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Abstract
Background: Low levels of reactive oxygen species (ROS) 
and calcium are necessary for sperm function. NADPH oxidase 
5 (NOX5) is a membrane enzyme which produces ROS. This 
enzyme is dependent on calcium for its activity. We investigated 
the importance of NOX5 and an important calcium channel 
(CatSper) on sperm function.
Methods: This laboratory in-vitro study was done in Shiraz, 
Iran, 2016. Normal semen samples (n=24) were washed 
and diluted to 20×106 sperm/mL. The diluted samples were 
divided into 8 groups, containing Ham’s F-10 (control group), 
2 µM of NNC (CatSper channel inhibitor), 1 µM DPI (NOX5 
inhibitor), and NNC+DPI. The other 4 groups were the same as 
the 1st ones, except that they contained 1 µM of progesterone. 
Motility assessment was done by VT–Sperm 3.1. Acrosome 
status was monitored with acrosome-specific FITC-PSA using 
fluorescent microscopy. Sperm viability was assessed by Eosin 
Y. Statistical analysis was performed using SPSS 16 software. 
The comparison between the groups was done using the 
one-way ANOVA, followed by Tukey. A P<0.05 was considered 
significant.
Results: The percentage of motile sperm, sperm velocity, and 
viability decreased significantly in the groups containing NNC. 
DPI reduced sperm progressive motility only in the progesterone-
stimulated condition. Progesterone induced acrosome reaction, 
but this effect was inhibited by NNC and DPI.
Conclusion: CatSper had a prominent role in the motility, 
acrosome reaction, and viability of the human sperm. The 
function of NOX5 was important only in the stimulated sperm. 
We conclude that CatSper has a more prominent role than NOX5 
activity. The functional relation between NOX5 and CatSper is 
not clear but is very probable.
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Introduction

Low intracellular concentrations of reactive oxygen species 
(ROS) constitute a physiological factor that affects the activities 
of the human sperm such as motility, acrosome reaction (AR), 
capacitation, and fertilization.1,2

Original Article

What’s Known

• We showed CatSper channel 
inhibition affects sperm motility, 
acrosome reaction, and sperm 
viability in stimulated and unstimulated 
conditions.
• NOX5 enzyme activity is not 
important in unstimulated sperm 
motility, acrosome reaction, and sperm 
viability. The role of this enzyme is 
prominent when the sperm is stimulated 
by progesterone.

What’s New

• Progesterone induces calcium 
entry into the human sperm through the 
CatSper channel.
• Calcium has a main role in 
sperm motility and acrosome reaction. 
Furthermore, calcium is a key activator 
of the NOX5 enzyme.
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The exact production sources of ROS by the 
human sperm are not fully known. However, 
mitochondria and also membrane NADPH 
oxidase (NOX) are main candidates as the 
source of ROS in the human sperm.3,4

So far, 5 types of NOX enzymes have 
been identified in mammals which transfer 
electrons to oxygen, causing superoxide anion 
production.5,6 None of the NOX 1–4 enzymes 
has been identified in the human sperm. The 
only known NOX enzyme that is detected in 
the human sperm is called NOX5.4,7 In fact, the 
gene of NOX5 is found on chromosome 15.3 The 
expression of the NOX5 enzyme is proven by 
using an antibody that is specific for the NOX5 
enzyme.4,7

Among NADPH oxidases, the NOX5 enzyme 
has unique properties. This enzyme has 4 
binding sites for calcium at the end of its amino 
domain8 and calcium ion is essential for its 
activation5 such that NOX5 activity increases 
significantly in response to calcium ionophore 
ionomycin4 and decreases with the removal of 
calcium from the outside of the cell and also 
decreases by diphenyleneiodonium (DPI), a 
nonspecific inhibitor of the NOX5 enzyme.4 
Moreover, it has been proven that progesterone 
induces calcium entry into the human sperm.9 
Some recent studies have shown that calcium 
entry by progesterone is through a sperm-
specific calcium channel called “the CatSper 
channel”.9,10 It is shown that the disruption of the 
CatSper channel abolishes the progesterone-
sensitive current through the CatSper channel 
and results in men infertility.11 By doing so, 
progesterone controls several functions of 
the human sperm that are associated with an 
increase in the intracellular calcium such as 
motility and AR.

Overall, progesterone is one of the most 
important stimulators of the human sperm. For 
instance, progesterone induces calcium entry 
into the human sperm through the CatSper 
channel and calcium is the main activator of the 
NOX5 enzyme.

To determine the importance of NOX5 
and CatSper activity in sperm function, we 
investigated the effects of the inhibition of 
NOX5 and the CatSper channel on motility, AR, 
and viability in the presence and absence of 
progesterone.

Materials and Methods

Participants
Human semen samples (n=24) were 

obtained from fertile men (20–40 years old), 
who had referred to Shiraz Infertility Centre, 

Shiraz, Iran, in 2016. The study protocol for this 
laboratory study was approved by the Research 
Ethics Committee of Shiraz University of Medical 
Sciences (Ethical Code: EC–92–6773). A written 
informed consent was obtained from all the 
participants in this study. Donors were chosen 
from among nonsmoking men who did not have 
any medical problems and had not used any 
drug, dietary supplements, and alcohol. In terms 
of fertility, they were totally healthy. Semen was 
collected by masturbation after 3–5 days of 
sexual abstinence. Complete instruction as to 
how to collect the semen sample was provided 
to the donors. Normal semen samples from 
healthy men were chosen based on the WHO’s 
criteria.12

Semen Samples and Sperm Isolation
Total semen volume, viscosity, pH, 

appearance, sperm concentration, and motility 
were assayed after liquefactions with a SQA-
VTM sperm quality analyzer (Austria, H18-
990). Normal liquefied semen samples were 
loaded with a sperm medium (Ham’s F-10) and 
centrifuged at room temperature. The pellets were 
re-suspended in 0.5 mL of the sperm medium and 
then incubated for 60 minutes at 37°C under 5% 
CO2. Motile spermatozoa that progressed from 
the pellet into the supernatant were collected by 
aspiration. The number of sperm in suspension 
was counted using a Neubauer hemocytometer 
under a light microscope (CX41, Japan). Then 
according to the number of sperm, Ham’s F-10 
was added to adjust sperm concentration to 
20×106 sperm/mL. Subsequently, the adjusted 
sample was divided into 8 experimental groups, 
containing Ham’s F-10 (control group),1 µM of 
progesterone (P8783, Sigma Aldrich, Germany), 
2 µM of NNC (N0287, Sigma Aldrich, Germany) 
as CatSper inhibitor, 1 µM of DPI (D2629, Sigma 
Aldrich, Germany) as NOX5 inhibitor, NNC+DPI, 
NNC+progesterone, DPI+progesterone, and 
NNC+DPI+progesterone groups. Thereafter, the 
samples were incubated at 37 °C and 5% CO2 
for 30 minutes. Finally, sperm motility, AR, and 
viability were evaluated.

Motility Assessment
Sperm motility is categorized into progressive, 

nonprogressive, and immotile according to the 
WHO’s criteria.12 Motility is progressive when 
spermatozoa move linearly or in a large circle. 
Nonprogressive motility is all the other patterns 
of motility except progressive movement such 
as swimming in small circles. Immotility defines 
the condition where there is no movement.

Briefly, the samples were mixed and 10 µL 
of each sample was placed on a glass slide and 
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cover with a 22-mm×22-mm cover slip. Sperm 
motility was assessed using a sperm motility 
analyzer (VT–Sperm 3.1). Ten individual fields 
were observed randomly for sperm motility. 
Motility parameters such as average path 
velocity (VAP, µm/s), straight line velocity (VSL, 
µm/s), curvilinear velocity (VCL, µm/s), and 
linearity (LIN, %) were also checked. At least, 200 
spermatozoa were evaluated for each sample.

Evaluation of Acrosome Reaction
Acrosomal assessment was done by FITC-

PSA (L0770, Sigma Aldrich, Germany) staining. 
Each sample was exposed to 1 mg/mL of FITC-
PSA for 30 minutes and then to 10 µg/mL of 
DAPI (D9542, Sigma Aldrich, Germany) for 
5 minutes at room temperature. Thereafter, 
the cells were monitored under a fluorescent 
microscope (Olympus BX51, Japan). The 
nucleus and acrosome were stained in blue and 
green with DAPI and FITC-PSA, respectively. 
Acrosome was considered reacted when the 
green fluorescent was limited to the equatorial 
segment or when the acrosome area was not 
observed.

Evaluation of Sperm Cell Viability
Eosin Y (E6003, Sigma Aldrich, Germany) 

was added to each sample (1:1), and the cells 
were observed after 30 seconds. Eosin can 
infiltrate dead cell membranes, and thereupon 
the head of the dead sperm appears in red. 
At least 200 cells were evaluated for each 
group, and the percentage of viable sperm was 
calculated.

Statistical Analysis
Data were analyzed with SPSS 16.0. The 

normal distribution of the data was assessed 
using the Kolmogorov–Smirnov test. The data 
were distributed normally. Then the statistical 
comparisons between the groups were done 
by using the one-way ANOVA. A P<0.05 was 
considered significant. The ANOVA was followed 
by the Tukey post hoc test, and a P<0.05 was 
considered significant for each post hoc test. 
The results were expressed as means±SDs.

Results

Thirty minutes’ incubation of sperm in the medium 
containing NNC (CatSper channel inhibitor) and 
DPI (NOX5 inhibitor) reduced sperm viability in 
the progesterone-stimulated sperm (P<0.001 
and P=0.03, respectively). The mortality rate 
was increased in comparison to the control 
group when the CatSper channel was inhibited 
by NNC (P=0.004) (figure 1).

The percentages of the progressive and 
nonprogressive motile sperm are shown in 
figure 2. NNC reduced sperm progressive 
motility relative to the control and progesterone 
groups (P<0.001). DPI could not change sperm 
motility in controlled condition, but it reduced 
progressive and increased nonprogressive 
motility in stimulated condition by progesterone in 
comparison to the progesterone group (P<0.001 
and P=0.003, respectively). The addition of NNC 
and DPI caused a significant reduction in total 
motility, especially when the cells were exposed 
to progesterone (P<0.001).

Furthermore, VCL (µm/s), VSL (µm/s), VAP 
(µm/s), and LIN (%) were significantly reduced 

Figure 1: Graph depicts the effects of 1 µM of progesterone, 
2 µM of NNC, and 1 µM of DPI as well as their combination on 
human sperm viability (%). *Significant difference between 
the groups without progesterone; ┼Significant difference 
between the groups containing progesterone; P<0.05 was 
considered significant.

Figure 2: Graph depicts the effects of 1 µM of progesterone, 
2 µM of NNC, and 1 µM of DPI  as well as their combination 
on the (A) progressive and (B) nonprogressive motility of 
sperm. *Significant difference between the groups without 
progesterone; ┼Significant difference between the groups 
containing progesterone; P<0.05 was considered significant.

A

B
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(P<0.001) in all the groups containing NNC or 
NNC plus DPI (table 1).

The percentage of acrosome-reacted sperm 
increased significantly by progesterone (from 
8.7±0.68% in the control group to 21.9±1.7% 
in the progesterone group [P<0.001]). NNC 
and DPI did not have any significant effect 
in controlled condition, but they were able to 
completely block the effect of progesterone on 
AR (P<0.001) (figure 3).

Discussion

There is a direct relation between sperm motility 
and viability and male fertility. Both of these 
items are the most important factors assayed in 
semen analysis and have a determining role in 
the fertilization rate.12 Many intracellular factors 
can affect sperm motility and survival such as 
intracellular calcium13-15 and physiological ROS 
concentrations.1,2

However, the importance of NOX5 activity 
vis-à-vis sperm survival is not clear. According 
to our findings, it can be concluded that in the 
presence of progesterone, NOX5 activity plays 
a role in the maintenance of cell survival. It is not 
clear that this effect is related to NOX5 activity 
in ROS generation or to the other functions of 
the enzyme. Hampton and his colleagues16 
reported that 50 µM of H2O2 declined FAS-
induced apoptosis in JurKat T-cells because 
of caspase activity inhibition. Nonetheless, it is 
well known that excess amounts of ROS induce 
apoptosis.17

As was mentioned above, intracellular 
calcium is another key factor in cell cycle and 
survival. It is proven that changes in calcium 
homeostasis are associated with cell death.15 
One report has shown that NNC reduces 
proliferation and induces apoptosis in leukemia 
cell lines.18 In the present study, we showed that 
NNC decreased sperm cell viability. Since the 
main pathway for calcium influx in the human 
sperm is the CatSper channel,10,19-21 it is quite 
reasonable to conclude that calcium entrance 
through the CatSper channel has a significant 

role in the intracellular calcium homeostasis 
and, thus, sperm survival.

In the current study, we evaluated both 
motility and AR as parameters expressing the 
fertilizing capacity of sperm. Comparing viability 
and total motility (figures 1 and 2 A, B) showed 
that all the live sperm were motile in the groups 
containing progesterone. Hence, progesterone 
could not induce a more significant increase 
in the percentage of the motile sperm. It has 
been clearly demonstrated that progesterone 
controls almost all aspects of human sperm 
function.22,23 There are several reports that have 
shown that progesterone can induce sperm 
hyperactivation.24,25 Nevertheless, some studies 
have shown that even increasing the concentration 
of progesterone from 1 nM to 10 µM could not 
induce sperm hyperactivation.20,26 On the other 
hand, it has been proven by several studies that 
progesterone stimulates calcium influx into the 
spermatozoa through the CatSper channel.9,10,27

The addition of 500 nM of progesterone to 
the bath solution of sperm can considerably 
increase the amplitude of the CatSper channel’s 
calcium current.9,11 This progesterone-activated 
current can be blocked completely by NNC.9 
Moreover, research has shown that any 
mutation in CatSper channels prevents sperm 
hyperactivated motility and results in complete 
male infertility.28-31 However, the mechanism 
whereby CatSper disruption or mutations leads 

Table 1: Comparison of sperm motility parameters, curvilinear velocity (VCL, µm/s), straight line velocity (VSL, µm/s), average 
path velocity (VAP, µm/s), and linearity (LIN, %) between the different experimental groups after 30 minutes of incubation
Motility 
parameters

Without progesterone With progesterone (1 µm )
Control 
(Ham’s F-10)

NNC (2 µm) DPI (1 µm) NNC+DPI Ham’s F-10 NNC DPI NNC+DPI

VCL (µm/sec) 151.5±5.7 42.5±0.2* 144.8±9.4 46.9±12.4* 161.3±9.5 48.6±12.7┼ 138.1±11.8 59.1±16.4┼

VSL (µm/sec) 82.5±4.9 17.1±3.3* 75.2±7.1 22.09±5.8* 78.8±6.9 18.6±4.1┼ 64.8±8.1 19.3±6.04┼

VAP (µm/sec) 96.6±5.2 22.1±5.0* 84.9±7.9 25.8±6.7* 89.3±7.7 23.9±6.6┼ 73.6±8.6 23.3±7.02┼

LIN (%) 52±3 33±2* 47±3 32±3* 43±2 31±3┼ 40±4 19±2┼

*Significant difference between the groups without progesterone; ┼Significant difference between the groups containing 
progesterone; Results are expressed as means±SDs. P>0.001 was considered significant

Figure 3: Graph depicts the effects of 1 µM of progesterone, 
2 µM of NNC, and 1 µM of DPI as well as their combination on 
the percentage of the acrosome action of the human sperm. 
┼Significant difference between the groups containing 
progesterone; P<0.001 was considered significant.
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to male infertility has not been determined. 
Another report has shown that the CatSper 
channel is required for calcium entry and control 
of sperm hyperactivation.32

The reference values considered as the 
hyperactivated state for the human sperm are 
VCL>150 µm/s and LIN<50%.33 In our study, 
the VCL and LIN of those sperm which were 
incubated in progesterone were 161±9.5 µm/s 
and 43±2.4%, respectively. However, these 
values of motility in the progesterone group were 
not significantly different from those of the control 
group. On the other hand, AR was induced by 
progesterone. Based on these findings, in this 
study, we referred to the effect of progesterone 
on sperm as “the stimulation effect”. In our 
experiment, the remarkable decrement in sperm 
motility by NNC underscores the importance of 
CatSper channel activity in sperm motility. In 
addition, we showed that the CatSper channel 
played a role even in the absence of progesterone. 
This finding is in agreement with other reports 
which applied the patch clamp technique.9,11 To 
be more exact, these studies have demonstrated 
that even in the absence of progesterone, the 
CatSper channel is calcium-sensitive and there 
is a calcium current through the channel.

In regard to the NOX5 enzyme, DPI did not 
have any significant effect on sperm motility in the 
control group, but it reduced progressive motility 
and increased nonprogressive sperm motility in 
the presence of progesterone (figure 2).

It has been proven that adding NADPH 
to the sperm medium causes an increase in 
the tyrosine phosphorylation.34 Moreover, it 
has been shown that there is a correlation 
between sperm ROS generation and tyrosine 
phosphorylation pattern.35 Therefore, it can be 
concluded that redox activity plays a role in 
capacitation events such as progressive motility. 
Additionally, the incubation of sperm with 100 µM 
of H2O2 for 10 minutes caused an increase in 
the total percentage of sperm in the swim-up 
suspension.4 It has been proven that this effect 
is due to NOX5 enzyme activity because the 
incubation of spermatozoa with DPI blocked this 
stimulatory effect.4 Indeed, other studies have 
shown that adding either catalase or SOD will 
result in the loss of sperm fertilizing ability.34,36

Our finding suggests that NOX5 activity in 
the absence of progesterone does not have 
any effect on motility. However, under the same 
condition, CatSper may have a determining role 
in sperm motility. We showed that when sperm 
were stimulated by progesterone, the role of 
NOX5 was more prominent.

As was mentioned in the introduction, 
calcium activates the NOX5 enzyme. So it is 

likely that the CatSper channel affects sperm 
motility either directly or indirectly. For instance, 
it can be assumed that calcium stimulates 
NOX5 activity and ROS generation. Calcium 
and ROS can stimulate the signaling pathways 
that are involved in sperm motility. Therefore, we 
conclude that probably the actions of CatSper 
and NOX5 are somewhat linked together.

We showed that 1 µM of progesterone 
induced sperm AR. Similarly, other studies have 
also shown the same effect of progesterone on 
the AR of the human sperm.20,22 In the present 
study, progesterone-induced AR was inhibited by 
either DPI, NNC, or DPI+NNC. Therefore, it can 
be assumed that the effect of progesterone on 
AR induction depends on the CatSper channel 
and NOX5 activity.

Although the present study was meticulously 
prepared, there were some unavoidable 
limitations. In general, because of the importance 
of the NOX5 enzyme and the CatSper channel 
in sperm physiology, more pharmacological 
and electrophysiological evidence is needed 
to clarify their role in sperm function and 
capacitation. For instance, the results of this 
study would have been confirmed further if we 
had measured calcium entrance to the cell via 
relevant techniques such as the patch clamp. In 
this way, the interactive functions of the NOX5 
enzyme and the CatSper channel could have 
been examined more precisely.

Conclusion

Progesterone did not change sperm motility 
and viability, but it significantly induced AR. The 
CatSper channel plays a very important role in 
motility and viability either in the presence or in 
the absence of progesterone.

However, the effect of NOX5 activity on sperm 
motility and viability is more important when 
sperm are stimulated by progesterone. Based 
on the prominence of NNC in the reduction of 
sperm motility and viability and also given the 
role of progesterone in the regulation of calcium 
entry into sperm through the CatSper channel, 
we hypothesized that progesterone stimulated 
calcium entrance through CatSper and calcium 
activated NOX5 activity. Be that as it may, 
more studies are necessary to clarify the exact 
relationship between the activities of NOX5 and 
the CatSper channel as regards the stimulated 
function of the human sperm.

Acknowledgement

This work was supported by the Vice Chancellor 
of Research Affairs, Shiraz University of Medical 



 CatSper and NOX5 affect sperm activity

Iran J Med Sci January 2018; Vol 43 No 1 23

Sciences. This manuscript is extracted from 
the PhD thesis of Hamideh Ghanbari (Grant 
#92–6773). The authors would like to thank 
the staff of the Shiraz Infertility Center for their 
helpful assistant.

Conflict of Interest: None declared.

References

1. Baker MA, Aitken RJ. The importance of 
redox regulated pathways in sperm cell 
biology. Mol Cell Endocrinol. 2004;216:47-54. 
doi: 10.1016/j.mce.2003.10.068. PubMed 
PMID: 15109744. 

2. Ford WC. Regulation of sperm function 
by reactive oxygen species. Hum Reprod 
Update. 2004;10:387-99. doi: 10.1093/
humupd/dmh034. PubMed PMID: 15218008. 

3. Koppers AJ, De Iuliis GN, Finnie JM, 
McLaughlin EA, Aitken RJ. Significance 
of mitochondrial reactive oxygen species 
in the generation of oxidative stress in 
spermatozoa. J Clin Endocrinol Metab. 
2008;93:3199-207. doi: 10.1210/jc.2007-
2616. PubMed PMID: 18492763. 

4. Musset B, Clark RA, DeCoursey TE, 
Petheo GL, Geiszt M, Chen Y, et al. NOX5 
in human spermatozoa: Expression, 
function, and regulation. J Biol Chem. 
2012;287:9376-88. doi: 10.1074/jbc.
M111.314955. PubMed PMID: 22291013; 
PubMed Central PMCID: PMCPMC3308784.

5. Bedard K, Krause KH. The NOX family 
of ROS-generating NADPH oxidases: 
Physiology and pathophysiology. Physiol 
Rev. 2007;87:245-313. doi: 10.1152/
physrev.00044.2005. PubMed PMID: 
17237347.

6. Bedard K, Jaquet V, Krause KH. NOX5: 
From basic biology to signaling and disease. 
Free Radic Biol Med. 2012;52:725-34. 
doi: 10.1016/j.freeradbiomed.2011.11.023. 
PubMed PMID: 22182486. 

7. Ghani E, Keshtgar S, Habibagahi M, 
Ghannadi A, Kazeroni M. Expression 
of NOX5 in human teratozoospermia 
compared to normozoospermia. Andrologia. 
2013;45:351-6. doi: 10.1111/and.12023. 
PubMed PMID: 23030296.

8. Banfi B, Molnar G, Maturana A, Steger K, 
Hegedus B, Demaurex N, et al. A Ca(2+)-
activated NADPH oxidase in testis, 
spleen, and lymph nodes. J Biol Chem. 
2001;276:37594-601. doi: 10.1074/jbc.
M103034200. PubMed PMID: 11483596.

9. Lishko PV, Botchkina IL, Kirichok Y. 

Progesterone activates the principal 
Ca2+ channel of human sperm. Nature. 
2011;471:387-91. doi: 10.1038/nature09767. 
PubMed PMID: 21412339.

10. Strunker T, Goodwin N, Brenker C, 
Kashikar ND, Weyand I, Seifert R, et al. The 
CatSper channel mediates progesterone-
induced Ca2+ influx in human sperm. 
Nature. 2011;471:382-6. doi: 10.1038/
nature09769. PubMed PMID: 21412338.

11. Smith JF, Syritsyna O, Fellous M, Serres C, 
Mannowetz N, Kirichok Y, et al. Disruption 
of the principal, progesterone-activated 
sperm Ca2+ channel in a CatSper2-
deficient infertile patient. Proc Natl Acad 
Sci U S A. 2013;110:6823-8. doi: 10.1073/
pnas.1216588110. PubMed PMID: 
23530196; PubMed Central PMCID: 
PMCPMC3637729.

12. World Health Organization. WHO Laboratory 
Manual for the Examination and Processing 
of Human Semen, 5th ed. Geneva: World 
Health Organization; 2010. 271p.

13. Clapham DE. Calcium signaling. Cell. 
2007;131:1047-58. doi: 10.1016/j.
cell.2007.11.028. PubMed PMID: 18083096.

14. Lishko PV, Kirichok Y, Ren D, Navarro B, 
Chung JJ, Clapham DE. The control of male 
fertility by spermatozoan ion channels. Annu 
Rev Physiol. 2012;74:453-75. doi: 10.1146/
annurev-physiol-020911-153258. PubMed 
PMID: 22017176; PubMed Central PMCID: 
PMCPMC3914660. 

15. Rizzuto R, Pinton P, Ferrari D, Chami M, 
Szabadkai G, Magalhaes PJ, et al. Calcium 
and apoptosis: Facts and hypotheses. 
Oncogene. 2003;22:8619-27. doi: 10.1038/
sj.onc.1207105. PubMed PMID: 14634623. 

16. Hampton MB, Orrenius S. Dual regulation 
of caspase activity by hydrogen peroxide: 
Implications for apoptosis. FEBS Lett. 
1997;414:552-6. PubMed PMID: 9323034.

17. Ishisaka R, Utsumi K, Utsumi T. Involvement 
of lysosomal cysteine proteases in 
hydrogen peroxide-induced apoptosis in 
HL-60 cells. Biosci Biotechnol Biochem. 
2002;66:1865-72. doi: 10.1271/bbb.66.1865. 
PubMed PMID: 12400685.

18. Huang W, Lu C, Wu Y, Ouyang S, Chen Y. 
T-type calcium channel antagonists, 
mibefradil and NNC-55-0396 inhibit cell 
proliferation and induce cell apoptosis 
in leukemia cell lines. J Exp Clin Cancer 
Res. 2015;34:54. doi: 10.1186/s13046-
015-0171-4. PubMed PMID: 25989794; 
PubMed Central PMCID: PMCPMC4443536. 

19. Ren D, Xia J. Calcium signaling through 



Ghanbari H, Keshtgar S, Kazeroni M

24 Iran J Med Sci January 2018; Vol 43 No 1

CatSper channels in mammalian fertilization. 
Physiology (Bethesda). 2010;25:165-75. 
doi: 10.1152/physiol.00049.2009. PubMed 
PMID: 20551230. 

20. Tamburrino L, Marchiani S, Minetti F, Forti G, 
Muratori M, Baldi E. The CatSper calcium 
channel in human sperm: Relation with 
motility and involvement in progesterone-
induced acrosome reaction. Hum Reprod. 
2014;29:418-28. doi: 10.1093/humrep/
det454. PubMed PMID: 24430778. 

21. Kirichok Y, Lishko PV. Rediscovering sperm 
ion channels with the patch-clamp technique. 
Mol Hum Reprod. 2011;17:478-99. 
doi: 10.1093/molehr/gar044. PubMed 
PMID: 21642646; PubMed Central PMCID: 
PMCPMC3136206.

22. Baldi E, Luconi M, Muratori M, Marchiani S, 
Tamburrino L, Forti G. Nongenomic 
activation of spermatozoa by steroid 
hormones: Facts and fictions. Mol Cell 
Endocrinol. 2009;308:39-46. doi: 10.1016/j.
mce.2009.02.006. PubMed PMID: 
19549590.

23. Calogero AE, Burrello N, Barone N, 
Palermo I, Grasso U, D’Agata R. Effects 
of progesterone on sperm function: 
Mechanisms of action. Hum Reprod. 
2000;15:28-45. PubMed PMID: 10928417.

24. Contreras HR, Llanos MN. Detection 
of progesterone receptors in human 
spermatozoa and their correlation with 
morphological and functional properties. Int 
J Androl. 2001;24:246-52. PubMed PMID: 
11454077.

25. Calogero AE, Burrello N, Barone N, 
Palermo I, Grasso U, D’Agata R. Effects 
of progesterone on sperm function: 
Mechanisms of action. Hum Reprod. 
2000;15:28-45. PubMed PMID: 10928417. 

26. Luconi M, Francavilla F, Porazzi I, 
Macerola B, Forti G, Baldi E. Human 
spermatozoa as a model for studying 
membrane receptors mediating rapid 
nongenomic effects of progesterone 
and estrogens. Steroids. 2004;69:553-9. 
doi :  10.1016/ j .steroids.2004.05.013. 
PubMed PMID: 15288769. 

27. Tamburrino L, Marchiani S, Minetti F, Forti G, 
Muratori M, Baldi E. The CatSper calcium 
channel in human sperm: Relation with 
motility and involvement in progesterone-
induced acrosome reaction. Hum Reprod. 
2014;29:418-28. doi: 10.1093/humrep/
det454. PubMed PMID: 24430778. 

28. Quill TA, Sugden SA, Rossi KL, 
Doolittle LK, Hammer RE, Garbers DL. 

Hyperactivated sperm motility driven by 
CatSper2 is required for fertilization. Proc 
Natl Acad Sci U S A. 2003;100:14869-74. 
doi: 10.1073/pnas.2136654100. PubMed 
PMID: 14657366; PubMed Central 
PMCID: PMCPMC299835. 

29. Hildebrand MS, Avenarius MR, Fellous M, 
Zhang Y, Meyer NC, Auer J, et al. 
Genetic male infertility and mutation 
of CATSPER ion channels. Eur J Hum 
Genet. 2010;18:1178-84. doi: 10.1038/
ejhg.2010.108. PubMed PMID: 20648059; 
PubMed Central PMCID: PMCPMC2987470. 

30. Avenarius MR, Hildebrand MS, Zhang Y, 
Meyer NC, Smith LL, Kahrizi K, et al. 
Human male infertility caused by mutations 
in the CATSPER1 channel protein. 
Am J Hum Genet. 2009;84:505-10. 
doi: 10.1016/j.ajhg.2009.03.004. PubMed 
PMID: 19344877; PubMed Central 
PMCID: PMCPMC2667975. 

31. Qi H, Moran MM, Navarro B, Chong JA, 
Krapivinsky G, Krapivinsky L, et al. All 
four CatSper ion channel proteins are 
required for male fertility and sperm cell 
hyperactivated motility. Proc Natl Acad Sci 
U S A. 2007;104:1219-23. doi: 10.1073/
pnas.0610286104. PubMed PMID: 
17227845; PubMed Central PMCID: 
PMCPMC1770895. 

32. Carlson AE, Westenbroek RE, Quill T, 
Ren D, Clapham DE, Hille B, et al. CatSper1 
required for evoked Ca2+ entry and 
control of flagellar function in sperm. Proc 
Natl Acad Sci U S A. 2003;100:14864-8. 
doi: 10.1073/pnas.2536658100. PubMed 
PMID: 14657352; PubMed Central PMCID: 
PMCPMC299831. 

33. Alasmari W, Barratt CL, Publicover SJ, 
Whalley KM, Foster E, Kay V, et al. The clinical 
significance of calcium-signalling pathways 
mediating human sperm hyperactivation. 
Hum Reprod. 2013;28:866-76. doi: 10.1093/
humrep/des467. PubMed PMID: 23406974; 
PubMed Central PMCID: PMCPMC3600839.

34. Aitken RJ, Paterson M, Fisher H, 
Buckingham DW, van Duin M. Redox 
regulation of tyrosine phosphorylation in 
human spermatozoa and its role in the 
control of human sperm function. J Cell Sci. 
1995;108 (Pt 5):2017-25. PubMed PMID: 
7544800.

35. Dona G, Fiore C, Andrisani A, Ambrosini G, 
Brunati A, Ragazzi E, et al. Evaluation of 
correct endogenous reactive oxygen species 
content for human sperm capacitation 
and involvement of the NADPH oxidase 



 CatSper and NOX5 affect sperm activity

Iran J Med Sci January 2018; Vol 43 No 1 25

system. Hum Reprod. 2011;26:3264-73. 
doi: 10.1093/humrep/der321. PubMed 
PMID: 21940394.

36. de Lamirande E, Gagnon C. Capacitation- 

associated production of superoxide 
anion by human spermatozoa. Free 
Radic Biol Med. 1995;18:487-95. PubMed 
PMID: 9101239.


