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Abstract Abstract 
BackgroundBackground: While male infertility has become a significant global health concern, conventional analysis 
of semen has not made progress in the detection of contraindicated molecular biomarkers, such as 
sperm-associated antigen 6 (SPAG6), which is a protein involved in axonemal structure and flagellar 
motility. 

Hypothesis:Hypothesis: Expression of SPAG6 correlates with sperm motility and structural integrity. This means that 
its dysregulation may serve as a molecular indicator of impaired sperm performance. 

Methods:Methods: A comprehensive review of recent studies was conducted with a focus on SPAG6’s molecular 
characteristics, expression patterns in normal versus abnormal spermatozoa, and the role it plays in 
motility-related disorders. To assess SPAG6’s diagnostic value, experimental data from 
immunohistochemical analyses, gene knockout models, and clinical semen samples were evaluated. 

Findings:Findings: SPAG6 is consistently expressed in the central apparatus of the sperm axoneme and 
dysregulation correlates to abnormal flagellar architecture, often resulting in impairment of motility and 
asthenozoospermia. This highlights its utility as a molecular marker for diagnosis of sperm dysfunction, 
and its potential to guide targeted therapeutic strategies. 

Conclusion:Conclusion: SPAG6 is a promising biomarker to evaluate sperm function. Its expression level offers 
greater mechanistic insights than can be achieved in conventional semen analysis. Further validation in 
clinical settings may establish its role in improving the precision of diagnosis to guide targeted treatment 
for male infertility. 
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REVIEW ARTICLE

Sperm-associated Antigen 6 (SPAG6) as a Potential 
Marker of Sperm Function in Diagnosing 
Male Infertility

Ibtisam A. Al-Ali*, Kawkab A. Alsaadi

College of Sciences, University of Kerbala, Kerbala, Iraq

Abstract

Background: While male infertility has become a significant global health concern, conventional analysis of semen has 
not made progress in the detection of contraindicated molecular biomarkers, such as sperm-associated antigen 6 
(SPAG6), which is a protein involved in axonemal structure and flagellar motility.

Hypothesis: Expression of SPAG6 correlates with sperm motility and structural integrity. This means that its dysre
gulation may serve as a molecular indicator of impaired sperm performance.

Methods: A comprehensive review of recent studies was conducted with a focus on SPAG6's molecular characteristics, 
expression patterns in normal versus abnormal spermatozoa, and the role it plays in motility-related disorders. To 
assess SPAG6's diagnostic value, experimental data from immunohistochemical analyses, gene knockout models, and 
clinical semen samples were evaluated.

Findings: SPAG6 is consistently expressed in the central apparatus of the sperm axoneme and dysregulation correlates 
to abnormal flagellar architecture, often resulting in impairment of motility and asthenozoospermia. This highlights its 
utility as a molecular marker for diagnosis of sperm dysfunction, and its potential to guide targeted therapeutic 
strategies.

Conclusion: SPAG6 is a promising biomarker to evaluate sperm function. Its expression level offers greater mecha
nistic insights than can be achieved in conventional semen analysis. Further validation in clinical settings may 
establish its role in improving the precision of diagnosis to guide targeted treatment for male infertility.

Keywords: SPAG6, Biomarker, Sperm motility, Male fertility

1. Introduction

F or the DNA-containing male gamete to effi
ciently travel to the fertilization point, being the 

ampulla of the fallopian tubes, adequate motility is 
required. Sperm motility is considered a require
ment for “natural conception” as transport of sperm 
to the oocyte is an essential preliminary step in the 
transfer of paternal genetic and epigenetic material 
to the maternal gamete. Even in cases where 
assisted reproductive techniques are used, such as 
in vitro fertilization, efficient sperm motility is 

important, as explained in the World Health Or
ganization (WHO) recommendations [1].

Sperm-associated antigen 6 (SPAG6) was 
discovered after recognizing a cDNA sequence in 
the expression library of the human testis, that is 
homologous to the sequence encoding the PF16 
protein expressed by Chlamydomonas reinhardtii 
[2], which is a green algae that uses two flagella for 
mobility. The PF16 protein is a dynamic portion of 
the central structure of the '9 + 2' axoneme. It is 
central to the structural integrity and mobility 
of the flagellum and is comparable to the 
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mammalian SPAG6 protein that serves the same 
purpose in the sperm tail axoneme [2,3] (Fig. 1). In 
their experiments on animal models, Sapiro and 
colleagues demonstrated that about half of the 
mice lacking the cDNA sequence encoding SPAG6 
died of hydrocephalus within eight weeks after 
birth. Out of the mice that survived, the females 
were still able to reproduce, but the male mice 
were infertile. The sperm from the surviving male 
mice displayed significant problems with motility 
and this was corroborated by the appearance of 
structural irregularities, consisting frequently of 
irregular flagellar structures and detachment of 
the sperm head. With further observation of 
flagellar irregularity, it was determined that the 
central pair of microtubules were absent, and the 
outer dense fibers and fibrous sheath were disor
ganized. Hence, as previously mentioned, it was 
concluded that the SPAG6 protein is essential to 
the motility of sperm through morphogenesis of 
ependymal cilia. Furthermore, the non-sperm tis
sues of SPAG6 knockout mice demonstrated 
inadequate cilia beating within the epithelial 
layers where SPAG6 is otherwise expressed in 
typical specimens [4].

In the flagellar apparatus of sperm or algae, the 
SPAG6/PF16 protein interacts with the C1 central 
microtubule of the axoneme because of protein—

protein associations occurring via a series of arma
dillo repeat domains, which stabilizes the central 
arrangement [4—6]. This provides solidity of the 
central apparatus, being crucial for the accurate and 
successful improvement of the sperm flagellum [4].

Despite the increasing interest in SPAG6, there is 
still no comprehensive synthesis of its biological 
roles, clinical relevance, and diagnostic potential 
available in the published literature. This review 
aims to fill this gap by critically evaluating the 
current literature on SPAG6 to highlight its func
tional implications and potential utility in charac
terizing male fertility at the level of an individual. 
Furthermore, this review aims to guide future 
research in reproductive medicine by emphasizing 
this promising area in diagnosis and evaluation.

1.1. Gene encoding SPAG6 and its expression in 
reproductive tissues

The gene that encodes SPAG6 is found on chro
mosome 10p12.3. This protein has several alternate 

Fig. 1. Illustrates the structural components of the sperm flagellum (axoneme, fibrous sheath, dense fibers) and highlights genes associated with 
flagellar defects. Adapted from Coutton et al., 2015 [7].
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names including CT141, repro-sa-1, RP11-301N24.4, 
or pf16. Although the current discussion relates to 
sperm motility, the protein has also been recog
nized as a cancer-testis antigen [2,8].

The human SPAG6 encoding gene has nine 
hitherto known splicing isoforms, which are desig
nated as SPAG6-201, SPAG6-202, SPAG6-203, 
SPAG6-204, SPAG6-205, SPAG6-206, SPAG6-207, 
SPAG6-208, and SPAG6-209. They are functionally 
and evolutionary distinct proteins expressed in the 
testis and sperm. It was observed that male infer
tility can occur when the antigen is treated as 
foreign by the immune system (autoimmunity). 
Hence, many of these isoforms have been the sub
ject of research that seeks potential treatments for 
infertility [9]. In contrast to human testes and 
sperm, only two isoforms are currently known for 
the murine SPAG6, encoded by similar genes. 
These include the first identified, being SPAG6- 
BC061194, and a related derivative identified later 
[10]. As previously mentioned, SPAG6 expression is 
not restricted to sperm and testes. It occurs in other 
tissues with cilia, including the lungs, nervous 
system, and inner ear [2,3,11].

Research is not also starting to convey that 
expression levels of SPAG6 above baseline may 
improve male fertility. For example, the notably 
elevated expression of SPAG6 in a line of pigs was 
associated with enhanced reproductive ability. 
Reproductive ability was measured not only by 
increased success in fertilization, but also by the 
larger litter sizes, which positively correlated to 
improved sperm motility after preservation [12].

Research on SPAG6 has also been applied to non- 
mammalian animals. For example, immunocyto
chemistry methods were used to determine the 
location of SPAG6 in chicken sperm. Then by using 
western blot analysis the relative amounts of 
SPAG6 in avian sperm samples from a rooster were 
determined. It was shown that sperm mobility was 
positively correlated, similar to mammals. When 
comparing between different tissues, SPAG6 was 
determined to be more abundant in epididymal 
tissues compared to testes, but its highest concen
tration was in vas deferens tissues. Furthermore, 
the levels of SPAG6 generally increased as sperm 
cells matured. In the sperm, the protein was 
concentrated at the central microtubule pair in the 
flagella, with lower amounts in the acrosomal re
gion [13].

Furthermore, although the ancient and evolved 
forms of the mouse sperm-associated antigen 6 
(MSA6) gene share sequence similarity, their bio
logical functions in the two forms are distinct. Re
searchers demonstrated through comparative 

genetic and functional analysis in mouse models 
that each variant influences different aspects of 
sperm physiology and fertilization. This divergence 
of functions suggests that following gene duplica
tion, the variants underwent either sub-functional
ization or neofunctionalization. Nevertheless, 
MSA6-A (ancient) and MSA6-E (evolved) are not 
functionally redundant in either form. Each plays a 
unique role in the reproductive processes, offering 
insights into the evolution of sperm-specific genes 
and specific mechanisms that regulate fertility [14].

Conversely, in a latter study the expression of 
SPAG6 was measured and compared between 
fertile and sub-fertile roosters, providing appar
ently contradictory data. Judged by having a fertil
izing efficiency below 40 %, the sub-fertile roosters 
had a 1.1-fold higher level of SPAG6 in their sperm 
compared to the fertile roosters (fertilization effi
ciency above 70 %) [15]. This unexpected result may 
be attributed to species-specific biological and 
technical factors. Alternative splicing in birds that 
produce structurally present but functionally inac
tive SPAG6 isoforms, lead to their accumulation 
without enhancing motility. Hence, this impaired 
protein turnover results in the persistence of non- 
functional SPAG6, conferring no benefit to fertility. 
In this regard, western blot analysis using whole- 
cell lysates may be used to determine where SPAG6 
is being expressed, particularly by focusing on non- 
functional regions like the cytoplasm, rather than 
its active site within the axoneme. As it stands, 
without precise localization techniques, such assays 
may overestimate the biologically relevant pool of 
SPAG6 by including SPAG6 that is expressed in 
redundant regions of the cell.

1.2. Molecular and structural role of SPAG6

The mRNA associated with SPAG6 expression is 
comprised of ten exons and sixteen domains. The 
encoded protein itself possesses eight consecutive 
WD repeats, to enact protein—protein interfacing, 
which is something that is essential for brain 
development [16]. Because SPAG6 is a microtubule- 
associated protein, it plays a critical role in the 
formation of the cellular cytoskeleton. This is most 
relevant to mammalian or algal cilia and flagella as 
it is also key to cellular polarization [17].

In male humans with immune-intermediated 
infertility, SPAG6 is targeted by a class of anti- 
sperm autoantibodies. According to Xu et al., men 
with mutations on SPAG6 leading to the expression 
of SPAG6 variants have less normal SPAG6 in their 
spermatozoa. This may indicate that SPAG6 vari
ants contribute to the development of multiple 
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morphological abnormalities of the sperm flagella 
phenotype, causing both syndromic severe asthe
nozoospermia and the non-syndromic asthenoter
atozoospermia [18]. SPAG6 expression is critical in 
maintaining the structural integrity and coordi
nated motility of motile cilia, making it relevant to 
fertility and cellular respiration, or any other cilia- 
related function. This protein plays a essential role 
in assembling the central pair of microtubules 
within the cilia's axoneme, so its absence or muta
tion negatively alters this structure, impairing 
sperm and respiratory ciliary movement. As a 
consequence, mutations in SPAG6 are associated 
with male infertility and conditions like primary 
ciliary dyskinesia [5].

This is corroborated by a recent study that iden
tified genetic changes affecting both copies of the 
SPAG6 gene, demonstrating a link to primary 
ciliary dyskinesia. This not only causes male infer
tility, but is associated with recurring respiratory 
infections [19]. Additionally, mice that completely 
lack the SPAG6 gene (SPAG6 knock out mice) 
exhibit significant health issues beyond infertility, 
such as neonatal mortality, and the development of 
hydrocephalus, as previously mentioned [2,4].

While spermatozoa are transcriptionally and 
translationally inactive, they undertake specialized 
metabolic processes that enable fertilization to 
carry through. Beyond the mechanical aspect of 
sperm mobility is the various signaling cascades 
occurring at the metabolomic level. A salient 
example is cAMP/protein kinase A and phosphoi
nositide 3-kinase signaling cascade, which is 
mediated via ionic processes using Ca2+ and 
HCO3− [20]. This phosphorylation process drives 
key processes such as capacitation, hyperactivation, 
and the regulation of flagellar beating. This re
inforces energy production and other structural 
dynamics necessary for effective sperm motility and 
eventual fertilization.

Both motile cilia and sperm flagella share the 
evolutionarily conserved cytoskeletal structure, 
which is the microtubule-based axoneme. This core 
component is made up of a central pair of micro
tubules and nine peripheral doublet microtubules. 
The collection of adjoining structural components 
includes radial spokes, dynein arms, and nexin 
links. The motion of flagella is driven by dynein 
molecular motors that cause sliding of outer- 
doublet microtubules. The molecular motor power 
is provided by protein phosphorylation at the radial 
spoke/central pair apparatus. This leads to the 
flagellar bending, which is the characteristic 
wiggling tail of a spermatozoa [21]. Hence, any al
terations to the genes that code for axonemal 

proteins will disrupt the organization of cilia and 
flagella. The disorganization is referred to as pri
mary ciliary dyskinesia, and is symptomatically 
known as male infertility [7].

SPAG6 functions with microtubules and orga
nizes the cytoskeletal section of cells by the process 
of tubulin acetylation [22]. It possibly performs this 
function in the acrosomal region, the cytoplasmic 
vesicles, and the microtubule-based manchette of 
spermatids, thereby preserving structural integrity 
and/or functions. The process is likely to involve 
post-translational modifications of microtubules, as 
well as the transferal of proteins from the cytoplasm 
to the acrosome.

Sperm motility is not the only fertility related 
effect of decreased levels of SPAG6, as it was 
observed to decrease overall sperm count in mice, 
which may be partly attributable to the dysfunction 
of the acrosome and/or manchette [23]. Likewise, 
the crucial mechanical characteristic of SPAG6, 
being the eight armadillo-type repeats, carries out 
structural or regulatory roles by cooperating with 
other central pair proteins [23,24]. Notably, SPAG6's 
interactions with the additional central pair protein 
components, SPAG16 and SPAG17, regulate the 
function of the axoneme [16,22]. In a genetic study 
of male infertility where it was linked to primary 
ciliary dyskinesia (PCD), mutations on the SPAG6 
and RSPH3 genes were found and shown to be 
correlated to sperm motility complications [19].

Furthermore, a recent study showed that SPAG6 
and its paralog SPAG6L jointly regulate spermio
genesis and male fertility in mice. SPAG6L defi
ciency causes infertility without changing the 
appearance of sperm, whereas SPAG6 knockout 
alone does not affect fertility. Mutations on both 
cause a compounding effect that leads to severe 
sperm defects. The effects include abnormal chro
matin, acrosome malformation, and abnormal 
flagellar structure. Both proteins interact with 
SPINK2 and influence AKAP4 and SPAG16L levels, 
thereby affecting the fibrous sheath and central 
apparatus. Interestingly, SPAG6 expression leads to 
inhibition of tubulin acetylation, whereas SPAG6L 
expression promotes it, indicating that the two are 
involving in modulation of processes related to 
microtubule formation. Hence, they work together 
to coordinate sperm development and fertility 
through reciprocating mechanisms [25].

1.3. SPAG6 as a possible diagnostic biomarker for 
evaluating sperm quality and motility

The current WHO-standard for semen analysis 
uses parameters such as the concentration of 
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sperm, its motility, morphology, and vitality [26]. 
While this is useful for identifying general fertility 
status, it is not yet specific enough to detect mo
lecular or ultrastructural defects in sperm flagella, 
which may be useful for directing interventional 
strategies. Hence, SPAG6 assessment takes the 
diagnosis to elevate clinical practice to the next 
level. While in the spermatid phase of spermatozoa 
biogenesis, the onward development of the highly 
structured flagellum (sperm tail) [27], is highly 
dependent on expression of SPAG6, as the struc
tural integrity of the flagellum is essential for the 
movement of sperm flagella [23]. Studies have 
conclusively demonstrated that SPAG6 can be used 
as a biomarker for evaluating both sperm quality 
and motility. Poor expression of the SPAG6 gene 
will inevitably reduce sperm motility and increase 
rates of programmed cell death. Ren et al. investi
gated the roles of the SPAG6 and PPP1CC genes in 
sperm quality of pigs, using shRNA technology 
driven by germ cell promoters. They revealed that 
inhibiting these genes reduced sperm motility and 
enhanced apoptosis rates [28].

SPAG6 knockout mice demonstrate disrupted 
ciliary structure and function of spermatozoa, and 
defects in the central microtubules of the "9 + 2" 
axoneme were observed. It also resulted in ciliary 
drift and impaired ciliary function in the trachea 
and bronchi of air passageways [4,29]. While this 
result has been consistent and relatively reliable in 
the study of mammals, the presence of SPAG6 
within the reproductive tract of roosters (avian 
sperm) was less predictive of fertility issues. SPAG6 
levels were higher in the epididymis and vas def
erens and increased with sperm maturation, how
ever sperm motility was not correlated to the 
measured levels [13].

Other proteins that are addition to SPAG6, such 
as SPAG16 and AKAP4, are also known to have 
critical roles in sperm motility and male infertility. 
They also contribute to the structural and regula
tory organization of the sperm flagellum. For 
instance, SPAG16 encodes components of the radial 
spoke complex, which is required for coordinating 
the rhythmic beating of the flagellum. This was 
confirmed by Zhang et al. (2006) who demonstrated 
that mutations on SPAG16 indeed reduced sperm 
motility and compromised fertility, even if the 
perceived structure of the flagellum appeared 
relatively unchanged [30].

Furthermore, AKAP4 (A-kinase anchor protein 4) 
is key to the structural formation of the fibrous 
sheath surrounding the sperm tail, by anchoring 
protein kinase A (PKA) and facilitating intracellular 
signaling pathways that regulate motility. Mice 

deficient in AKAP4 also displayed profoundly 
impaired sperm motility which led to infertility [31]. 
While both SPAG16 and AKAP4 are critical to 
sperm function, SPAG6 stands out because of its 
direct contribution to the structural integrity of the 
flagellum, particularly because it is within the cen
tral apparatus of the axoneme. The SPAG6 gene 
encodes for a protein that localizes to the central 
pair microtubules, which is an area critical for the 
mechanical coordination of flagellar movement. 
Hence, the more direct way of identifying the un
derlying structural defects, even when conventional 
semen parameters appear borderline or normal, is 
by assessing SPAG6 expression via transcriptomic 
profiling, immunostaining, or Western blot [18,23].

One of the challenges faced by incorporation of 
molecular analysis of SPAG6 into sperm motility 
diagnosis is optimizing the yield and sensitivity of 
molecular assays. Hence, the specific method 
should be standardized with various outcomes in 
mind, such as efficient extraction of nucleic acids or 
proteins, carefully designed primers targeting 
SPAG6-specific sequences, and well-calibrated 
thermal cycling parameters [32]. If proteomic ana
lyses is a more logistically viable option, it is 
necessary to develop high-affinity antibodies and 
finely tuned buffer compositions [23]. It is also 
important to build guidelines specific to the bio
logical source and timing of sample collection, 
because various factors can influence SPAG6 
expression levels, such as when testicular tissue is 
in active spermatogenesis [25]. Various aspects of 
the analysis, such as those mentioned, influence the 
guidelines on interpreting SPAG6 levels at the 
clinical level.

1.4. Potential advantages and disadvantages of utilizing 
SPAG6 as a biomarker

SPAG6 analysis is expected to be a better tool 
than traditional markers such as DNA fragmenta
tion index (DFI), acrosome integrity, and reactive 
oxygen species (ROS) levels (Table 1). While these 
markers are useful indicators of sperm health, they 
are not specific for motility-related dysfunctions 
and hence, do not go the extra step in character
izing the dynamic interplay between cytoskeletal 
components and flagellar propulsion. Because 
SPAG6 is directly involved in microtubule stabili
zation and axonemal coordination functions, it is a 
biomarker of function this is central to sperm 
motility and fertilization.

Due to its diagnostic value in assessing sperm 
flagellum motility and structural integrity, SPAG6 
may be used as a marker when evaluating male 
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infertility in mammals [4]. Second, SPAG6 expres
sion increases as sperm maturation takes place, 
where it is mainly localized in the flagellar 
axoneme. Hence, in addition to motility, SPAG6 
levels allow prediction of the stage of sperm 
development [13]. Furthermore, research shows 
that males with mutations in the SPAG6 and RSPH3 
genes is a marker for asthenoteratospermia, yet 
positive pregnancy results can be achieved with 
intracytoplasmic sperm injection [19].

However, the specificity of SPAG6 and possible 
variations of expression create barriers to its 
tangibility as a male fertility biomarker. Indeed, 
research has linked SPAG6 to infertility and defects 
in sperm motility, but its expression may change 
among people or circumstances, such as age, 
health, or other lifestyle factors, which could 
generate inconsistent results and reduce predict
ability. Furthermore, sperm mobility is affected by 
the amount of SPAG6. Knockout research has 
proven that SPAG6 is essential for appropriate 
sperm motility, yet mice with one competent copy 
of the SPAG6 gene had higher sperm mobility than 

those with two competent copies [23]. This dem
onstrates that sperm mobility is not efficiently 
predicted by SPAG6 abundance alone, and this may 
also explain the apparent contradictory results in 
the study of roosters. Finally, since sperm 
morphology and overall semen quality are critical 
in fertility, SPAG6 possibly will not offer a thorough 
estimation of male fertility. This means that it is not 
wise to depend only on SPAG6, but rather, to use it 
together with other biomarkers to discern male 
reproductive health. Instead, a compounding 
approach that combines metrics on SPAG6 with 
markers with others like SPAG16 may offer a more 
thorough diagnosis. Because both genes are crucial 
for sperm flagellar structure and motility, evalua
tion of their co-expression is likely to improve the 
accuracy of genetic screening. This will aid in the 
detection of infertility causes and enable the clini
cian to adopt more tailored treatment strategies. 
Nevertheless, clinicians still require more compre
hensive directives on how to use the data, which 
can only be determined by broader clinical valida
tion through large-scale multicenter studies.

Table 1. Cross examination between SPAG6 and proven Sperm Function markers.

Sperm function 
Biomarker

Function Limitations in Application Applications References

Acrosome Reaction 
(AR)

The acrosome reaction 
enables sperm to pene
trate the zona pellucida 
by releasing enzymes, an 
essential stage for fertil
ization to happen.

Acrosin is critical in the later 
steps of fertilization.

Acrosin main role is its vital, 
Versatile function in mammalian 
fertilization, operating as a pro
teolytic enzyme and binding 
protein enabling sperm to cross 
zona pellucida, an essential 
pathway for reproductive 
achievement.

[33,34]

Protamine 1 
(PRM1) and 
Protamine 2 
(PRM2)

PRM1 and PRM2 are 
essential for chromatin 
condensation and DNA 
packaging

Protamine evaluation demon
strates limited clinical usage due 
to assay variability, genetic va
riety, and its indirect association 
with sperm abnormalities.

Connects directly to sperm 
structural organization, motility 
and morphological aspects.

[35—37]

Reactive Oxygen 
Species

Used as an indicator of 
oxidative stress.

Non-specific and varying; 
affected by environmental and 
physiological reasons, making it 
challenging to distinguish a sin
gular cause for raised levels or 
specify a universally appropriate 
normal range.

Essential signaling in
termediaries that regulate pro
tein action and cellular routes.

[38—40]

DNA Fragmenta
tion Index

Assesses sperm DNA 
integrity and 
fragmentation.

Elevated DNA fragmentation 
index may not directly associate 
with sperm motility or fertiliza
tion capacity, although higher 
levels are usually associated 
with declined motility and, in 
specific cases, decreased fertil
ization achievement.

Precisely measuring sperm ge
netic integrity. It assists clari
fying unexplained infertility, 
predicts Assisted Reproductive 
Technology results and miscar
riage threat and informs treat
ment options like using 
testicular sperm or lifestyle 
changes to improve success.

[41—43]

SPAG6 Regulates axonemal 
structure, motility, and 
spermatogenesis.

In the process of evaluation, 
Insufficient clinical evidence

Extensive indicator with capa
bility for early analysis and 
therapeutic directing.

[17,44]
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2. Conclusion

Recent research into reproductive biology is 
starting to demonstrate that Sperm-Associated 
Antigen 6 (SPAG6) is not only important in the 
structural and functional integrity of spermatozoa, 
but it is involved in fertility issues. SPAG6 is spe
cifically involved in the organization of the sperm 
flagellum, particularly by maintaining axonemal 
stability and facilitating effective motility. Experi
mental models employing gene knockout and tar
geted mutations have consistently demonstrated 
that the absence or disruption of SPAG6 leads to 
pronounced defects in sperm motility and flagellar 
architecture. Hence, there is a direct association 
between SPAG6 deficiency and asthenozoospermia. 
Immunohistochemical staining and transcriptomic 
profiling have confirmed that the testis-specific 
expression of SPAG6 peaks during the critical 
phases of spermatogenesis. Taken together, anal
ysis of SPAG6 expression has great potential as a 
functionally relevant biomarker, aimed at evalu
ating sperm function and male fertility.
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