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Expression of Sperm-specific Cation Channel CatSper in
Human Spermatozoa

Kang Woo Cheon', Yeong Jin Choi’, Hye Kyung Byun', Ji Young
Hong', Hyung Ki Choi’, Ju Tae Seo’

From the 'Laboratory of Reproductive Biology and Infertility, *Department of
Urology, Samsung Cheil Hospital, Sungkyunkwan University School of Medicine
and “Department of Urology, Yonsei University College of Medicine, Seoul, Korea

Purpose: We aimed to elucidate the expression and intracellular locali-
zation of sperm-specific cation channel CatSper in human spermatozoa.
Moreover, the relationship between the expression of CatSper mRNA and
the motility of ejaculated human spermatozoa were investigated.
Materials and Methods: Using cDNAs extracted from the ejaculated
sperm of patients (n=39), the expression of CatSper mRNA was observed
by RT-PCR. Semi-quantitative analysis of the CatSper mRNA expression
was performed by comparing with the expression of GAPDH mRNA. To
elucidate the expression and intracellular localization of CatSper protein,
double fluorescent immunocytochemistry for CatSper and p-tubulin was
performed.

Results: The CatSper mRNA was expressed in all of the sperm samples.
Using semi-quantitative analysis for the amount of CatSper mRNA
expression, no significant difference was found between the normozoos-
permia and asthenozoospermia groups (1.5£0.6 vs. 1.4+0.6, p=0.623).
Polyclonal antiserum, generated against a recombinant protein of the
N-terminal 160 amino acids of human CatSper, was used. In double
fluorescent immunocytochemistry, CatSper protein was found to be ex-
pressed in the flagellum of the ejaculated human spermatozoa, and
localized in the connecting piece, mid-piece and principal piece, with the
exception of the end piece of the flagellum. Moreover, the proportion of
CatSper-positive sperm was similar in both the normozoospermia and
asthenozoospermia groups.

Conclusions: To the best of our knowledge, this is the first time ejaculated
human spermatozoa have been shown to express the mRNA and protein
of CatSper. The results of our RT-PCR and immunocytochemistry suggest
that CatSper may play a role in the motility of ejaculated human
spermatozoa. (Korean J Urol 2004;45:365-372)

Key Words: Spermatozoa; Sperm motility; Catsper protein, human; RT-
PCR, Immunocytochemistry
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Table 1. Sequences of PCR primers used in this study

Target Size of * . .
<DNA fragment F/R Sequence of oligonucleotide

F-o 5’-TCTTTTGGCTCCAGAGTTCC-3’
CatSper 2373bp

R-o 5’-TCAATTCCTGAAGTCCTCTT-3’
CatSper 529b F-i 5’-GGGAATTCCATATGGATCAAAACTCAGTGCCTGAAAAGGC-3’

atSpe
P P R-i 5’-CCGCTCGAGGGATAAATTCTCACCGAGATATTGGGG-3’
GAPDH 330b F 5’-CGGAGTCAAAGGATTTGGTCGTAT-3’
P R 5’-AGCCTTCTCCATGGTGGTGAAGAC-3’

* F: forward primer, R: reverse primer, -o: outer, -i: inner, GAPDH: glyceraldehyde-3-phosphate dehydrogenase

Aol H7}s &, DNA thermal cyclerE ©]-83}o] PCRS
skt 22k PCR 272 flollA 71=g 13} 3344
sdstH, 72°C AZHA L 1% ¢ Fh&AL, & 5
44- S 373 HHESITE HE SEAMEL 2% agarose gel
A71GFA 73 UV ol A 522bpe] PCR AHE-S <13}
s A]§i¥E1 ZZ 9 CatSper®] RT-PCR AHEE2
H Ao F vlnsl7] 934 house keeping gene2]
Q1 glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gt RT-PCRE YT AEE AHEate] ¢33, 1
FS 7|F2 2 314 CatSpere] W YS EAM34T
CatSper mRNA 2&2EQ| U HEFA BM: Zhzbo] A5
23 5] CatSper mRNAY-S vl 13}7] $)8}e] ohg-3}
dl A akx o] HhH-S AR5 th WA CatSper RT-PCR
S 71935t UVstil A YE = band2] intensity S
Image analyser (Bio-Profil Image analysis software, Vilber
Lourmat, Cedex, France)E ©|-83} =433, GAPDHY]
RT-PCR 7t JA] 22 WS o] 838t SAsA 3 Al
FollA dojR F ZSAIOZ CatSper/ GAPDH«] H& S
StaL 7} AR oA ol o] A HES vl THF

MI

2 2 JH4 —E I oo
o&

Lmo.ﬁ

o

AN

]_

ol

ol
15

1y

rﬁ‘&

il

o2
e rlo N

4. A2 MXIolA CatSper THEHAIO| His| ZTA}

1) Anti-CatSper rabbit polyclonal antibody2| H|Z: A}gF
9] CatSper T @l 5] <] polyclonal antibodyE A2}k
7] g Fhom opmgt AME 1HFE 1608 7HA] ¢
polypeptideE A& T o] & 3l olv] $lolA AF3
WY E ZZ9 522bp9] CatSper cDNAZS A|3HE 2 Ndel
3} XholS o] &3t & £& A3}l pET-21a expression
vector (Novagen, Madison, USA)°ll 43} E. coli BL21
(DE3)°] FAS ASAA #LEE FEsAT A=
CatSper @A o] HAE 93 column NTA- chelating
agarose CL-6B (Peptron Inc., T &, 3+=) ImlS ©]-83} At}

100pge] HAE 39S SDS-PAGES ©]&314 E—QE}I’_,
Freund’s complete adjuvant®} ol B A 38}sle] 93 H New-
zealand White =9 E7|| 25 7+2 Oi 33] 43]——?/\]- z,
HEE QoA SHE Rejote] FEHOZE AHRSHAT

2) ¥ HAMESEY: 7‘31}/‘]3% Eetol=d
% 271% 100% gl A 1087 13
o gk PBSOl 1024 E7HF AT

4

Ll =13
q- =

ofr
-

AzxAZ
t}. °]3 100%
o]=+& WA 5% Normal goat serum, 1% Triton- X100
J7}8 PBS £ o] 27} 2o A 147 Fob vkE-A]
, CatSper 12} &S 1:1002] H]&Z PBS9} &35ty
oA 2417 FE §EE AT 1A} A whgo] By
Zelo| =2 7] 223 PBSE 1084 23] A At} 231 3
A 2= anti-rabbit sheep 1gG-Cy3 conjugate (c-2306, Sigma
Chemical Co, St Louis, USA)S A}-&3}dth. 231 A+
1:3009] ¥l &= PBSOl 3|43le] Agatglo). 23 A
S T AR v RE FAl @AE7] Hste] mF A
of EA3t= Btubulin T Fo] Fo]HQl anti-p-tubulin
mouse IgG-FITC conjugate (1:100 8] 4)E AL-&-3} AT} 24}
A 9F ptubulin FA = 4olA Ao 147 FF wF
SR o] F ETol=S ART PBSE 1084 23] Al
Attt A Ho g2 HAe) FHE AM5t7] 9fste 3
S 4A3s= DAPI (DAPI II, Vysis Inc. Downers Grove,
USA)$} mounting & %S 43014 &Elo]l = 30u 2 Ho
=y 3 A Sgol=E Q1 AN Gl A #E53
o} Z+zbe] g FALZ LS digital camera (Jenoptik, Jena Laser
optik systeme, Germany)2} image analysis softwareS ©]-&3}

of EAsd.

5 57 24

o
-‘.‘iiﬁ_&

ox Y oy
o ot o

1

A A7 2 22 GraphPad Prism, version 3.0 for
windows ZZ 1S o] &3t om, SHFE Aol A
Ao g 93t ztel7) JEAE AS3H7] H15He] Student’s



368 oHEtH|w7|mbsts|X| M 45 K 45 2004

t-test®} Chi-square testE HAISIATH 2 SHFRES P+
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Table 2. Results of semen analysis by CASA and viability test
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Normozoospermia

Asthenozoospermia

Parameter (n=18) (n=21) p value
Age (yr) 34.4+4.4 33.613.7 NS
Semen volume (ml) 3.5%1.6 3.2£1.7 NS
Semen pH 7.1£0.3 7.3+0.3 NS
Sperm concentration(xlos/ml) 126.5+45.4 89.9+44.1 0.015
Motility (%) 76.618.3 30.5+£11.9 <0.0001
Viability (%) 72.7+10.2 51.0+14.4 <0.0001
Motility/viability ratio 1.1+0.1 0.6%0.2 <0.0001
Forward progressiveness 2.3+0.3 1.7+0.5 <0.0001
0-1(%) 229+12.3 41.5+24.9 0.007
1-2 (%) 20.4£5.9 20.2+16.3 NS
2-3 (%) 48.8+16.3 37.9422.5 NS
3-4 (%) 8.0+8.0 0.6+1.7 0.0002
Values are mean*SD. NS: not significant
Table 3. Analysis of sperm morphology in normozoospermia and asthenozoospermia
Paramete (%) Nomezoespernia Asthenczoospermi p vale
Morphological normality 70.1+16.8 67.9+14.5 NS
Round head 6.7+9.1 2.9+5.5 NS
Small head 0.1£0.3 0.2£0.5 NS
Large head 0.2+0.4 1.0+1.1 0.012
Amorphous head 7.1£7.1 6.615.9 NS
Precursors 4.1+55 1.8+2.3 NS
Tapering head 3.1+2.1 4.4+4.8 NS
Double head 0 0 -
Coiled tail 8.4%8.3 15.2+8.7 0.018
Double tail 0 0 -

Values are mean=SD. NS: not significant
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M 1 2 3 4 5 6 7 8

<— CatSper
(522bp)

<« GAPDH
(330bp)

M: 100-bp ladder DNA size marker.
1-4: mormozoospermia, 5-8:asthenozoospermia.

Fig. 1. Nested RT-PCR analysis for CatSper mRNA express- ed
in the ejaculated human spermatozoa.
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(p=0.14).
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Fig. 2. Semi-quantitative analysis of CatSper mRNA expression in
normozoospermia and asthenozoospermia.
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Fig. 3. Fluorescent immunocytoche-
mistry for CatSper and B-tubulin of
human spermatozoa in normozoos-
permia (A-F) and asthenozoo- sper-
mia (G-H). A. CatSper (red), B. §
-tubulin (green), C. DAPI (blue), D
merge A with B (orange), E. merge
C with D (x200), F. 2-fold magni-
fication of white box in E, G. merge
CatSper, [-tubulin and DAPI in
asthenozoospermia, H. 2-fold magni-
fication of white box in G. White
arrows indicate the end piece without
CatSper immunore- activity.
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