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ABSTRACT

Spermatozoa are recognized as foreign cells by both male and
female immune systems, leading to the production of antisperm
antibodies (ASAs) when sperm are exposed to immune system due
to a breach in the mucosal barrier. ASAs can be found in both sexes,
though concentrations vary by individual and sex. This review
examines ASAs production, their specific binding locations on
sperm, and how ASAs may impair key sperm functions, including
motility, viability, acrosome reaction, and capacitation. While
ASAs are known to potentially interfere with sperm quality and
sperm binding to zona pellucida in both humans and livestock,
their impact on fertility remains debated, as ASAs are also detected
in a significant number of fertile individuals. Furthermore, the
practical relevance of ASAs screening in fertility assessment lacks
consensus, with some findings suggesting that ASAs might even aid
fertilization under certain conditions. By compiling the information
on ASAs and their effects on semen quality and fertility, this review
aims to provide a comprehensive understanding of the role of ASAs

in infertility.
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1. Introduction

Breeding soundness evaluation, currently used for bull selection,
aims to assess the likelihood of mating ability, semen production
and to some extent sperm quality but not the actual fertility
of bulls. Subfertility or infertility in breeding bulls can have
profound negative consequences in the dairy industry because
semen from one bull is used to artificially bred several thousand
cows. In our earlier study, we found that both semen quality
and semen production ability showed a decreasing trend over a
period of time in breeding bulls[1]. Sub-fertile/infertile bulls delay
conception, prolong the calving season, reduce calf weaning
weights, and increase the numbers of females culled, thereby

resulting in economic losses[2]. Multiple etiologies are ascribed

to male infertility/sub-fertility including deviations in testicular
cytological composition[3-5], single nucleotide polymorphismsé],
transcriptomic profile[7.8] and protein profile[9.10]. Similarly, several
studies have reported altered functional attributes[11,12], transcript
profile[13,14], protein profiles[15-17] and metabolomic profile[18-20]
of spermatozoa as a reason for infertility/sub-fertility in breeding
bulls. In a recent review, the importance of sperm DNA integrity
and sperm molecular health on bull fertility has been discussed
in detail[21]. In spite of all these advancements, prediction of bull
fertility still remains as a challenge. A considerable proportion
of breeding bulls selected after a rigorous breeding soundness
evaluation yield poor conception rate[22]; the etiology for such sub-
fertile conditions is not yet understood.

The possible causes of sub-fertility or infertility in bulls are
poorly defined, but one important cause may be immunological
conditions[23]. Immunological causes of infertility have been studied
in detail in human beings[24-28]; however, such studies are limited in
livestock(29,30]. Sperm of humans, non-human primates, and other
mammalian subjects is considered to be allogeneic antigens by the
female body[31]. Therefore, any disruption of the mucosal layer of
the female reproductive tract allows exposure of sperm antigens
to mucosal immune system leading to production of antisperm
antibodies (ASAs). However, ASAs were believed to be present
in both males and females in considerable amounts but higher
concentrations of ASAs were observed among infertile patients[32].
On the other hand, ASAs are also present in fertile male and

females for unknown reasons, or the function is still not explored

#Contributed equally to this manuscript.

“'To whom correspondance may be addressed. E-mail: ogkumaresan@gmail.com;
A Kumaresan@icar.gov.in

This is an open access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix,

tweak and build upon the work non-commercially, as long as the author is credited
and the new creations are licensed under the identical terms.

For reprints contact: reprints @medknow.com

©2024 Asian Pacific Journal of Reproduction Produced by Wolters Kluwer- Medknow.
How to cite this article: Kuntareddi C, Elango K, Nag P, Kumaresan A. Impact of
antisperm antibodies on sperm functions and fertility in livestock: A narrative review.
Asian Pac J Reprod 2024; 13(6): 251-260.

Article history: Received: 7 October 2024; Revision: 29 October 2024; Accepted: 11
November 2024; Available online: 10 December 2024



252

properly[33]. Although the prevalence and impact of ASAs on fertility
was fairly studied in females, such studies on males are very few.
Earlier studies reported that the incidence of ASAs in bulls ranged
from 7.8% to 58.1% with a clear difference in the concentrations
between satisfactory and non-satisfactory breeders[34-36].

Although spermatid and spermatozoa are protected from the
immune system within the seminiferous tubule by Sertoli cell
tight junctions of blood-testis barrier, naturally occurring ASAs
have been recognized in many species including human[37.38],
bulls[29], stallion[39] and dogs[40]. Contradictory reports exist on
the effect of ASAs on male fertility; several reports suggest that
ASAs affect the bull fertility by reducing the number of motile and
competent spermatozoa in an insemination dose. Also, ASAs have
been shown to interfere with sperm capacitation and sperm oocyte
interactions; on the other hand, few studies suggested no effect of
ASAs on sperm parameters and that ASAs presence seems to be
innocuous for fertility[25]. The presence of higher levels of ASAs
in semen is reported to lower the chance of the sperm fertilizing an
eggl41]. Recently, it was reported that the proportion of spermatozoa
responding to ASAs was higher in low-fertile compared to high-
fertile breeding bulls[42]. In addition to the economic loss, sub-
fertile/infertile bulls may have adverse effects on animal welfare due
to failure of conception and delayed calving. Therefore, a thorough
understanding on the effect of ASAs on sperm function is required
to appreciate the influence of ASAs on male fertility. Accordingly,
in this review, the earlier findings on ASAs in relation to semen
quality and male fertility are compiled and analyzed. Furthermore,
the causes and consequences of ASAs are described, together with
a review of advances in methods for detection of ASAs, and the

prognostic value of ASAs on male fertility.

2. Immunological infertility

Fertility is one of the key factors for the lifetime production
and reproduction of an animal; when normal functions of
the reproductive system are impaired, it results in infertility.
Infertility/subfertility in cow and bulls has significant negative
consequences on the economics of dairying[43]. In female,
infertility may be due to number of factors, like aberration of
ovulation, obstruction of fallopian tubes, presence of pathological
lesions in reproductive tract and poor quality of cervical
mucus[44]. However, unexplained infertility, characterized by a
lack of obvious symptoms, presents a significant challenge for
veterinarians[45-47]. In both sexes, one of the causes of infertility
is an immunological factor{36.48.49] associated with the presence of
antibodies against spermatozoa as a result of autoimmunization in
males and iso-immunization in females[50,51]. The immunological
infertility due to the perturbed homeostatic machinery of immune
system was earlier considered as an unexplained infertility[52].
This has been reported as a cause of infertility in several

species including humans|53,54], cattle[47,51,55] and swine[56].
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Table 1. Incidence of immunological infertility.

SI. No. Species Incidence of ASAs References

1 Cows Serum (34.5%) [65]
Cervical mucus (37.9%)

2 Cows Serum (39.5%) [67]

3 Cows Serum (17.6%) [68]

4 Cows Serum (25.5%) [46]

5 Mice Serum (62.5%) [69]

6 Zebu cattle Serum (11.8%) [47]

7 Cows Serum (100.0%) [55]

8 Cows Serum (69.6%) [62]
Cervical mucus (45.0%)

9 Cows Serum (61.0%) [70]

Mucosal immunity in the female genital tract is influenced by
the level of antibodies, cytokines and hormones; neutrophils and
macrophages are first line of innate immune response recruited by
cytokines to the site of inflammation|57]. Antibodies can develop against
various antigens related to reproductive functions in males and females
but ASAs present in seminal plasma, cervical mucus, uterine fluid,
follicular fluid or sera[58] has been reported to delay conception by
impairing fertilization leading to infertility[59-62]. During the early
phase of the primary immune response after exposure to an antigenic
agent, IgM antibodies are produced. When the immune system
is exposed to the same antigen again, the antibodies switch into
secondary immune response; therefore, IgG and IgA are produced
in response to the secondary immune response or after repeated
exposure to the same antigen[63]. Among the five immunoglobulins
(IgM, IgG, IgA, IgD, and IgE) and three immunoglobulin (Ig)
isotopes namely IgM, IgG and IgA are involved in immunologically
mediated infertility. They are present in the blood serum as IgG and
in genital tract secretion as IgA in both male and female bovine[51].
There are reports relating the presence of ASAs with infertility
in several species, including human|45,64], cattle[46,47,49.51,55,62,65],
swine{56] and in other farm animals[66]. The reported incidence of ASAs
in serum and cervical mucus|46,47,55.62,65.67-70] are given in Table 1.
Ulcova and Gallova suggested that ASAs present in cervical mucus
is agglutinating in nature[71]. These locally produced anti-sperm
antibodies do not differ from ASAs that are produced systematically;
thus, they affect sperm capacitation, acrosome reaction, motility
of spermatozoa and interfere with binding and penetration of
zona pellucida by spermatozoa as well as embryo implantation
in uterus[72]. The effect of ASAs on fertility is substantiated by
the findings of several reports indicating higher concentrations of
ASAs in blood and cervical mucus of infertile cows as compared to
normal cows. Presence of ASAs in blood serum of dairy cattle was
studied and found that about 60% of blood serum in repeat breeding
cows were positive for ASAs against only 14% positivity in regular
breeders|73]. Similarly, Vikrant e; al also found higher titer and
higher prevalence of ASAs in infertile cows as compared to normal

cows[62].
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3. Production of ASAs

ASAs are antibodies or immune reactive proteins that are
produced against spermatozoa by lymphoid tissue or competent
cells of immune system. Spermatozoa are foreign cells because
they are not produced until the time of puberty. Spermatozoa-
specific surface antigens first appear on pachytene stage of primary
spermatocytes[74], but their progenitors, during spermatogenesis,
are separated from coming into contact with the immune system
by a blood-testis barrier and Sertoli cell junctions[75]. Blood-testis
barrier plays an important role in maintaining immune privileged
status of testis and removal of antigenic cells by phagocytosis.
Sertoli cells release immunosuppressive factors and contribute to
an immunologically protective status to the testis[76]. Disruption or
breach in the blood-testis barrier induced by infectious, inflammatory
or degenerative changes leads to exposure of sperm antigens to the
immune system (Figure 1), activation of which leads to production
of ASAs|76,77]. Epididymal abnormalities were also linked with
the production of ASAs as assessed by mixed antiglobulin reaction
(MAR) test[78]. Scrotal insulation also reportedly causes increase
and long-term persistence of ASAs in bulls[79]. The effect of ASAs
on fertility depends on their regional specificity, location, antibody
class, isotype and antigen specificity[80.81]. The high percentage of
ASAs bound spermatozoa, which are detected in ASAs-positive
bulls[29.49], could significantly reduce the number of motile and
competent spermatozoa in an insemination dose, thereby affecting
the fertilization, conception rate and fertility of the bull.

Immunological incompatibility was observed between spermatozoa
and oocyte due to ASAs in both male and female animals[51].
Spermatozoa are foreign to the female reproductive tract. For

development of ASAs, spermatozoa have to come in contact with
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blood; therefore, inflammation of genital organs, such as vaginitis,
cervicitis and metritis or trauma and bleeding while mating or
artificial insemination plays important role in development of
ASAS[82.68]. Any mechanical or chemical disruption of the mucosal
layer of the female reproductive tract allows exposure of these sperm
antigens to mucosal immune system leading to ASAs formation
by activation of mucosal immune system of the genital tract[83].
The regulation of local immunological mechanism is dependent
on vaginal and cervical tissues with active and sensitive mucosal
immune system. This explains the high percentage of infertile
patient’s association with local immune reactions leading to an
inflammation as well as high levels of serum ASAs[84]. Serum ASAs
are related to long-term exposure of female to spermatozoal antigens
and seminal deficiency in immuno-suppressive factors[83.85]. Even
the parenteral administration/immunization of whole sperm was
also reported to induce ASAs production in genital secretion and
serum|86]. Furthermore, the presence of ASAs is also influenced by
number of factors like age, number of services, pregnancy status,
lactation number, genital infections and immune status as well as
hormonal status(87].

The immune response to spermatozoal antigens in natural
mating usually does not occur due to the low immunogenicity
of sperm and seminal plasma constituents[88]. Also, all body
fluids which are important for sperm function and fertilization
(seminal plasma, cervical mucus, follicular and uterine fluid)
exert immunosuppressive effects to escape from mucosal immune
system(89]. In artificial insemination, there are increased chances for
immunization of females to sperm antigens because seminal plasma
is diluted several times, thus reducing its strong immunosuppressive
effects[90] and also because of new antigens emanating from semen

extenders. It has been documented by sperm agglutination and
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Figure 1. Production of antisperm antibodies. Left side-Seminiferous tubule with intact blood testis barrier; Right side-Breach in the blood testis barrier and
the production of antisperm antibodies due to the exposure of sperm to the immune system.
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indirect immunofluorescence assay that antigenic activity of bull
spermatozoa differs due to the addition of different extenders,
cryopreservation and thawing procedures and reduction of seminal
plasma volume during semen preparation in artificial insemination
technology[61]. Insemination of the semen to infected and inflamed
genital tract triggers the immune response for ASAs production.
Infectious agents bind to sperm membrane and may serve as an
antigen or hapten, eliciting an immune response[83]. Subsequently
ASAs are formed from mucosal immune system of cervix and
endometrium, and consequently they enter the blood circulation and
transudate back into genital tract secretions. ASAs production rate

was higher in cows which were inseminated three or more times[91].

4. Target location of ASAs on sperm

Immunolocalization of antigens on the surface of spermatozoa helps
to locate prone areas for attack of immune system and subsequently
to know where exactly ASAs will bind (for instance acrosome,
acrosomal cap, apical part, post acrosomal region, midpiece
and tail piece of sperm) and alter the fertility of spermatozoa
(Table 2)[92-101]. Few studies reported multiple ASAs in infertile
subjects[102] but not all these ASAs cause infertility. Understanding
the ASAs formation and its mechanism of action or effects on
sperm functions could improve the treatment and managemental
interventions. Immunofluorescence detection of ASAs binding to
spermatozoa showed different localization patterns. A very strong
signal was observed on acrosome surface, post acrosome region
and principal piece of spermatozoal92] indicating the presence of
ASAs against acrosome surface, post acrosome and principal piece
surface proteins in the blood serum/cervical mucus of artificially
inseminated animals. Milovanovic et al also observed localization
of ASAs on the head, tail or neck of the sperm cell when blood
serum or cervical mucus of artificially inseminated Holstein Friesian
cows was incubated with spermatozoal103]. ASAs bind frequently
to spermatozoa head and cytoplasmic droplets than midpieces and
principal pieces as was confirmed by confocal microscopy48].
Immunolocalization of sperm antigens using ASAs by Kuntareddi et
al revealed three patterns of ASAs in sperm namely AR (acrosomal
pattern-bright green fluorescence over the entire acrosome area), AP
(apical pattern- bright green fluorescence only in apical region) and
AT (fluorescence over acrosome and tail). The AR and AT pattern
had a significant negative correlation with conception rate[42].

The binding pattern of ASAs to sperm depends upon the sperm
protein against which antibody was developed. Different sperm
molecules (heparin, heparin-binding proteins, and sulfated
glycosaminoglycan) play crucial role in fertilization. Heparin-binding
proteins induce capacitation and acrosome reaction in mammalian
sperm([104]. The FA-1 antigen is a glycoprotein that has a ligand
activity for oocyte’s zona pellucida glycoprotein (ZP3) receptor{94]
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Table 2. Location of antisperm antibodies on spermatozoa.

S1.No. Antigens

Location on spermatozoa References
on bull spermatozoa
1 HBP Posterior head region of  [92,93]
(heparin binding ram and bull sperm and
proteins) acrosome of stallion sperm.
Intense signal on acrosomal
cap.
Strong signal on post
acrosomal cap.
2 FA-1 Post acrosome, midpiece [92,94,95.96]
(fertilization antigen) and tail region of human
spermatozoa.
Post acrosomal, midpiece
and tail region.
Post acrosomal cap.
On acrosomal cap.
Post acrosomal region of
rhesus monkey sperm.
3 SP-10 Intra acrosomal protein. [97]
(seminal
plasma protein-10)
4 BS-17 (calpastatin) Over the acrosomal region  [98]
and to a low extent in tail.
5 TIMP-2 Posterior head of bull and  [92.93]
(tissue inhibitor ram sperm, but exclusively
of metalloproteinases found on acrosomal cap of
type-2) stallion sperm.
More concentrated
onacrosomal cap than
acrosome and post
acrosomal cap.
6 IZUMO 1 protein Integral membrane protein  [99,100]
7 ACTL7a (actin Acrosome and tail of [101]

like protein 7a)

mature spermatozoa.

and it also has effects on bovine in vitro fertilization[95]. The presence
and abundance of tissue inhibitor of metalloproteinases-2 (TIMP2)
in bovine semen and its ability to bind heparin[105] suggests that it
has an important relationship with reproduction and fertility of bulls.
The intra-acrosomal localization of bovine SP-10 antigen states
that antibodies against SP-10 exerted their anti-fertilization effect
by reducing sperm-zona secondary binding[97]. The sperm-specific
protein actin-like protein 7A (ACTL7a), located in the acrosome
and tail of mature spermatozoa, serves as a tyrosine phosphorylation
substrate in capacitated buffalo spermatozoa[106] and is also essential
for sperm capacitation in mice[107]. Antibodies against the ACTL7a
protein inhibit its function mentioned above and also block its
function during spermiogenesis[108]. It was reported that 56% of
immune infertile women sera reacted positively with [ZUMO 1, a
spermatozoa specific protein, while none of the fertile women sera

reacted with this protein[99].

5. Effects of ASAs on sperm functions

It has been reported that ASAs cause infertility by either affecting
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sperm functions or by preventing sperm-oocyte interaction[109] or
by limiting embryo development and implantation leading to early
embryonic mortality[33.38.41]. ASAs adversely affect sperm motility,
viability, capacitation, and acrosome reaction (Figure 2) which is

detailed below.

5.1. Effect of ASAs on sperm motility

ASAs targeting the head and principal piece of spermatozoa
significantly reduce the sperm's ability to penetrate cervical
mucus|110,111]. It was reported that the IgG and IgA isotypes of ASAs
in cervical mucus cause immobilization of spermatozoa by shaking
phenomenon (when spermatozoa come in to contact with cervical
mucus, the progressive propulsion of the spermatozoa changes to
a stationary state)[112]. It was suggested that ASAs reacting with
the sperm head or tail main piece, but not those reacting with the
tail tip, prevented cervical mucus penetration[113]. Immobilization
of spermatozoa caused clumping and limited the motility through
cervical mucus[61]. Sperm immobilizing antibodies were significantly
higher (P<0.05) in sera of repeat breeders compared to other groups
of cows and these antibodies adhere on the surface of spermatozoa
adversely affecting their movement|[70]. It was shown that higher
percentage of IgG and IgA ASAs in cervical mucus of crossbred
cows binds to the antigens on the spermatozoa surface and because
of antigen-antibody reaction there is head-to-head, head to tail or tail
to tail agglutination[61.62]. Recent study by Archana et al revealed
that percentage of sperm that can penetrate mucus, mitochondrial
membrane potential and the sperm kinematic parameters such as
straightness, linearity, curvilinear velocity, straight-line velocity, and
average path velocity were significantly higher in samples with lower
levels of ASAs[114]. The human papilloma virus (HPV) patients had
a higher level of ASAs than non-HPV group. The HPV and ASAs
affected infertility through impacting sperm count and motility[73].

5.2. Effect of ASAs on sperm viability

ASAs modify sperm plasma membrane permeability or fluidity,
leading to reduced viability. In humans, Rossato et al reported that
the mean percentage of membrane intact spermatozoa in ASAs

positive semen samples was (58.7+12.1)%, which was significantly
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lower than that observed in ASAs negative semen samples
(77.5£5.9)%I115]. The proportion of membrane intact spermatozoa
differed significantly between bulls with low ASAs titers (45.4%)
and high ASAs titers (39.6%)[29]. When blood serum of different
groups (the control group, calf group, heifer group and cow group)
was incubated with bull spermatozoa, it was observed that the
number of viable spermatozoa in the control group (85.78+1.01) and
calf group (68.60+1.88) was significantly more when compared to
the cow group (55.73+1.04)[116].

5.3. Effect of ASAs on sperm capacitation

Capacitation of spermatozoa is a crucial component of fertilizing
ability of spermatozoa which includes multiple physiological and
biochemical process and is essential to facilitate the acrosome
reaction. The effect of ASAs on the capacitation process, such as
calcium uptake or hyper activated motility after stimulation with
follicular fluid was also studied with conclusive results[117]. Sperm
bound ASAs significantly reduced the ability of bovine spermatozoa
to undergo changes in membrane fluidity under capacitating
conditions, therefore interfering in sperm oocyte interaction and
inhibiting penetration of spermatozoa into the zona-pellucida
leading to failure of fertilization[49]. The proportion of capacitated
or acrosome reacted spermatozoa was significantly higher in semen
of bulls with high ASAs titer in blood serum compared to bulls
with low ASAs titer[29]. Further, it was reported that ASAs from
infertile women reduced sperm capacitation by inhibiting tyrosine

phosphorylation of sperm proteins[118].

5.4. Effect of ASAs on sperm acrosome reaction

Acrosome reaction is calcium dependent event, during which the
plasma membrane of spermatozoa fuses with the outer acrosomal
membrane, allowing the release and exposure of the acrosomal
contents such as hyaluronidase and acrosin enzymes that are essential
to allow spermatozoa to penetrate the oocyte membranes[119]. ASAs
have been shown to enhance the rate of in vitro acrosome reaction
of bull spermatozoa and ASAs in the cow uterine fluid have been
shown to induce premature acrosome reaction[116]. Binding of ASAs

to spermatozoa membrane during incubation in tyrode's albumin

Gamete interaction

‘Acrosome \N

non reacted b,
(_/Q S Ovum

Acrosome
reacted

Acrosome reaction

Sty e

~—Aon capacitated

"
Interference in
fertilization

Figure 2. Impact of antisperm antibodies (ASAs) on spermatogenesis, sperm function and fertilization. Breach in blood testis barrier leads to production of
ASAs that impairs sperm motility, viability, capacitation, acrosome reaction and gamete interaction.
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lactate pyruvate (TALP) medium supplemented with serum showed
an enhanced acrosome reaction and generation of reactive oxygen
species. In an in vitro experiment, it was shown that antibodies that
are directed against the proteins in periacrosomal membrane reduced
the ability of spermatozoa to bind oviductal epithelial cells[120].
The proportion of acrosome-reacted sperm was significantly higher
in the antibody-exposed sperm than in the controls [(47.0+13.2)%
vs. (39.3x12.1)%](121]. Recently, Kuntareddi et al also reported the
negative correlation between the reactivity of sperm with ASAs and
the sperm membrane and acrosomal integrity[42]. On the other hand,
spermatozoa incubated with serum containing immobilizing ASAs
showed reduced rates of both spontaneous and induced acrosome
reactions compared to sperm that were not incubated with the
serum(122]. Further, it was found that 7 out of 12 ASAs-containing
sera inhibited the zona pellucida-induced acrosome reaction[123].
Sperm coated with IgG and IgA antibodies exhibited high levels
of spontaneous acrosome reaction[124]. Taken together, it may be
informed that ASAs have a variable effect on the acrosome reaction
and capacitation; while some ASAs can adversely alter the ability
of spermatozoa to undergo capacitation or acrosome reaction, other
ASAs do not.

6. Conclusions

Based on available literature, the ASAs production mechanism and
the impact of ASAs on sperm functions and fertilization process are
still poorly understood. The ASAs in semen were found not only in
infertile males but also in fertile males. Therefore, the exact cutoff
values of ASAs, above which it causes male infertility, need to be
established. Furthermore, studies need to be undertaken to assess the
prevalence and magnitude of infertility due to ASAs. This will help
us to decide the level of importance of ASAs assessment in routine

male fertility testing as well as in assisted reproductive technologies.
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