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Abstract

Flagellar navigation along the genital tract of male and female in spermatozoa is accomplished through a number of 
biological, physiological, biochemical, and electrophysiological alterations in spermatozoa. These alterations are highly 
precise, dynamic, and regulated through a number of ion channels along with their associated pathways. Beating of flagella 
along with intracellular metabolism of spermatozoa is associated with fluxing of Ca++ as well as release of Ca++ from 
different sources. Calcium fluxing through the spermatozoa is mediated through sperm-specific calcium channel and also 
through transient receptor potential (TRP) channels which are diversified multifamily of ion channels which are activated 
through a number of extracellular agents such as pH, temperature, chemicals, and pathogens. Research has shown the 
dynamic role of TRP channels in regulating sperm functions such as sperm chemotaxis, rheotaxis, thermotaxis, and 
eventually fertilization. Diversified forms of TRP and their involvement in regulation of sperm function opens new horizons 
of understanding of the sperm function and, in specific, issues related to infertility. This mini-review is an attempt to draw 
some insights into the action of TRP channels in regulating sperm fertility competence through both calcium-dependent and 
calcium-independent mechanisms.

Keywords: acrosome reaction, calcium, capacitation, fertilization, motility, pH, sperm, temperature, transient receptor 
potential.

Introduction

Spermatozoa navigation in different chemical, 
physical, and fluid gradients is very complex requir-
ing controlled and precise role of ion channels along 
with their downstream signal transduction pathways. 
Ion channels are membrane proteins being present in 
all living cells including sperm cells and are tightly 
regulated by a number of extracellular and intracel-
lular factors [1]. From ancient times, it was believed 
that these are confined to excitable cells such as 
neurons and myocytes, but studies have shown the 
presence of ion channels in sperm cells and their 
involvement in regulation of numerous functions 
of sperm cells. In the recent past, the emergence 
of sperm ion channels has revolutionized modern 
understanding of sperm function and, in specific, 
sperm functions such as motility, capacitation, che-
motaxis, and acrosomal reaction [2].

Flagellated spermatozoa exhibit kinetic motion 
to spot the egg to bring out fertilization which is gov-
erned through a number of intrinsic as well as extrinsic 
factors [3]. Key events of sperm motion in different 
chemical, physical, and fluid gradients are accom-
plished through Ca2+ and its associated signaling 
mechanisms [3]. Regulation of Ca2+ influx is governed 
through sperm-specific Ca2+ channels (CatSper) and 
other ion channels such as transient receptor poten-
tials (TRPs) [2]. Species not having defined CatSper 
channels also exhibit Ca2+ influx and therefore hint 
toward the existence of other sets of mechanisms to 
regulate fluxing of Ca2+ into sperm cells [2]. TRP 
channels are large set of cation channels and regulate 
Ca2+ influx as well as release of Ca2+ from storage sites 
in spermatozoa [4].

Sperm cells are considered as dynamic cells and 
are the only cells to encounter their total lifespan in 
different physiological conditions starting from tes-
ticular microenvironment to male reproductive tract 
and after ejaculation in female genital tract [5,6]. It is 
very interesting to understand that how spermatozoa 
function in such altered and diverse environments. 
Sperm cells are regulated by array of fast crosstalk 
mechanisms and are believed to be regulated through 
ion channels [5,6]. Pharmacological, molecular, and 
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electrophysiological tools have given conclusion to 
these hypotheses and have precisely described the 
role of ion channels in regulating sperm function [2]. 
Spermatozoa functions such as sperm motility, capac-
itation, hyperactivity, and chemotaxis are mediated by 
sperm-specific ion channels [4].

The present mini-review highlights the TRP 
channels and their potential involvement in regula-
tion of sperm functions. The present review tried to 
address the functional involvement of TRP channels 
in regulation of sperm motility, hyperactivity, capaci-
tation, chemotaxis, and thermotaxis. With these objec-
tives, this review searched the database to find the 
best possible answers related to TRP channel and their 
function in sperm cells.
Overview on TRP channels

TRP channels were first reported in Drosophila 
melanogaster mutant by Cosens and Manning [7]. 
Montell and Rubin [8], after coding of the gene, 
established the homology of TRP channels with volt-
age-gated ion channels. TRP channels are a group of 
unique ion channels that serve as cellular sensors for 
a wide spectrum of physical and chemical stimuli [9] 
and constitute a distinct superfamily of ion channels 
which are distantly related to voltage-gated K+ and 
Na+/Ca2+ superfamilies [10].

The members of TRP channels are involved in 
various diverse cellular functions such as vision, taste, 
hearing, touch, olfaction, thermal perception, and noci-
ception [11]. Many TRP proteins play critical roles in 
processes such as sensory physiology, vasorelaxation, 
and male fertility [3]. TRP cation channels are versatile 
and diverse in their regulatory mechanisms, gating, and 
selectivity exhibiting a diverse distribution in animal 
kingdom starting from yeasts, flies, worms, and mice 
to human. Characterization and nomenclature of TRP 
channels have been originated from their first mem-
bers being known as TRP canonical (TRPC) and were 
involved in phototransduction in Drosophila [12]. In 
sperm cells, events such as capacitation, hypermotility, 
chemotaxis, and fertilization are mediated by influx of 
Ca2+ and rise in intracellular Ca2+ concentration indi-
cating the potential involvement of various types of 
TRP channels. Thirty different genes of TRP channels 
have been reported to date and based on sequence sim-
ilarity; these are divided into following seven groups: 
1.	 TRPC channels
2.	 Vanilloid TRP channels (TRPV)
3.	 Melastatin TRP channels (TRPM)
4.	 Polycystin TRP channels (TRPP)
5.	 Mucolipin TRP channels
6.	 Ankyrin TRP channels
7.	 No mechanoreceptor potential C (nompC) TRP 

(TRPN) channels: These channels are found in 
fruit flies and are associated with gating of the 
channel pore.
The TRP family members are related to 

signal transduction and are sensitive to pH, 

temperature, phosphorylation, mechanical, and 
osmotic changes [13]. The TRPC family has attracted 
considerable attention due to their putative roles as 
store-operated and receptor-operated cation channels. 
In many cells, the emptying of Ca2+ stores generates a 
gating signal that couples intracellular Ca2+ release to 
the opening of store-operated channels in the plasma 
membrane. Li and Wang [10] reported that TRP chan-
nels are responsible for the sustained Ca2+ elevations 
which are necessary for normal physiological func-
tions through store-operated channels [10].

TRP expressions are reported in both sper-
matogenic and mature sperm cells [14]. Protein level 
organization of TRP channels has been confirmed by 
X-ray crystallography and electron microscopy [15]. 
Figure-1 summarizes the various localizations of TRP 
channels and their various subtypes on various com-
partments of spermatozoa, thus evidencing their sig-
nificant role in regulating spermatozoa functions.
Structure of TRP channels

TRP channels are predicted to have six trans-
membrane domains with large intracellular amino and 
carboxyl termini similar to other ion channels [16]. 
A six-transmembrane helix topology (S1 through S6) 
with a reentrant loop between S5 and S6 forming the 
channel pore is a recurring structural motif [17]. These 
channels tetramerize to a 24-helix functional protein 
complex. As observed for other ion channels, TRP 
channel function is strongly influenced by large intra-
cellular domains and the responsiveness to functional 
modulators, for example, regulation by phosphoinos-
itides [18] or inhibition by quaternary ammonium 
ions  [19] and venom toxins [20]. With this general 
overview, the present review will mostly focus on 
understanding the role of different TRP channels and 
their subtypes in regulating spermatozoa function.

TRPC
TRPCs are the first mammalian TRP subfamily 

discovered in 1995 in Drosophila [21]. TRPC proteins 
are cationic channels and mediate influx of Ca2+, Na+, 
and K+ on voltage-dependent manner [22]. There are 
seven TRPC subunits, and they are functionally local-
ized in spermatozoa. Table-1 enlists the different types 
of TRPC channels in spermatozoa [14,23-28].

Oocyte/egg-sperm interaction involves che-
motaxis, capacitation, and hyperactivity of sperma-
tozoa, eventually leading to sperm head fusion and 
acrosomal reaction (AR) [29]. Studies have shown 
the involvement of TRPC and its subtype in mediat-
ing Ca2+ influx. In mouse model, TRPC2 is involved 
in Ca2+ influx while TRPC3 in Caenorhabditis ele-
gans [30]. Functional studies have revealed that Ca2+ 
influx is mediated by TRPC2, and in specific, this is 
triggered by ZP3 [29].

Various localizations of TRPC in spermatozoa 
have given the indications that they mediate com-
plex series of signaling in spermatozoa, and various 
compartments are involved in regulating Ca2+ influx. 
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Pyr3 which acts as an antagonist of TRPC3 can inhibit 
sperm motility and accelerate capacitation-associ-
ated protein tyrosine phosphorylation in a time- and 
dose-dependent manner regardless of the presence or 
absence of Ca2+ in the incubation medium [27]. TRPC 
channel blocker SKF96365 exerted similar effects on 
mouse sperm motility and capacitation, indicating a 
potential role of TRPC in mediating sperm motility 
and capacitation through Ca2+ signaling.

TRPV
The TRPV channels are constituted by six mem-

bers activated by physical and chemical stimuli [9]. 
TRPV is sensitive to changes in pH, osmolarity, ion 
changes, and high temperature. Various subtypes of 
TRPV are sensitive to different temperature gradients 
and get activated to mediate Ca2+ influx. TRPV1 to 
TRPV4 are Ca2+ permeable, non-selective cationic 
channels and are sensitive to endogenous as well as 
exogenous ligands [31]. TRPV1 is the most studied 
member of this group, and it is found in urinary blad-
der [32] and in the reproductive system [33] along 
with other tissues. Caterina and Julius [34] established 
the two agonists of this channel that is capsaicin and 
resiniferatoxin. Anandamide (AEA) is a potent agonist 
of TRPV1 and also acts as an endovanilloid. Through 
the activation of TRPV1, AEA reduces mitochondrial 

activity, and hence, it affects the motility of human 
sperm. It also inhibits capacitation-induced acro-
some reaction [35]. These effects of AEA were pre-
vented by the CB1R antagonist SR141716A, leading 
to the suggestion that they required CB1R activation 
while capsazepine promotes spontaneous acroso-
mal reaction [35] and its use inhibited sperm-oocyte 
fusion [36]. SR141716A (selective CB1 cannabinoid 
inverse agonist/antagonist) and SR144528 (selective 
antagonist of the CB2 cannabinoid receptor) act as 
potent antagonist of TRPV1 channel [35]. TRPV1 
activates endocannabinoid system and is sensitive to 
high temperature (up to 42°C) and low pH. Its sensi-
tivity is reported to piperine and allicin is modified by 
the presence of ethanol, nicotine, or changes in phos-
phatidylinositol 4,5-bisphosphate levels [37].

TRPV2 channel shows 50% similarity in amino 
acids to TRPV1 and gets activated at approximately 
52°C, while TRPV3 and TRPV4 are 40-50% homol-
ogous with TRPV1. The activator of TRPV3 is aro-
matic substances like cloves [38], and temperature 
ranges from 34 to 39°C [39], while activator of TRPV4 
osmotic changes phorbol esters [40] and temperature 
(25-34°C) [39]. TRPV5 and 6 show the least sensitiv-
ity to temperature while very selective to Ca2+ and can 
be modulated by Ca2+ [18]. TRPV6 regulates extracel-
lular Ca2+ concentration of the epididymal duct which 

Figure-1: Photomicrograph depicting the functional localization of various types of transient receptor potential (TRP) 
channels and their subtypes on spermatozoa of various species of animals (A: Human; B: Mouse; C: Goat; and D: Bull). 
TRPC - TRP canonical; TRPV - TRP vanilloid; TRPM: TRP melastatin (Figure was designed by DKS, AK, and AKM).

Table-1: Localization of different types of TRPC on spermatozoa (designed by AK and AKM).

Subtype of TRPC Localization on spermatozoa References

TRPC1 Head and flagella of mouse, human, and goat spermatozoa [24,25]
TRPC2 Anterior part of mouse sperm [26]
TRPC3 (109 kDa) Post‑acrosomal region and flagella in mouse spermatozoa; acrosomal region and 

midpiece in human and goat spermatozoa
[14,25,27]

TRPC4 Head and flagella of human and goat spermatozoa and flagella of mouse sperm [14]
TRPC5 (111 kDa) Head and flagellum of human sperm [23]
TRPC6 (140 kDa) Flagella of mouse, human, goat sperm, and head of human and goat spermatozoa [14,25]
TRPC7 Not reported in spermatozoa [28]

TRP=Transient receptor potential, TRPC=Canonical transient receptor potential
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is essential for motility and fertilization capacity of 
spermatozoa [3]. Table-2 depicts the presence of dif-
ferent types of TRPV on spermatozoa [3,10,35,38,41].

TRPMs
TRPM is a member of TRP superfamily and 

is closely related to the TRPC and TRPV. This sub-
family is comprised of  eight members (TRPM1 
to TRPM8). TRPM1 is first reported in 1998 in 
tumor suppressor protein melanocytes. TRPM2 as 
an adenosine diphosphate ribose-activated channel 
of macrophages; TRPM3 is a hypoosmolarity and 
sphingosine-activated channel; TRPM4 and TRPM5 
are calcium-activated non-selective cation channels; 
TRPM6 and TRPM7 are magnesium permeable and 
magnesium-modulated cation channels; and TRPM8 
has been described as a cold receptor [42]. TRPM7 
is responsible for Zn2+ homeostasis in male reproduc-
tive tract, and its role is described in sperm matura-
tion [10,42]. TRPM8 is Ca2+ permeable non-selective 
cation channel and is regulated by androgens. It is also 
associated with Ca2+ homeostasis in the prostate epi-
thelium [42,43]. Activation of TRPM8 in capacitated 
mouse spermatozoa reduced their capacity to undergo 
the progesterone-induced AR [44]. TRPM8 (approx 
130 kDa) channels could be involved in cell signal-
ing events such as thermotaxis or chemotaxis [42,45]. 
In mouse spermatozoa, TRPM8 detects temperature 
changes and may influence the AR altering intracel-
lular calcium levels. TRPM8 activation significantly 
increases [Ca2+] and also induces the AR [42,45]. 
Table-3 depicts the presence of different types of 
TRPM and their functional localizations on different 
parts of spermatozoa [10,45,46].

TRPPs
TRPP subfamily is associated with polycystic 

kidney disease (PKD) in the human which is under the 
influence of autosomal dominant gene. This channel is 
made up of two proteins, namely PKD-1 and PKD-2. 
PKD-1 is known as TRPP1 and acts as a receptor, 
while PKD-2 is known as TRPP2 and acts as an ion 
channel. The PKD2-like subgroup contains three 
homologous proteins - PKD2, PKD2L1, and PKD2L2 
and is referred to as TRPP2, TRPP3, and TRPP5 [25]. 

Polycystin-1 forms a complex with Polycystin-2 ion 
channel or protein to regulate various biological pro-
cesses [47].

PKD and receptor for egg jelly (PKDREJ) 
expression have been detected only in the mamma-
lian testis, where it is restricted to the spermatogenic 
lineage and retained in mature sperm. PKDREJ is a 
specific domain detected only in mammalian tes-
tis, head of mature spermatozoa, and spermatogenic 
lineage  [48]. A  PKDREJ transcript was detected in 
spermatogenic cells by in situ hybridization with 
mouse testicular tissue. Polycystin 1 and 2 proteins 
are detected in the spermatozoa head of the sea urchin 
and responsible for acrosomal reaction [49]. Human 
subjects with autosomal PKD due to defects in poly-
cystin (PKD) genes have necrospermia and immotile 
sperm along with seminal vesicle and ejaculatory duct 
cysts [50]. TRPP proteins also have been found to be 
associated with regulation of human sperm motility 
including other mammals [51]. Table-4 summarizes 
the localizations of different types of TRPP at differ-
ent localizations of spermatozoa [25,51].
Conclusion

TRP channels and their various subtypes are 
involved in regulating spermatozoa functions through 
regulating calcium homeostasis along with other ion 
channels. These channels regulate vital functions of 
spermatozoa such as sperm motility, hypermotility, 
chemotaxis, capacitation, thermotaxis, and acrosome 
reaction. TRP channels also make the spermatozoa 
competent enough to respond to various extracel-
lular stimuli and eventually mediate their function. 
Understanding the different types of TRPs will help 
further the science to improve sperm functions as well 

Table-2: Localizations of different types of TRPV on spermatozoa (designed by AK and AKM).

Subtype of TRPV Localization on spermatozoa References

TRPV1 Acrosomal and post‑acrosomal regions of boar, bull, and human spermatozoa [35,38,41]
TRPV5 Rat spermatozoa (not specified) [10]
TRPV6 Epididymal epithelium but not in mouse spermatozoa [3]

TRPV=Vanilloid transient receptor potential

Table-3: Localizations of different types of TRPM on spermatozoa (designed by AK and AKM).

Subtype of TRPM Localization on spermatozoa References

TRPM3, TRPM4, TRPM5, TRPM6, and TRPM7 Rat spermatogenic cell and spermatozoa [10,46]
TRPM8 Head and flagellum of mouse and human spermatozoa [45,46]

TRPM: Transient receptor potential melastatin

Table-4: Localizations of different types of TRPP on 
spermatozoa (designed by AK and AKM).

Subtype of 
TRPP

Localization on 
spermatozoa

References

TRPP3 Mouse testis; human 
spermatozoa

[25,51]

TRPP5 Mouse and human 
spermatozoa

[25,51]

TRPP: Transient receptor potential polycystin
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as will help in the development of suitable measures 
for the treatment of infertility.
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