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[ Abstract] The global prevalence of infertility has increased significantly, with male factors accounting for ap-
proximately 50% of cases. A primary etiology of male infertility involves abnormalities in sperm function and/or
morphology ; notably, spermatogenesis, maturation, and functional execution are highly dependent on ion chan-
nel proteins. In this review, we systematically summarize the ion channels directly or indirectly involved in sper-
matogenesis, maturation, and activation. We highlight the roles of key channel and transporter proteins—inclu-
ding CatSper, bicarbonate transporters ( SLC4/SLC26) , sodium-hydrogen exchangers ( NHEs) , and HVCN1—
in mediating crucial processes such as intracellular alkalinization and Ca’* influx. Furthermore, we outline chan-
nel proteins that indirectly participate in sperm development and maturation, such as aquaporins ( AQP3/7/8/
9), CFTR, and CLC-2. Together, these ion channels cooperate and counterbalance one another, establishing a
sophisticated and precise regulatory network. In recent years, rapid advancements in electrophysiology and struc-
tural biology have provided deeper insights into the molecular architecture of the CatSper complex, the dual-ga-
ting mechanism of sNHE, and the “zinc hypothesis” of HVCNI1. Looking ahead, insights into these sperm-asso-
ciated ion channels hold great potential for broad clinical applications, ranging from genetic screening for infertil-
ity and precision therapeutics for male infertility to the development of non-hormonal male contraceptives, thereby
offering novel paradigms to address global reproductive health challenges.
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