chi-squared test. The correlation analysis was also performed
(R-Spearman and gamma  coefficients were calculated).

3. Results

The fertile men  of the control group (n=107) included the sub-

jects with the ASA: MAR-IgG>10% - 14 (13.1%; MAR-IgG ≥ 50% – 2
(1.9%); and MAR-IgG = 100% – 1 (1.0%). The distribution of the MAR
test values in this group differed markedly from the normal dis-
tribution: median = 0% (mean = 5.4 ± 13.8); 50% of values (25–75%
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Table  1A
Acrosome reaction rates in fertile and ASA-positive infertile men  with normozoospermia.

Parameter Total number of patients, n Spontaneous AR, M ± S Induced AR, M ± S AR after ionophore challenge (ARIC)a, M ± S

Fertile men  47 14 ± 11% 41 ± 13% 27 ± 16%
Infertile menb 67 18 ± 14% 33 ± 17% 16 ± 14%
Odds ratio – 1.3 0.8 0.6
Student’s t test – ND p < 0.01 p < 0.001

Note: Reaction (so-called “the acrosome reaction after ionophore challenge (ARIC) test”).
a ARIC = the test%AR minus the control%AR.
b ASA-positive patients with MAR-IgG ≥ 50% and normozoospermia; ND—no difference.
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Fig. 2. The correlation between the duration of involuntary infertility with normo-
ig. 1. The results of the direct method of identification of ASA-IgG on the sperma-
ozoa surface in fertile and infertile men  with normozoospermia.

ercentiles) were in the 0–3% diapason, 95% percentile was  equal
o 32%. Additionally, the box-and-whisker plot shows that the out-
iers (the values far from the median and not typical for this study
et) were MAR-IgG > 12% (Fig. 1).

In the men  from the infertile couples (n = 2556), 41.5% were
ormozoospermic (n = 1060). They had ASA-IgG significantly more
ften than the fertile men: MAR  ≥ 50% in 15.6% (166 of 1060) of
ases (р = 0.0001), mean ASA count was higher (Fig. 1): М = 16.6%
ith the non-outlier range = (0–60) compared with М = 5.4% with

he non-outlier range = (0–12) in fertile men  (р = 0.0006).
The correlation analysis (Fig. 2) confirmed the direct correla-

ion between the motile sperm cells coated with ASA and the
uration of involuntary infertility in normozoospermic patients
R = 0.3; p < 0.00001). The regression line crosses the ordinate scale
t MAR-IgG = 24% in “involuntary infertility = 0.T̈hus, IgG-ASA on
otile spermatozoa is the cause of a decrease in reproductive func-

ion even in men  with normal standard spermogram parameters.
he relative infertility risk for MAR  ≥ 50% is 8.38, which increases
tarting from MAR-IgG > 25% (Fig. 2).

We  evaluated the functional state of spermatozoa to clarify the
echanisms of fertility decrease in ASA-positive men  with normo-
oospermia.
The AR evaluation showed that ASA presence was  associated

ith a higher number of spermatozoa, which spontaneously, i.e.,
zoospermia and MAR-IgG levels.
Note: the fertile men are included (involuntary infertility = 0).

prematurely, lost the acrosome (Table 1A), and a lower number of
spermatozoa releasing acrosome in ionophore A23187 challenge
(p < 0.01). The percentage of patients with a normal AR in the ASA-
positive patients (Table 1B) is 2.1 times lower in comparison with
the fertile men  (77 and 36%; р < 0.02), resulting first of all from the
decrease in inductiveness (4.5 times; р < 0.02). Thus, in the presence
of ASA, AR takes place before the spermatozoa enter the female
reproductive tract and/or there is no reaction to the inducer that
may  decrease the probability of egg fertilization.

Another sign of premature capacitation is the changes in the
spermatozoa motility. The computer-assisted characterization of
motility (Fig. 3) showed a positive correlation between MAR-IgG
and VCL (R = 0.47; p < 0.001), VSL (R = 0.46; p < 0.001), and ALH
(R = 0.43; p < 0.001).

We found that ASA were associated with an increased pro-
portion of gametes with chromosome structure defects (Table 2).
The percentage of sperm cells with DNA fragmentation in the
ASA-positive men  was  1.3 times higher than in the infertile ASA-
negative men  (p < 0.05), and 1.6 times higher than in the fertile
men  (p < 0.001). There are differences in halo size that character-
ize the degree of DNA fragmentation (p < 0.05). The proportion of
cases in which the percentage of sperm cells with DNA fragmenta-
tion exceeds the reference value (>20%) was  50% in the ASA-positive
group, which is 1.4 times higher than in the infertile ASA-negative
men  and 2.3 times higher than in the fertile men (p < 0.05). These
changes in the chromatin structure associated with ASA may  be the
factor that affects the processes of reproduction, both during and
after egg fertilization.

To specify a potential pathogenic factor of spermatozoa dam-

age, we evaluated the significant increase in ROS generation in
the ASA-positive group. The washed spermatozoa of the fer-
tile men  (Fig. 4A) were characterized by low levels of ROS
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Table 1B
Status of AR patterns in fertile and ASA-positive infertile men  with normozoospermia.

Parameter Total number of patients, n
(%)

Normal AR, n (%) Excessive spontaneous AR,
n (%)

Failure of induced AR, n (%) Excessive spontaneous and
failed induced AR, n (%)

Fertile men 47  (100%) 36 (77%) 2 (4%) 3 (6%) 6 (13%)
Infertile mena 67 (100%) 24 (36%) 8 (12%) 18 (27%) 17 (25%)
Odds ratio – 0.5 3.0 4.5 1.9
Chi-squared test – p < 0.02 ND p < 0.02 ND

Note: normal acrosome reaction: spontaneous reaction in less than 20% of sperm cells, induced reaction in not less than 15% of sperm cells (Tesarik, 1996). The cases of AR
deviation from the reference value in the fertile men  are accounted for by the fact that flow cytometry was  used while the reference values were developed for fluorescence
optics.

a ASA-positive patients with MAR-IgG ≥ 50% and normozoospermia; ND—no difference.

Fig. 3. The correlation between the percentage of ASA-positive sperm cells (MAR-IgG) and (A) their curvilinear (track) velocity (VCL), (B) amplitude of lateral head displacement
(ALH).
Note:  R—Spearman rank correlation coefficient; MAR-IgG values from 0 to 100% are included in the figure (n = 75).

Table 2
Sperm DNA fragmentation in fertile men, ASA-negative and ASA-positive patients from infertile couples.

Parameters Fertile men
(n = 23)

Subfertile patients (n = 245) p

ASA-negative patients
(MAR-IgG = 0%)
(n = 211)

ASA-positive patients
(MAR-IgG ≥ 50%)
(n = 34)

Group numbers Student’s t test Chi-squared
test

1  2 3

Percentage of sperm cell
with DNA
fragmentationa, M ± S

14 ± 8.8% 18 ± 13.7% 22 ± 18.2% 1–2
1–3
2–3

0.017
0.0006
0.013

The  number of cases where
the percentage of sperm
cell with DNA
fragmentation exceeds
the reference value
(≥20%), n (%)

5/23
(22%)

79/211
(37%)

17/34
(50%)

1–2
1–3
2–3

ND
0.032
ND

Halo size, M ± S 1.5 ± 0.34 1.6 ± 0.45 1.7 ± 0.55 1–2
1–3
2–3

ND
0.016
ND

The  number of cases where
the halo size exceeds the
reference value (≥2), n
(%)

2/23
(9%)

42/211
(20%)

8/34
(24%)

1–2
1–3
2–3

ND
ND
ND

N

g
o
g
g
p
R

ote: ND—no difference.
a Spermatozoa with small or without halo and degraded.

eneration (0.27 ± 0.19 × 106 CPM; median—0.23 × 106 CPM; non-
utlier range = 0.01–0.51). The ROS generation in the infertile

roup with MAR-IgG≥50% was 3.7-fold higher than in the fertile
roup (0.91 ± 0.66, median—0.84; non-outlier range = 0.03–2.10;

 < 0.0001). We  found a direct correlation between MAR-IgG and
OS generation in a washed semen sample (R = 0.48; p < 0.0001).
The correlation between MAR-IgG and ROS production in the native
sperm is significantly weaker (R = 0.18; р = 0.0008); the differences

between mean values for the fertile and infertile MAR-IgG ≥ 50%
groups are nonsignificant (Fig. 4B; p > 0.05). These differences
reflect the ROS sources: spermatozoa in the washed sperm samples,
and predominantly leukocytes in the native sperm; ROS produc-
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ig. 4. Detecting spontaneous generation of reactive oxygen species by chemilum
emen in the fertile men with normozoospermia (n = 45) and the patients from the 

ote:  CPM—counted as photons per minute; the outliers are excluded; Mann–Whit

ion in the latter case is directly proportionate to sperm leukocytes
R = 0.31; p < 0.0001).

. Discussion

The correlation between ASA and infertility is not considered
rom the point of view of evidence-based medicine (Mazumdar
nd Levine, 1998; Francavilla and Barbonetti, 2009; Leushuis et al.,
009; Vazquez-Levin et al., 2014; Cui et al., 2015; Jungwirth et al.,
015; and others). Our interest in this problem was predominantly
timulated by the results of our studies demonstrating higher
OS production in a washed semen sample in ASA-positive men
Korotkova et al., 2001; Bozhedomov et al., 2009, 2014). The role of
xidative stress (OS) in male infertility has been actively discussed
ecently, as it is associated with a higher risk of spermatozoa DNA
ragmentation and consequent spontaneous abortions and congen-
tal abnormalities in children (Zini and Agarwal, 2011; Lampio et al.,
012; Aitken et al., 2014).

Our study provided evidence to support the point that the
utoimmune antisperm reactions are a considerable factor in fer-
ility impairment.

We  found ASA in 13% of the fertile men  with normozoospermia,
ith 2% who had MAR-IgG ≥ 50% and 1% who had all motile sper-
atozoa coated with ASA. It suggests that a significant amount of

SA do not always impair fertility, as highlighted by Leushuis et al.
2009), Krause (2009), and others. Fertility impairment probably
epends not only on the proportion of ASA-positive spermatozoa,
ut also on the ASA localization to the cells (head, neck or tail), their
umber on the gametes, IgG subtypes, the functional characteris-
ics of ASA-bound antigens, the affinity of this binding, and other
actors that were not assessed in this study. At the same time, we
ound that the upper MAR-IgG 95% percentile is 32%. The regression

ine (Fig. 2) crosses the ordinate scale in MAR-IgG = 24% in “invol-
ntary infertility = 0.Äll cases of MAR-IgG > 12% are outliers for the

ertile men  and are therefore not typical of the general popula-
ion (Fig. 1). These data give rise to the following question: are
nce assay: (A) washed spermatozoa suspension and (B) total ROS activity in neat
ile couples with MAR-IgG ≥ 50% and normozoospermia (n = 41).

 test was  used for the analysis and p < 0.05 was considered statistically significant.

the current WHO  guidelines (2000) too tolerant to the presence
of increased ASA levels?

The ASA role as an independent predictor of infertility impair-
ment was supported by the findings of the examination of the men
from infertile couples. The men  with normozoospermia in infer-
tile couples have highly positive ASA (MAR-IgG ≥ 50%) 8.4 times
more frequently than the fertile men. The mean and median values
were substantially higher (Fig. 1). Even in the normozoospermic
patients, the duration of involuntary infertility was directly in
proportion to the MAR-IgG value (Fig. 2). This affects sperm param-
eters other than concentration, motility, and morphology, which
are evaluated at the light-optic level. These data agree with the
recent meta-analysis that showed that ASA-positive patients did
not demonstrate changes in most standard spermogram parame-
ters, including progressive motility and percentage of normal forms
(Cui et al., 2015).

In normozoospermia, the decrease in fertility may  result from
the disorders in the female reproductive tract: during movement
through the cervical mucosa, in capacitation and interaction with
the egg (Mazumdar and Levine, 1998; Bronson, 1999; Munuce et al.,
2000; Vazquez-Levin et al., 2014 and others). Our finding demon-
strated that significant changes in the ASA-positive spermatozoa
quality took place in the male reproductive tract. We  found the
association between ASA and such functional disorders as prema-
ture capacitation and AR, and DNA fragmentation.

The signs of premature capacitation are the increase in track
speed and lateral fluctuation of the sperm cell head (Suarez, 2008)
that were found in our (Fig. 3) and other studies (Munuce et al.,
2000). Premature AR is indicated by the increase in the number of
spermatozoa with AR (Table 1). It is described elsewhere (Bohring
et al., 2001; Myogo et al., 2001; Peknicova et al., 2005). Our find-
ings suggest that AR inductivity disorder might be more significant:
the percentage of spermatozoa reacting on ionophore is 4.5 times

lower in the ASA-positive group. Paradoxically, ionophore A23187
had a significant inhibitory effect on the spontaneous AR in 10%
of autoimmune patients. These changes, both individually and in
combination, result in 2.1 lower percentage of spermatozoa with
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ormal AR in the ASA-positive patients (Table 1). However, there
s no direct relationship between ASA-positive spermatozoa and a
pecific AR disorder (premature AR or inhibition of induced AR);
he МAR-IgG test allows prediction of its probability rather than of
ts type.

The percentage of sperm cells with DNA fragmentation in the
SA-positive men  with normozoospermia in infertile couples was
ignificantly higher (1.3 times) than in the infertile ASA-negative
en, and in fertile men  (1.6 times). There are significant differences

n halo size that characterize the degree of DNA fragmentation
Table 2). This can help to explain some well-known facts, in
articular, elevated DNA fragmentation and poor IVF ICSI results

n men  with normozoospermia when ASA levels were not con-
idered (Avendaño and Oehninger, 2011). On the other hand,
any researchers demonstrated that ASA-positive patients had

ower quality embryos in the assisted reproduction programs
Mandelbaum et al., 1987; Clarke, 1988; De Almeida et al., 1989;
ajah et al., 1993; Acosta et al., 1994; Vazquez-Levin et al., 1997;
alamera et al., 2002).

At the same time, some studies showed that the incubation of
SA-negative spermatozoa in the ASA-positive environment did
ot result in the DNA integrity of the sperm (Evans et al., 1999)
r in a decrease in the embryo quality (Calamera et al., 2002). Zini
t al. (2010), however, did not find a difference in DNA fragmenta-
ion between the ASA-positive and ASA-negative groups that can
e easily explained. In our study, the baseline spermogram parame-
ers were similar in the control and the study groups; moreover, our
ubjects were normospermic, whereas in the study by Zini et al. the
roups were heterogeneous. Mean ASA-positive and ASA-negative
alues differed 3.2 times in concentration and 1.7 times in motility;
he standard error in the percentage of spermatozoa with DNA frag-

entation exceeded the mean value (Zini et al., 2010). Moreover, a
ifferent method of DNA damage detection was used—we used the
CD test, which is more sensitive than SCSA—and the ASA-positive
roup included the patients with MAR% ≥ 40% (in our study, not
ess than 50%). However, we fully agree with Zini et al. (2010) that
SA cannot cause DNA fragmentation. We  believe that the associa-

ion between ASA and DNA fragmentation found in our study rather
llustrates the binding of ASA to already damaged spermatozoa with
NA fragmentation. This means that exogenic ASA cannot damage
ametes at a genome level. However, endogenic ASA can interfere
ith already damaged nucleoproteins, whose structural changes

ause on the one hand immune tolerance and on the other, decrease
he quality of a spermatozoa and consequently of an embryo.

There are many indirect forms of proof of the relationship
etween the spermatozoa apoptosis and ASA. Activation of the
roapoptotic factors (caspase-8, -9, Bax) in testicles during autoim-
une orchitis has been described (Theas et al., 2006). Other signs

f apoptosis are heat-shock proteins and caspases, whose presence
as indicated by the corresponding antibodies in the ASA-positive

nfertile men  (Krause, 2009; Naz, 2011; Vazquez-Levin et al., 2014).
nother sign of the initiated apoptosis is the intercellular OS caused
y the mitochondrial “oxidative burst” (El-Fakahany and Sakkas,
011; Vaithinathan et al., 2012; Aitken et al., 2014), whereby the
S is probably considered to be both a cause (exogenous ROS) and
n effect of the apoptosis (intercellular ROS generation).

We believe that the pathogenetic role of the increased ROS
roduction in the pathogenesis of the immune infertility is quite
onvincing. We  found that in MAR-IgG ≥ 50% spermatozoa gen-
rate almost four times higher than the normal amount of ROS,
hich suggests intracellular OS (Fig. 4). The correlation between
AR-IgG and ROS generation in a washed semen sample is highly
ignificant (R = 0.5). While the correlation between MAR-IgG and
OS generation in native sperm is 2.7 times lower, the mean value
ifference is nonsignificant (Fig. 4). Notably, OS can lead to capaci-
ation, AR, and DNA fragmentation disorders in ASA-positive men.
tive Immunology 112 (2015) 95–101

In fact, a low ROS rate is necessary for a normal AR, but the AR dis-
order may  result from higher ROS levels (Morielli and O’Flaherty,
2015). Apparently, ROS may  cause a higher DNA fragmentation in
ASA-positive spermatozoa (Table 2). The accepted point of view
indicates that OS might cause chromatin damage to the sperma-
tozoa (Zini and Agarwal, 2011; Lampio et al., 2012; Aitken et al.,
2014). At the same time, there is no correlation between MAR-IgG
test data and DNA fragmentation. This means that the changes in
the spermatozoa depend not only on the amount of ROS gener-
ated in the sperm, but on additional factors associated with both
spermatozoa and the cellular and biochemical composition of the
sperm, i.e., activity of oxidative system enzymes, heat shock pro-
teins, topoisomerases which repair DNA breaks, and other factors.

A search for additional factors that affect fertility in the anti-
sperm immune response should be the matter for future research.

5. Conclusion

Men  who  have more than a half or even all motile spermato-
zoa coated with IgG-ASA can be fertile, but MAR-IgG > 12% values
for fertile men  are outliers. The major factor of decreased fertil-
ity in the ASA-positive patients is a functional deficit of sperm.
In normozoospermia, immune infertility is found in 16% of cases.
The increase in the percentage of IgG-ASA-positive spermatozoa
is more frequently accompanied by spontaneous and/or induced
AR disorders, hyperactivation, and spermatozoa chromatin dam-
age. The pathogenesis of sperm pathology in immune infertility is
associated with the OS of the spermatozoa. Additional research is
necessary to clarify the pathogenesis of immune infertility in men.
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