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Contraception: Search for an Ideal Unisex Mechanism by
Targeting lon Channels

Polina V. Lishkol"
Department of Molecular and Cell Biology, University of California, Berkeley, CA 94720, USA

Abstract

Targeting sperm ion channels and other sperm-specific proteins is an effective way to develop
unisex contraceptives, as they should have decreased side effects. This Science & Society
summarizes the current advances in human sperm physiology in attempts to evaluate what would
be appropriate targets for unisex contraceptives.

Mammalian fertilization results in the fusion of the male gamete (the spermatozoon) with
the female gamete (the ovum) that takes place in the specified region of the female
reproductive tract (the ampulla). The ovulated egg arrives at the ampulla, where it awaits
sperm cells. However, its survival time is limited and lasts from 12 to 24 h; after which, the
ovulated egg disintegrates if it is not fertilized by spermatozoon. Mammalian sperm cells are
infertile when initially deposited into female reproductive pathways. Human spermatozoa
have to spend at least 3 h inside the female reproductive tract to undergo their final
maturation before they become competent to fertilize an egg, in a process called
capacitation. Therefore, to arrive at the ampulla in time, sperm cells must not only survive in
the hostile environment of the female genital tract, but also possess robust motility and
overcome numerous obstacles presented along their way. Not surprisingly, during natural
conception only a few spermatozoa will reach the site of fertilization in time.

The principle of sperm motility has fascinated researchers since Antonie van Leeuwenhoek
first discovered these cells in 1677. Spermatozoa are equipped with sophisticated molecular
mechanisms that allow successful navigation in the female reproductive tract; however, these
mechanisms vary among species. To succeed, a sperm cell must sense the environment and
adapt its motility, which is controlled partially by ATP production, and partially by ion
homeostasis, which is in turn under tight control of sperm ion channels and transporters.
Sperm ATP production, intracellular alkalinity, membrane voltage, and intracellular calcium
concentration are all important for sperm activity within the female reproductive tract. While
all mammalian sperm are united in their goal to find and fertilize an egg, the molecular
mechanisms they utilize for this purpose differ among species, especially at the level of ion
channels.

The incredible diversity in the molecular mechanisms driving sperm motility has hindered
our ability to understand and manipulate human sperm function. Our knowledge of the
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physiology of human spermatozoa, and in particular the sophisticated machinery that
regulates human sperm motility and fertilization potential, is so limited that the etiology of
~80% of male infertility cases remain unknown, and the only available treatment is limited
to assisted reproductive technologies (http://grants.nih.gov/grants/guide/rfa-files/RFA-
HD-09-032.html). That mammalian spermatozoa are diverse in their choice of molecular
regulators has also hindered multiple attempts to develop effective compounds to halt sperm
fertilizing potential. Essentially, what works for rodents may not necessarily work for
humans. Therefore, whether in search of an ideal contraceptive, or developing a universal
male fertility diagnostic screen, a more detailed and thorough understanding of what is
going on at the molecular level in human sperm cells is needed.

As mentioned above, sperm motility depends on sperm ion homeostasis, which is largely
controlled by ion channels and transporters. Many of these proteins or their regulatory
subunits are expressed exclusively in sperm cells, thus making them ideal targets for
contraceptives (Figure 1). One such target is the flagellar calcium channel CatSper, which is
indispensable for fertility in both mice and humans [1,2]. In spermatozoa, swimming
behavior is tightly controlled by rises in flagellar calcium ([Ca%*];) that change the basal
flagellar beat pattern into an asymmetrical, whip-like bending of the flagellum, commonly
referred to as hyperactivation. This high-amplitude asymmetric flagellar bending is essential
for the sperm fertility, because it enables them to overcome the protective vestments of the
egg. Male mice and men deficient in CatSper are infertile, while no other phenotypical
abnormalities, specifically associated with CatSper deletion, are noted [1]. Human CatSper
channel activation requires a combination of intracellular alkalinity and the presence of the
female sex hormone progesterone [3,4], which is produced and released by the cumulus cells
surrounding the ovulated egg. However, rodent CatSper is progesterone insensitive.

The details of human CatSper activation by progesterone were recently revealed [5]. CatSper
activation begins with the steroid binding to a serine hydrolase, ABHD2, thus triggering its
activation and clearance of the endogenous CatSper inhibitor, endocannabinoid 2-arachodo-
noylglycerol, from the sperm membrane. The regulation of [Ca2*]; is critical for proper
sperm function and thus compounds that directly modulate CatSper or affect [CaZ*]; will
also impact sperm fertilization potential. In contrast to CatS-per, ABHD?2 is ubiquitously
expressed suggesting it might be a less attractive target for contraception development than
CatSper. However, the function of ABHD?2 is progesterone dependent, which means this
enzyme will only work if the female sex hormone progesterone is present. Given that
progesterone is predominantly a female hormone, and its concentration in the male body is
minimal, blocking ABHD?2 action should not theoretically affect men, because the protein
should be largely inactive in the male body. Thus, theoretically, an ABHD2 inhibitor could
serve as effective male contraceptive pill. If ABHD2 is irreversibly blocked in sperm cells,
they will not respond to progesterone once deposited in the female body, and therefore will
not be able to fertilize an egg. Therefore, an evaluation of the progesterone-binding domain
within ABHD2 could be a valuable first step in search of a male contraceptive that is based
on ABHD?2 targeting. Interestingly, mice deficient in ABHD2 are apparently normal and
fertile [6]. The latter is explained by murine ABHD2 being expressed in a different sperm
cellular compartment than murine CatSper, as well as murine CatSper insensitivity to
progesterone, while in human spermatozoa, ABHD2 and CatSper are colocalized [5]. It is
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possible that the role of ABHD2 in other tissues is minor, and its inhibition may not result in
potential undesirable health effects, at least in men.

Many other sperm-specific proteins are also being considered as valuable targets for
contraceptive development. The mouse potassium channel Slo3 and its auxiliary subunit
LRRC52 are sperm specific, and male mice deficient in each of these proteins are severely
subfertile [7,8]. Potassium channels are vital for regulation of the sperm membrane electrical
potential, because they influence the function of other channels, such as CatSper. Slo3 also
forms the potassium channel of human sperm [9,10]; however, its properties are different
from murine Slo3 [11], which has created a debate about the true molecular identity of the
human sperm potassium channel. As with the CatSper channel, human genetics may provide
a useful tool to answer this question.

Sperm cells are unique in that many ubiquitously expressed proteins have sperm-specific
isoforms, which also could provide useful targets for contraceptives. For example, the
calcium and calmodulin-dependent serine—threonine phosphatase calcineurin, which is
essential for calcium signaling in many tissues, also has a sperm-specific isoform whose
deficiency or deletion leads to profound male infertility [12]. It is remains to be shown
whether selective targeting of sperm calcineurin would produce effective contraceptives
because male patients treated with cyclosporine A—a well-known calcineurin inhibitor—-do
not suffer from infertility [12]. Other potential contraceptive targets could be sperm surface
proteins, such as EPPIN (epididymal protease inhibitor) [13] or defensins. Antibodies
derived against EPPIN have demonstrated effective and reversible contraception in primates
[13]. In addition, mutation in the gene coding for the sperm surface protein defensin B126 is
a cause of male subfertility in humans [14]. Among transporters, an interesting candidate for
sperm-specific targets for contraceptive is Na,K-ATPase, which exists in several isoforms,
among which isoform 4 is sperm specific [15]. Male mice deficient in Na,K-ATPase o4
gene are completely sterile, and their spermatozoa are unable to fertilize an egg /n vitro [15].

In summary, idiopathic male infertility can be partially attributed to the malfunctioning of
sperm regulatory units, their effector molecules, or sperm surface proteins. The molecular
repertoire and mode of regulation is divergent between sperm cells of different species,
therefore, to search for effective male contraceptives, we must pay significant attention to
human sperm-specific regulatory proteins. Detailed characterization of human sperm
regulatory units and, perhaps, a comprehensive database that combines the human sperm
proteome, transcriptome, and even lipidome, is needed to define the ideal targets for human
male contraceptives.
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Flagellar targets:
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Figurel.
Mammalian Sperm Targets for Contraceptive Development. Sperm-specific targets: Cat-

Sper: cationic channel of sperm; Slo3: pore-forming subunit of potassium channel KSper;
LRRC52: auxiliary subunit of potassium channel KSper; Na,K-ATPase isoform o4: Na,K
pump; sSNHE: sperm sodium—proton exchanger; PPP3CC and PPP3R2: catalytic and
regulatory subunits of sperm calcineurin; defensin B126: sperm surface protein; EPPIN:
epididymal protease inhibitor. Ubiquitously expressed targets: Slo1: calcium-activating
potassium channel; ABHD2: ab domain like hydrolase 2; Hv1: voltage-gated proton channel
1.
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