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研究成果の概要（和文）：GWRQは、野生型マウス精子を活性化したが、ノックアウト・マウスの精子は活性化しなかっ
た。次にEBGを用いて、インフォームドコンセントを得て採取したヒト精子を処理すると、c-AMPおよびカルシウム流入
を増加させ、精子の運動能を亢進できることが判明した。また、質量分析で、精子に関与するポリラクトサミンが硫酸
化されフコシル化されていることを明らかにした。さらに、EBG処理前後の精巣上体の免疫組織化学でポリラクトサミ
ンが上皮細胞から精液へ分泌されることも確認した。
現在、精子運動を活性化することにより受精率を改善する方法がない。本研究で明らかになった成果は、IVF-ETに活用
でき臨床応用が期待できる。

研究成果の概要（英文）：GWRQ enhanced motility of spermatozoa from wild type but not trophinin null mice. 
CASA showed that GWRQ enhanced both progressive motility and rapid motility in wild type mouse sperm.
FGF and their receptors are expressed in a variety of mammalian tissues, playing a role in development 
and cell proliferation. While analyzing human sperm motility, we found that sperm treated with EBG, which 
specifically polyLacs, enhanced motility. Mass spectrometry analysis revealed that sperm-associated 
polyLacs are heavily fucosylated, consistent with Lewis Y antigen. Immunohistochemistry of epididymis 
using an anti-Lewis Y antibody before and after EBG treatment suggested that polyLacs carrying the Lewis 
Y epitope are synthesized in epididymal epithelia and secreted to seminal fluid. EBG-treated sperm 
elevated cAMP levels and calcium influx, indicating activation of fibroblast growth factor signaling. 
Seminal fluid polyLacs bound to FGFs in vitro, and impaired FGF-mediated signaling in HEK293T cells.

研究分野： 生殖医療、婦人科腫瘍

キーワード： 生殖医学　トランスレーショナル・リサーチ

  １版



様	 式	 Ｃ－１９、Ｆ－１９、Ｚ－１９（共通）	 	 

 
230 

 

 
 

 
 

  
(1) 

“ ”

GWRQ

GWRQ
Fluorescence 

micrograph 1 *Hatakeyama S, 
Sugihara K, et al. J Urol., 180, 767-771, 2008.

GWRQ

ATPase

 GWRQ
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(2) 

glycans

*

Endo-β-galactosidase EBG

 
 

 
(1) 

 GWRQ CASA
computer assisted sperm analyzer

 
(2) 
EBG

 
 

 
(1)  

GWRQ

GWRQ

CASA (computer assisted 
sperm analyzer)

GWRQ

GWRQ
(Park 

SK, Sugihara K, et al., Reprod Biol Endocrin. 
101(10): 1-7 29) 
 
(2)  

-β

“ AMP ” “



”
3  

sulfated
fucosylated

-β

FGFR2 HEK293T
FGFR2

HEK293T FGF FGF
FGFR2

-β FGF

FGFR2 EGF
( 4)

(Sugihara K, et al., FEBS Lett. 587: 3195-3201.)

(IVF-ET)  

５．主な発表論文等 

（研究代表者、研究分担者及び連携研究者に
は下線）	 
 

1.  Fdukuda MN, Sugihara K: Trophinin in cell 
adhesion and signal transduction. 
Front Biosci (Elite Ed) 4:342-350. 2012. 

 
2.  Fdukuda MN, Sugihara K: Cell adhesion 

molecules in human embryo implantation.  
Sheng Li Xue Bao 25;64(3):247-258. 2012. 

 
3.  Fdukuda MN, Shingo Hatakeyama, Sugihara 

K.: Frontier in tumor glycobiology. 
Carbohydrate mimetic peptides as research 
reagent and therapeutic. 
Biol. Pharm. Bull 35(10) 1626-1632. 2012. 

 
4. Kato M, Itoh H, Nagahashi K, Izima M, 

Yaguchi C, Uchida T, Suzuki K, Sugihara K, 
Kanayama N: Reduction in Levels of 
Maternal Complements during Delivery by 
Cesarean Section. 

 J Obstet Gynaecol Res 38(1):165-71. 2012. 
 
5. Suzukin K, Itoh H, Muramatsu K, Yamazaki 

K, Nagahashi K, Furuta N, Tamura N, Uchida 
T, Sugihara K, Sumimoto K, Kanayama N:  

 Transient ligation of umbilical vessels 
elevates placental tissue oxygen index(TOI) 
values measured  by near-infrared 
spectroscopy (NIRS) in clawn miniature pig 
animal model. 

 Clin Exp Obstet Gyn 39 (3):293-298. 2012. 
 
6.  Furuta N, Yaguchi C, Itoh H, Morishima Y, 

Tamura N, Kato M, Uchida T, Suzuki K, 
Sugihara K, Kawabata Y, Suzuki N, Sasaki T, 
Horiuchi K, Kanayama N: 

 Immunohistochemical Detection of 
Meconium in the Fetal Membrane, Placenta 
and Unbilical Cord. 

 Placenta 33(1):24-30. 2012.  
 
7. Horikosi Y, Itoh H, Kikuchi S, Uchida T, 

Suzuki K, Sugihara K, Kanayama N, Mori A, 
Uemoto S: Successful living donor liver 
transplantation for fulminant hepatic failure 
that manifested immediately after cesarean 
delivery. 

 ASAIO JOURNAL 58(2): 174-176. 2012. 
 
8. Shibata TK, Matsumura F, Wang P, Yu S, 

Chou CC, Khoo KH, Kitayama K, Akama TO, 
Sugihara K, Kanayama N, Kojima-Aikawa K, 
Seeberger PH, Fukuda M, Suzuki A, Aoki D, 
Fukuda MN: Identification of mono- and 
di-sulfated N-acetyl-lactosaminyl 
oligosaccharide structures as epitopes 
specifically recognized by humanized 
monoclonal antibody HMOCC-1 raised 
against ovarian cancer. 

 J Biol Chem 287(9):6592-6602. 2012. 
 
9. Park SK, Yoon J, Wang L, Shibata TK, 

Motamedchaboki K, Shim KJ, Chang MS, 
Lee SH, Tamura N, Hatakeyama S, Nadano D, 
Sugihara K, Fukuda MN. 
Enhancement of mouse sperm tail motility by 
trophinin-binding peptide. 
Reprod Biol Endocrin 101(10): 1-7 29 2012. 



10. Ozawa H, Asahina T, Murakami H, Yaguchi 
C, Kohmura Y, Kohno E, Hirano T, Horiuchi 
K, Tamura N, Sugihara K, Ooi H, Kanayama 
N: 
Zinc Coproporphyrin I derived from 
meconium has an antitumor effect associated 
with singlet oxygen generation. 
Fetal Digan Ther 33(2):90-97. 2013. 

 
11. Yamazaki K, Suzuki K, Itoh H, Muaramatsu 

K, Nagahashi K, Tamura N, Uchida T, 
Sugihara K, Maeda H, Kanayama N: 
Cerebral oxygen saturation evaluated by 
near-infrared timeresolved 	 spectroscopy 
(TRS) in pregnant women duringcesarean 
section –A promising new method of 
maternal	 monitoring - 
Clin Physiol Funct I 33(2):109-116 2013. 

 
12. Kohmura YK, Kanayama N, Muramatsu K, 

Tamura N, Yaguchi C, Uchida T, Suzuki K, 
Sugihara K, Aoe S, Sasaki T, Suganami T, 
Ogawa Y, Itoh H: 

 Association between body weight at weaning 
and remodeling in the subcutaneous adipose 
tissue of obese adult mice with 
undernourishment in utero. 
Reprod Sci 20(7):813-27. 2013. 

 
13. Suzuki-Anekoji M, Suzuki A, Wu SW, 

Angata K, Murai KK, Sugihara K, Akama TO, 
Khoo KH, Nakayama J, Fukuda MN, Fukuda 
M. : 

 Regulation of steroid hormones by HNK-1 
Chst10 in vivo in the mouse. 
J Biol Chem 288(7): 5007-5016 2013.

  
 
14. Kubota K, Itoh H, Tasaka M, Naito H, 

Fukuoka Y, Muramatsu K, Kohmura KY, 
Sugihara K, Kanayama N: 
Changes of maternal dietary intake, body 
weight and fetal growth through pregnancy in 
pregnant Japanese women. 
J Obstet Gynaecol Res 39(9):1383-1390 
2013. 

 
15. Sugihara K, Shibata TK, Takata K, Kimura T, 

Kanayama N, Williams R, Hatakeyama S, 
Akama TO, Kuo CW, Khoo KH, Fukuda 
MN: 
Regulation of human sperm motility by 
polylactosamines derived from seminal fluid. 

FEBS Lett 587(2013): 3195-3201. 2013. 
 
16. Hatakeyama S, Shibata TK, Tobisawa Y, 

Ohyama C, Sugihara K, Fukuda MN.: Tumor 
targeting by a carbohydrate ligand-mimicking 
Peptide. 
Methods Mol Biol 1022:369-86. 2013. 

17. Muramatsu-Kato K, Itoh, H, Kohmura Y, 
Murakami H, Uchida T, Suzuki K, Sugihara 
K, Kanayama N: A Comparison between 
Placental Gene Expression of 
11βHydroxysteroid Dehydrogenases and 
Infantile Growth during at Ten Months. 
J Obstet Gynaecol Re 40(2):465-72. 2014. 

 
18. Tamura N, Kimura S, Farhana M, Uchida T, 

Suzuki K, Sugihara K, toh H, Ikeda T, 
Kanayama N: 
C1 esterase inhibitor activity in amniotic fluid 
embolism  
CRIT CARE MED 42(6):1392-6. 2014. 

 
19. Sugihara K, Kobayashi Y, Suzuki A, Tamura 

N, Motamedchaboki K, Huang C-T, Akama 
TO, Pecotte J, Frost P, Bauer C, Jimenez JB, 
Nakayama J, Aoki D, Fukuda MN: 
Development of pro-apoptotic peptides as 
potential therapy for peritoneal endometriosis. 
Nature commun 22;5:4478(:1-9) 2014. 

	 
22  

1. Misa Suzuki-Anekoji, Toshiaki K. Shibata, 
Jun Nakayama, Tomoya O. Akama, Kazuhiro 
Sugihara,Minoru Fukuda and Michiko N. 
Fukuda 
Targeted drug delivery to tumor vasculature 
by the IF7 peptide in mouse glioma model. 
Joint meeting of the Society for Glycobiology 
and the American Society for Matrix Biology. 
2012 11 11 2012 11 14 San 
Diego, CA. USA 

 
2.  

“IF7”
 

BioJapan 2012. World Business Forum. 
2012 10 10 2012 10 12
Pacifico Yokohama,  

 
3.  

mimic

 
16  

2012 06 27 2012 06 29
, ,  

 
4.  

mimic

 
2012

 
 

2012 12 07 ,  
 
5.  



mimic IF7
 

42  Medical Photonics Seminar 
 

2012 09 07 ,  
 
6. 

 

 
2012 04 13 2012 04 15

,  
 
7.  

mimic IF7

 
28 DDS 2012 07 04

2012 07 05
, ,  

 
8. 

 
HMOCC-1

N-
 

2012 06 22 2012 06 23
,  

 
9. 

 
HMOCC-1

 
50 2012 10

25 2012 10 27 , 
,  

 
10.    

   
 C1 

 
65

2013 05 10 2013 05 12
 

 
11. ShibataTK, Sugihara K, Fukuda MN, Suzuki 

A, Kanayama N, Aoki D 
Identification of sulfated 
N-acetyl-lactosaminyl oligosaccharide 
structures as epitopes recognized by 
humanized monoclonal antibody HMOCC-1 
raised against ovarian cancer. 

65
2013 05 10 2013 05 12

 
 
12. 

 

 
31

2013 08 08 2013 08 09
 

 
13.  

mimic

 
11 2013
08 29 2013 08 31

 
 
14.  

 
BioJapan 2013 World Business Forum 2013

10 09 2013 10 11
 

 
15.  

IF7  
BioJapan 2013 World Business Forum

2013 10 09 2013 10 11
 

 
16.  

 
5  Japan Endometriosis Forum

2013 11 02 2013 11 02
 

 
17. Misa Suzuki-Anekoji, Jiunn-Chern Yeh, 

Motohiro Nonaka, Toshiaki K. Shibata, Jun 
Nakayama, Tomoya O. Akama, Kazuhiro 
Sugihara, Minoru Fukuda, Michiko N. 
Fukuda 
Targeted drug delivery to brain tumor 
vasculature by carbohydrate mimetic peptide 
in mouse glioma model. 
The 2013 Annual Conference of the Society 
for Glycobiology  2013 11 17 2013

11 20  
 
18. Shingo Hatakeyama, Toshiaki K. Shibata, 

Yuki Tobisawa, Chikara Ohyama, Kazuhiro 
Sugihara,and Michiko N. Fukuda 
Humana Press, Inc. Molecular Biology 
Research Materials. 2012. St.Petersburg 
Florida, USA 

 
19. Sugihara K, Shibata TK, Akama TO, Kuo 

C-W, Khoo K-H, Fukuda MN 
Attenuation of fibroblast growth factor 
signaling by poly-N-acatyllactosamine type 
glycans implicated to human sperm motility. 



The 2013 Annual Conference of the Society 
for Glycobiology  2013 11 17 2013

11 20 St.Petersburg Florida, USA 
 
20. 

 

 
66

2014 4 18 2014 4 20  
 
21.  

 
59  2014
12 4 2014 12 5  

 
22. Shibata T, Sugihara K, Kanayama N 

Attenuation of fibroblast growth factor 
signaling by poly- N- acatyllactosamine type 
glycans implicated to human sperm motility. 
62nd Annual Meeting of the Society for 
Reproductive Investigation (SRI). 2015 3
25 2015 3 28 San Francisco, 
California. USA 

	 
4  

1. Shingo Hatakeyama, Toshiaki K. Shibata, 
Yuki Tobisawa, Chikara Ohyama, Kazuhiro 
Sugihara,and Michiko N. Fukuda 
Humana Press, Inc.Molecular Biology 
Research Materials. 2012 

 
2.  

181-187 2012. 
 
3. 

 
2013. 

 
4. FukudaMN, Sugihara K, Akama TO 

SpringerReference. Handbook of 
Glycosyltransferases and Related Genes. 
2014. 

	 
 

○ 1  
 

 
 

 
  
 2012-206711 

 
24 9 20  

 
 

 26  
 
 

 
 

 
1.  

http://www.hama-med.ac.jp/uni_introduction_r
eport_souran_07161504.html 

2. 
 

http://www.hama-med.ac.jp/uni_topics_201302
2html	 

 
 

(1)   
SUGIHARA, KAZUHIRO  

 
00265878 

 
(2)  

KANAYAMA, NAOHIRO  
 

70204550 
 


