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The Beginning of My Research Journey

(Toyooka Y, Noce T, et al., PNAS, 2003）

• Established ES cells with GFP or lacZ 
knock-in at the Mvh gene locus, 
specifically expressed in germ cells

Formed embryoid bodies
↓
sorted GFP-positive cells
↓
transplanted them into testes
↓
successfully induced donor-
derived spermatogenesis



Graduate School Research

PGC differentiation varies 
with glucose levels
in culture medium
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Identified candidate 
genes involved in germ 
cell development 
using subtraction method



Graduate School Research

(Mizuno K, Noce T, et al., Mol Reprod Dev, 2006）



Postdoctoral Research

46,XX testicular DSD 
(disorders of sex development)

• Gonads are testes, with male internal/external genitalia and 
secondary sexual characteristics, despite 46,XX karyotype
(de la Chapelle et al, 1964）

• Incidence: 1 / 20,000–25,000 births
• 80%: Translocation of SRY gene to X chromosome
• 10%: Associated with hypospadias

To elucidate the mechanism of testis development, 
1. Elucidation of genes specifically expressed in XX male testes

2. Genome-wide analysis of common mutations in XX males

Our case #1



Postdoctoral Research

XX testis (2y7m), SRY negativeXY testis (2y5m)

(x 1000, H-E stain)

• Testicular tissue obtained by intraoperative biopsy
• Subtraction method

(Mizuno K, Kojima Y, Hayashi Y, et al., Urology, 2013）

In the XX SRY- testis
Up-regulated：14 genes
Down-regulated：7 genes

ROCK1 gene

expressed in germ and Sertoli cells



Postdoctoral Research

(Mizuno K, Kojima Y, Hayashi Y, et al. J Urol, 2014）

• Four patients with 46,XX testicular DSD 
(SRY-negative)

• Array CGH using genomic DNA extracted 
from peripheral blood

• Normal female (46,XX) reference data used 
as control

• Identified a common copy number gain near 
the SOX3 gene in 4 cases

• SOX3 pathway, independent of SRY, involved 
in testis development



Nagoya castle



Basic research on cryptorchidism

Biphasic descent of the testis

(Kojima Y, Mizuno K, Hayashi Y, et al. Urology, 2009)

K: kidney, B: bladder, T: testis
P: penis, S: scrotum 

androgen independent

androgen dependent



Basic research on cryptorchidism

(Mizuno K, Hayashi Y, Kojima Y et al. Int J Urol, 2007)

Pregnant S-D rat

2.5 - 15mg/body
Flutamide (d14-20)

Birth

Testes Evaluation

Model 
Rat

Control Model

Control Undescended

• Established an animal model of cryptorchidism by 
anti-androgen exposure during fetal period

• High incidence of undescended testes with enhanced 
germ cell apoptosis and reduced seminiferous tubule 
diameter

Control Control

2.5mg 5mg

7.5mg 15mg

Control Control

2.5mg 5mg

7.5mg 15mgControl Control

2.5mg 5mg

7.5mg 15mg

Incidence rate (7.5mg/body):
unilateral 74.2%, bilateral 19.4%



Basic research on cryptorchidism

(Mizuno K, Hayashi Y, Kojima Y et al. J Urol, 2008）

Orchiopexy for model 
rats at 4-7 weeks old

Evaluation of testicular tissues at 10 weeks old

Control No surgery

7w

５w4w

• Orchiopexy reduces testicular tissue damage
• Earlier surgery further minimizes tissue damage
• Early orchiopexy brings beneficial effects to 

testicular tissue



Basic research on cryptorchidism

(Kamisawa H, Kojima Y, Mizuno K et al. J Urol, 2012）

Time-course analysis of testicular tissue in a 
cryptorchidism model using UTF1 as a germ cell marker

HE Control
(only vehicle)

descended
testis

undescended
testis

(day 9)

【UTF1 immunohistochemistry】

(＊: gonocytes, ︓UTF1(+) spermatogonia, 
︓UTF1(-) spermatogonia）

• Delayed differentiation from 
gonocytes to type A spermatogonia 
in the cryptorchidism model



Basic research on cryptorchidism

Control descended undescended

(Nishio H, Hayashi Y, Mizuno K et al. J Urol, 2014）

up-regulated︓
24 genes

Kdm5a

control
descended
undescended

Kdm5a 
expression

(day)

Microarray analysis

• Upregulated Kdm5a expression in cryptorchid testes
• Kdm5a also expressed in germ cells
• H3K4 histone modification may affect SSC 

differentiation



Basic research on cryptorchidism

(Moritoki Y, Hayashi Y, Mizuno K et al. J Urol, 2014）

• Reduced expression of miR-135a in 
cryptorchid testes

• miR-135a suppresses FOXO1 expression
• FOXO1-positive SSCs significantly decreased 

in cryptorchid testes



Basic research on cryptorchidism

(Kato T, Mizuno K, Nishio H et al. Andrology, 2020）

Control Descended Undescended

• Disorganization of CLDN-11 in BTB (blood 
testis barrier) of cryptorchid testes

• Failure of BTB formation at puberty
• Induction of germ cell apoptosis



Basic research on cryptorchidism

(Mizuno K, Hayashi Y et al. J Urol, 2009）

Hydrocele
(n=8)

Cryptorchidism
(n=14)

• Testicular tissue obtained by intraoperative biopsy
• Subtraction method

18 up-regulated genes 

16 down-regulated genes 

Descended Undescended

• Identified TPT1, EEF1A1, and NuMA1 
genes upregulated in human 
cryptorchid testes

• All were expressed in germ cells during 
early spermatogenesis



Atsuta Shrine



Clinical research on cryptorchidism

(Kato T, Mizuno K, Hayashi Y et al. J Urol, 2022）

• To assess for associations between serum 
hormone level and testicular histopathology

DDX4 immunohistochemistry

178 excluded



Clinical research on cryptorchidism

(Kato T, Mizuno K, Hayashi Y et al. J Urol, 2022）

Inhibin-B/FSH 
ratio

AMH/FSH 
ratio FSH value

Cut-off <134 pg/mIU Cut-off <766 ng/mIU Cut-off > 0.9 mIU/ml

• Bilateral cases have a higher 
risk of impaired 
spermatogenesis

• No correlation between 
testicular position and G/T

• In bilateral cases ≤24 months, 
G/T ratio can be predicted by 
combining serum hormone 
levels (Inhibin B, AMH, FSH)



New animal model for early spermatogenesis

(Matsumoto D, Mizuno K, 
Hayashi Y et al. Andrology, 2025）

• To investigate the effects of hypothyroidism on 
early spermatogenesis, we developed novel rat model. 

pregnant 
SD rat

Birth

Oral administration of PTU*

day 7

transient hypothyroidism

Control PTU 0.001% PTU 0.01% 

(*PTU = propyl-thiouracil)

• Established a neonatal transient hypothyroidism animal 
model

• This model showed an increased number of undifferentiated 
spermatogonia

• Thyroid function may be involved in early spermatogenesis



Translational research

cryptorchidism
140 cases

without CH
128 cases 

with CH
12 cases

• Aimed to elucidate the effect of hypothyroidism 
on early spermatogenesis in cryptorchidism

• We retrospectively reviewed patients who 
underwent orchiopexy between January 2008 
and February 2021.

• Divide group by past history of congenital 
hypothyroidism (CH)

0

1

2

3

CH(-) CH(+)

G/T p <0.01

(scar bar = 25µm)

DDX4 immunohistochemistry

CH (-) CH (+)

(unpublished data）

• As in the animal model, the 
CH(+) group showed an 
increased number of germ cells

• Early-life thyroid dysfunction 
may affect early 
spermatogenesis

CH (-) CH (+)



Biological effects on early-stage spermatogenesis in cryptorchidism

primordial germ cells

SSCs

gonocytes

30-75% germ cell apoptosis

25-70%
dif. dif.

spermatogenesis

type A
S-gonia

type B S-gonia

self 
renewal

thyroid 
hormone ?

Androgen︖

AMH ?

FSH︖

Inhibin-B ?

Glucose metabolism ?
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