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species with scrota species without scrota

Testicles are cooled in mammlians



Spermatogenesis defect at a high temperatures in the body core

Spermatogenesis defect leaving 
undifferentiated spermatogonia only

GFRα1 KIT SCP3SCP3

body core
38°C

scrotum
34°C

artificial cryptorchidsm

stem primed TA-cells meiosis haploid

spermatogonia spermatocytes spermatids
undifferentiated differentiating  

Cryptorchidism
Temperature?



Question
Which steps of spermatogenesis is impaired in high 
temperatures, and how?

Limits
In previous studies, testis temperature cannot be 
measured or controlled. 
Extratesticular factors cannot be excluded
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Temperature and cryptorchidism



Sato et al. Nature 2011

ex vivo organ culture of the testis

testicular explant
in air-liquid 

interface

Takehiko Ogawa
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Heat-induced spermatogenesis failure ex vivo

30°C 40°C

Hirano et al., Communications Biology (2022)
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Hirano et al., Communications Biology (2022)
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Complete spermatogenesis : 32-35°C

spermiogenesis: 35-36°C

meiosis completion: 36-37°C

meiotic prophase I: 37-38°C

Temperature dependence of spermatogenesis defects
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Hirano et al., Communications biology 2022
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Complete spermatogenesis : 32-35°C

spermiogenesis: 35-36°C

meiosis completion: 36-37°C

meiotic prophase I: 37-38°C

No temperature ex vivo mimics
the defect in cryptorchidism.

Temperature dependence of spermatogenesis defects

Cryptorchid



Other mechanisms in addition to high temperature? 



Cryptorchidism and Vitamin A deficiency 

Cryptorchid testis 

GFRα1 KIT SCP3SCP3

stem primed TA-cells meiosis haploid

spermatogonia spermatocytes spermatids
undifferentiated differentiating  

Cryptorchidsm

Vitamin A deficiency

Vitamin A deficiency = 
RA signal suppression



Retinoic acid and spermatogenesis

A1 A2 A4A3 In B PL L Z DP M RT ET ZoaAundiff

分化型
精原細胞 精⺟細胞 精⼦細胞 精⼦減数分裂

未分化型
精原細胞
= 幹細胞

stem cell
commitment

meiosis 
entry

RA

late
pachytene

Sugimoto et al., Mech Dev 2012

Rdh



Y. Nonami, K. Hirano, unpublished

1 day 5 day 7 day

operation

pre

Post-operation changes in RA content



Oil

Rol

DNA Stra8 KIT

Cryptorchid (8 wo)  à Vitamin A injection

RA activation in cryptorchid mice

Stem cell commitment (Kit– to Kit+) can be induced by RA in cryptorchid testis

Commitment defect is not due to high temperature, but RA signal suppression



Rdh

Enzyme RNA expression after operation

Rdh Aldh1a Cyp26



l Multiple steps of spermatogenesis can be affected by “body 
temperature”

l Meiosis is affected by high temperature, through DSB repair 
impairment and asynapsis

l Damaged spermatocytes are eliminated by meiotic checkpoint

l Retinoic acid level is decreased in cryptorchid testis

l RA signal activation restores stem cell commitment in 
cryptorchid testis 

Take home message

17



Kodai Hirano

Yokohama City University 
Takehiko Ogawa, Takuya Sato

Kumamoto University
Kei-ichiro Ishiguro

Nagoya University 
Takashi Yoshimura, Yasushige Ohmori

NARO
Takahiro Tagami

NBRP Qual
Yoichi Matsuda, Kanji Matsuda, 
Mitsuo Nunome

NCGHM/University of Tokyo
Daisuke Hishikawa, Suzumi Tokuoka, 
Katsuyuki Nagata, Hideo Shindou, 
Takao Shimizu

Contributors

Yuta Nonami (ex)
Yoshiaki Nakamura (ex)

Toshiyuki Sato

Division of Germ Cell Biology, NIBB

18





Air sac

testis

body core︓42 °C

Birds have tested in the abdomen

air sac

testis

Are birdsʼ testes cooled, and how much?
Are birdsʼ spermatogenesis damaged by heat?
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Testes

Air sacs cool the quail testes by 0.3°C

But, spermatogenesis progress at 42°C

21



Spermatogenesis undergoing at low temperature

Gain of endothermy
Testis-cooling machinery

scrotum, gubernaculum, counter-current
陰嚢 精巣導帯 対向流

Meiotic checkpoint

Only sperm developed under 
low temperatures fertilize

Spermatognesis undergoing 
at high temperature

AvianMammalian

Unknown mechanisms 
of adaptation

Hypothesis Ancestral amniotes
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• What is the molecular mechanism of heat sensitivity?

– Why can female meiosis progress in high temperature? 
– Why can avian spermatogenesis progress in high temperature?

Future questions 

ovary
Air sac

testis

body core︓42 °C

42°C 
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