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研究成果の概要（和文）：PBKは精巣でのみ発現する遺伝子であり、そのKOマウスを作製し精巣における役割を
調べた。KOマウスの精巣の重量、精細管の直径、精巣上体の精子数、生存率、精子の形態、精子の受精能、受精
後の卵母細胞の発生能はWTと差異がなかった。タンパク発現解析の結果、P-P38発現レベルがWTに比べ、KOマウ
スで増加していた。しかしながら、アポトーシス、細胞増殖、精原細胞、精原幹細胞、減数分裂細胞に特異的な
タンパクの発現レベルはKOマウスとWTの精巣で同程度だった。結論として、PBK遺伝子の消失は雄マウスの妊性
に全く影響を及ぼさず、これは精巣内の何らかの他のキナーゼがPKBを補完するためであると考えられる。

研究成果の概要（英文）：PBK expression is exclusively detected in the testis of adult males. 
However, its role in testis remains elusive. To investigate, PBK knockout (KO) mice were generated. 
Parameters such as testis, epididymis, seminal vesicle weights, tubular diameter, litter size, 
epididymal sperm number, percentage of viable and morphologically normal sperm did not differ 
between the KO and wild type (WT) mice (P > 0.05). Fertilization competence of sperm of KO mice and 
oocyte development competence post-fertilization was comparable to WT mice. Protein expression 
analysis showed that P-P38 expression was elevated in KO mice as compared to WT mice (P < 0.05). 
However, expression of apoptosis, cell proliferation, spermatogonia, spermatogonial stem cell and 
meiotic cell -specific proteins were comparable between KO and WT mice testis (P > 0.05). In 
conclusion, deletion of PBK gene has no effect on the fertility of male mice possibly due to 
compensation of loss of PBK by some other kinase in the testis. 

研究分野： Reproductive biology

キーワード： testis　spermatogenesis　protein kinase　gene knockout

  ２版

令和

研究成果の学術的意義や社会的意義
PBK is a cancer-testis antigen expressed exclusively in adult testis and in highly metastatic 
tumors. Since its role in testis remains unknown, we hypothesized that PBK may have a critical role 
in male fertility. Results show that PBK is dispensable for fertility in males.



様 式 Ｃ－１９、Ｆ－１９－１、Ｚ－１９、ＣＫ－１９（共通） 
１． 研究開始当初の背景 
PDZ-binding kinase/T-LAK cell-originated protein kinase (PBK/TOPK), a serine-threonine protein 

kinase, functions as mitogen-activated protein kinase kinase (MAPKK) to activate p38 MAPK. 

PBK expression has been shown to be upregulated in lymphomas and myelomas and in primary 

hematological neoplasms. Overexpression/activation of PBK promote tumor cell proliferation and 

poor survival of patients with squamous cell carcinoma. On the contrary, suppression of PBK 

expression leads to significant suppression of tumor cell growth. The MAPK pathways are also 

known to be involved in germ cell development such as sex determination, spermatogenesis, cell 

cycle progression, apoptosis, and acquisition of sperm motility, sperm capacitation, and acrosome 

reaction. In normal adult organs, PBK is exclusively expressed in the testis, mainly in proliferating 

spermatocytes.  

２． 研究の目的 

Since PBK is expressed exclusively in the testis in the normal adult, it is likely that PBK may have 

a critical role in spermatogenesis. Therefore, the objective of the present project was to decipher the 

precise role of PBK in the testis and how its absence can influence male fertility.  
３． 研究の方法 

a) Generation of PBK knockout (KO) mice 
Using CRISPER/Cas9 nuclease system, PBK KO mouse lines were established. The PBK KO mice 

were produced in collaboration with Dr. Tsuyoshi Koide, NIG, Mishima. Exon 3 of the PBK gene 

was targeted for a mutation in the KO mice 

b) Fertility analysis of PBK KO mice 

Adult PBK KO male mice were mated with wild type (WT) females and litter size were determined. 

Testis, epididymis and seminal vesicle weights were determined. Epididymal sperm was analyzed 

for number, viability and morphological defects. In vitro fertilization (IVF) with sperm from PBK 

KO mice were also investigated. 

c) Protein expression profile of PBK KO mice 

Protein isolated from PBK KO mice was analyzed for the expression of cell proliferation, 

spermatogenic cell, and apoptosis-specific proteins. Testis was also analyzed for expression of 

kinases (total and phosphorylated) such as P38, ERK, JNK, and MEK proteins. 

4. 研究成果 

a) PBK KO mice line could be established  

Two independent PBK KO mouse lines were generated with 5 bp and 35 bp deletion respectively in 

the exon 3 of PBK gene. Both lines showed the absence of PBK protein expression from testis (Fig. 

1).  

b) PBK KO mice are fertile  

Adult PBK KO mice showed no significant difference in testis, epididymis and seminal vesicle 

weight as compared to adult WT mice. Sperm concentration, litter size, viability, and morphology 

were also similar to adult WT mice. IVF experiment showed that the fertilization competence of 

sperm of PBK KO mice and development competence of oocytes post-fertilization was similar to 

WT mice (Table 1).  

 



 

 
 
 
 
 
 
 
 
 
 

 

 

 

c) Expression of cell proliferation, spermatogonia, spermatogonial stem cell, and 

meiosis-specific proteins was unchanged 

The expression of PCNA, UCHL1, GFRA1 and SCP3 proteins in the testis of PBK KO mice 

was comparable to WT mice (Fig. 2). 

 

 

 

 

 

 

 

 
 

d) Expression of kinases was altered in PBK KO mice 

Although the expression of total kinases (P38, ERK, JNK, and ERK) was not affected, loss of PBK 

leads to significantly enhanced expression of activated P38 (P-P38) protein (Fig. 3). However, 

expression of activated ERK (P-ERK) and activated JNK (P-JNK) was downregulated in KO mice 

testis. On the contrary, expression of activated MEK (P-MEK) was upregulated in KO mice testis. 

Since PBK functions as the upstream kinase that activates P38 signalling, an increased expression 

of P-P38 is intriguing in the KO mice testis. It is quite likely that upregulation of P-MEK may be 

compensating for the loss of PBK.  

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

e) Conclusions 

In conclusion, loss of PBK protein expression is not lethal for mice and it does not affect the 

fertility of male mice. It is quite likely that the loss of PBK is compensated by overexpression of 

other kinases (eg. MEK). However, further investigations are warranted.  
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