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Molecular mechanisms of sex differentiation have been unraveled by gene expression
cascade triggered by the SRY gene, but the whole picture still remains unclear. In the
present study, to clarify the genetic characteristics of the XX testis without SRY, we
histologically analyzed the testicular tissue of patients with 46, XX testicular DSD and
attempted to identify the genes with differential expression compared with the XY testis
by using PCR-based subtractive hybridization technique. We used specimens obtained from
testicular biopsy in boys with 46, XX testicular DSD. Age—matched XY testis derived from
hydrocele were used as the control. After PCR-based subtractive hybridization, the
subtracted cDNAs were sequenced and analyzed. Further, distribution of candidate genes
in the testicular tissue was clarified by immunohistochemistry. The present study was
approved by the institutional review board in our university. We finally identified 13
upregulated and 7 downregulated genes in the XX testis. Among the candidate genes, we
focused on ROCK1, PQBP1, and UCP2 in the upregulated—gene group and on EEF1Al in the
downregulated—gene group. In immunohistochemistry, ROCK1 protein was detected in the germ
cells and Leydig cells, PQBP1 protein in the Leydig cells, and UCP2 protein in the Sertoli
cells. From previous reports and in vitro inhibitory assay, it is feasible that ROCK1
phosphorylates and activates SOX9 in Sertoli cells. It is suggested that testis formation
is initiated by an alternative signaling pathway attributed to ROCK1 activation, and not
SRY activation, in XX testis

SR HRE AR
(LAY : 1)
LB BT & @
200 9% 1, 800, 000 540, 000 2, 340, 000
20104 900, 000 270, 000 1, 170, 000
201 14% 800, 000 240, 000 1, 040, 000
i &l 3, 500, 000 1, 050, 000 4, 550, 000




WFFE5r 8y« RS

B D4R M« AV BBIRIE 2 - IR RIS

F—U— R

1. WFFEBRAE 4 WIS 5t
BYEAFEZAT 5 FHEEN O T H MR E
AT = A LIS EATEY |
HIETIE, XX/XY B DOPEG A RIS L - TR
EN72EZ N5, 1990 4F ., SRY (Sex—determining
region on the Y chromosome) {51233 R
SNV, BUEICR D E T SRY @Ein %1%
U & T HMREDH A — RO
DNZI TR, b MERRFEE O AL,
64 5 BEmRTZICBRA S, a0k - &
HRNFIZEIDHE SN, ZOREA =
R I DOREHED -2 O MR B R 421 L D
Bk 2 2O B B PR R RE S Aok, AL
BEIXH A Z ) Ll b B R ITx L
TR - BEREFFRRAN &\ o 7o AN RH RO TR R &
179 —J. JREEMPO=® ()M icEb
HRFDE MBI BRELEL., (2) B4
BRI DI AT . (3) 2ol L 7= ks BEARAR 23
EDOLIITHAA L, ISRk CRAE
THON, 72 EDOIBERNIT T > TE T2,
PLED X9 e A s F 2. RA7e B,
B~ BB R EE &2 Rf=d kL b
UMIIICHER Lz, ~ 7 ATk b Y RIBK
HARIZ BN T Sry BAR TR B RIE R AT O
fRAE# 10-11.5 HEIC—@Eice— 27 2R L,
FERE R O DNA BHICHE R T2 2 LT &
D, TORBABEZRHTL TNDHEZEILLNT
W5 P, ERDYESALIFE CII AR
HLEHDONEL, B Y HIRDOIAE - 4y
b BRED A B = X LIZONWTIRIEE A EH
SN ENTWRY, & ZATHRIT, Mot
DOBET AR~ LT, Sry@fafo—
W OB, B UMBRNIICZ Y a—
USRI OERENRD b D Z L RNHE S
niz?, F7-Nef HI13A v 2V UHEEER T
HEEIE -~ A TITREESEREZ S
W EERLY, SAa—XTHIKINA
T FIARERDE AL A — RIZEE 5
THAREMEIRIZEEINTWD, FE K
WRIZEBWNT S L N R A
WRELZROLEZ D, A & O AAE

FAZOWTHIERED STV 5,

(B3 3CHR)

1. Sinclair, et al., (1990) Nature, 346:
240.

2. Harley, et al.,
453.

(1992) Science, 255:

FEH AEFEAMAG, Bov N U MR, MRS b

3. Matoba, et al., (2005) J Cell Sci. 118:
1449.
4. Nef, et al., (2003) Nature, 426: 291.

2. WO HK
FEEIERT & LT SRY BIETFRRIE SN
T 20 EDRET D0, LA =X LD
ERITHLNIZEN TR, JBEBIZEL
U HIIEN TR 5 SRY Bz % F—E{E
e Lieofb i A — KRB LEMMNZT 5
7o, PEYLEIRY XX IS H 0 B IR R
AT D 46, XX AR A (DSD) (12
EHH LT, SRY 2N ESRWHHA A — KD
[REZARIEOBERE LT,

3. WDk

46, XX AEHANE DSD SEGBI D 5 B, AMEEE R
T-CREBLE EAMT 21T 5 BRICERE L 7= K B

MRAEAFZHEH L-, E-60 WL LT,
AR O XY FEEA 2 L=, b o
FE BLAAE 2> 5 mRNA ZfH L, cDNA library
Z{ERL LU7-, PCR-Subtraction {EIZ & - Tl
FHHCRIEL R TBIETREOBRRZIT-

77 Xt E L7- 46, XX K5 HLME DSD XV d
SRY BIa R TH -7,

B, ARG, ARF e MBS
HEELZBZOEKROL LI T 7,

4. WFIEEE

XX R CRIATE L 13 ot BHRK
FLEZTEEFEZRE LT, BEITHEL TW
7-&f5F D55, ROCKL - PQBP1 -+ UCP2 @ 3
BIAIZER L, BRI TRIZRT
X2z, B R UM, b L ITE G
JlCRELTWE (K1) ,

1 (A: ROCK1.B: PQBP1,C:UCP2.D:negative
control)




ZOHTYH, ROCKI BRI, G
LB M UMBEIZBELTEY, Kk~ X
RTINS A7 — VRSB
TR,

S5, BB MMaEERTH D TV
{2\ T ROCK] #rEAIFHERITH D Y-27632
WM UT- & 2 A, SOX9 s F-F& LA HNH] S
Nz, 2D Eh b, ROCKL 23 S0X9 & &AL
5L AURME S L, 46, XX (SRY Fatk) 12k
WTHEMNER SN2 23 TX 50
WMAA G — RERETHIENTE,

5. ERRERLE
(RFFEAREEE . WFSE 0035 M ONHLEERTFZE 3 12
=Y

Udessamsr) (G 28 1) (1. ~28. X TH&

AED)

1. Hayashi Y, Mizuno K, Kojima Y, Moritoki
Y, Nishio H, Kato T, Kurokawa S,
Kamisawa H, Kohri K. Characterization
of the urethral plate and the underlying
tissue defined by expression of
collagen subtypes and
microarchitecture in hypospadias. Int J
Urol. 18: 317-22, 2011.

2. Taguchi K, Kojima Y, Mizuno K, Kamisawa
H, Kohri K, Hayashi Y. Molecular
Analysis of Clear Cell Sarcoma With
Translocation. Urology. 78: 684-6, 2011

3. Nishio H, Kojima Y, Mizuno K, Kamisawa
H, Kohri K, Hayashi Y. Laparoscopic
Nephrectomy for Pelvic Multicystic
Dysplastic Kidney. Urology. 78: 434-6,
2011.

4. Iwatsuki S, Kojima Y, Mizuno K, Kamisawa
H, Umemoto Y, Sasaki S, Kohri K, Hayashi
Y. Endocrine assessment of prepubertal
boys with a history of cryptorchidism
and/or hypospadias: a pilot study. J
Urol. 185: 2444-50, 2011.

5. Kojima Y, Mizuno K, Kamisawa H, Kato T,
Kohri K, Hayashi Y. Laparoscopic
management of nonpalpable testis: new
treatment strategy. J Endourol. 25:
635-40, 2011.

6. Kojima Y, Umemoto Y, Mizuno K, Tozawa K,
Kohri K, Hayashi Y. Comparison of
laparoscopic pyeloplasty for
ureteropelvic junction obstruction in
adults and children: lessons learned. J

Urol. 185: 1461-8, 2011.
7. Hayashi Y, Kojima Y, Mizuno K, Kohri K.
Prepuce: phimosis, paraphimosis, and

circumcision. Scientific World Journal.
11: 289-301, 2011.

10.

11.

12.

13.

14.

15.

16.

Kato T, Kojima Y, Kamisawa H, Takeuchi
M, Mizuno K, Sasaki S, Kohri K, Hayashi
Y. Findings of fat—suppressed
T2-weighted and diffusion-weighted
magnetic resonance 1imaging in the
diagnosis of non-palpable testes. BJU
Int. 107: 290-4, 2011.

Kubota H, Sasaki S, Kubota Y, Umemoto Y,
Yanai Y, Tozawa K, Hayashi Y, Kohri K.
Cyclooxygenase—2 protects germ cells
against spermatogenesis disturbance in
experimental cryptorchidism model mice
J Androl. 32: 77-85, 2011.

Mizuno K, Kojima Y, Kurokawa S,
Kamisawa H, Kohri K, Hayashi Y. Altered
expression and localization of estrogen
receptors alpha and beta in the testes
of a cryptorchid rat model. Urology. 77:
251.el-6, 2011.

Kojima Y, Kohri K, Hayashi Y.
Genetic pathway of external genitalia
formation and molecular etiology of
hypospadias. J Pediatr Urol. 6: 346-54,
2010.

Shibata Y, Kojima Y, Mizuno K,
Nakane A, Kato T, Kamisawa H, Kohri K,
Hayashi Y. Optimal cutoff value of
contralateral testicular size for
prediction of absent testis in Japanese
boys with nonpalpable testis. Urology.
76: 78-81, 2010.

Hayashi Y, Kojima Y, Mizuno K,
Nakane A, Kamisawa H, Maruyama T, Kohri
K. A Japanese view on circumcision:
nonoperative management of normal and
abnormal prepuce. Urology. 76: 21-4
2010.

Hayashi Y, Kojima Y, Mizuno K,
Nakane A, Kato T, Kurokawa S, Kamisawa
H, Maruyama T, Kohri K. Demonstration of
postoperative effectiveness in ventral
lengthening using a tunica vaginalis
flap for severe penile curvature with
hypospadias. Urology. 76: 101-6, 2010.

Mizuno K, Hayashi Y, Tozawa K,
Iwatsuki S, Kojima Y, Kohri K.
Single—nucleotide polymorphism in WT1
gene 1in a hyperplastic intralobar
nephrogenic rest with botryoid
protrusion. Urology. 76: 149-52, 2010.

Kamisawa H, Kojima Y, Mizuno K,

Imura M, Kohri K, Hayashi Y.
Spermatogenesis after 1-stage
fowler—-stephens orchiopexy in

experimental cryptorchid rat model. J
Urol. 183: 2380-4, 2010.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Iwatsuki S, Kojima Y, Mizuno K,

Tozawa K, Kohri K, Hayashi Y.
Laparoscopic Management for
Fibroepithelial Polyp Causing

Ureteropelvic Junction Obstruction in a
Child. Urology. 76: 146-8, 2010

Hayashi Y, Kojima Y, Kamisawa H,
Imura M, Mizuno K, Kohri K. Is
antibiotic prophylaxis effective in
preventing urinary tract infections in
patients with vesicoureteral reflux?
Expert Rev Anti Infect Ther. 8: 51-8,
2010.

Niimi K, Kojima Y, Imura M, Mizuno
K, Kohri K, Hayashi Y. Successful
treatment with hydrodistension in a boy
with refractory overactive bladder with
glomerulation. J Pediatr. 155:
597-597. el, 2009.

Kojima Y, Mizuno K,
Hayashi Y. Advances in
genetics of cryptorchidism.
74: 571-8, 2009.

Kojima Y, Mizuno K, Nakane A, Kato
T, Kohri K, Hayashi Y. Long-term
physical, hormonal, and sexual outcome
of males with disorders of sex
development. J Pediatr Surg. 44: 1491-6,
2009.

Kojima Y, Sasaki S, Mizuno K,
Tozawa K, Hayashi Y, Kohri K.
Laparoscopic dismembered pyeloplasty
for ureteropelvic junction obstruction
in children. Int J Urol. 16: 472-6,
2009.

Mizuno K, Kojima Y, Kurokawa S,
Maruyama T, Sasaki S, Kohri K, Hayashi
Y. Identification of differentially
expressed genes in human cryptorchid
testes using suppression subtractive
hybridization. J Urol. 181: 1330-7;
discussion 1337, 2009.

Kojima Y, Mizuno K, Imura M, Kato
T, Kohri K, Hayashi Y. Laparoscopic
orchiectomy and subsequent internal
ring closure for extra—abdominal
testicular nubbin in children. Urology.
73: 515-9; discussion 519-20, 2009.

Iwatsuki S, Kojima Y, Imura M,
Mizuno K, Kohri K, Hayashi Y. Detection
of ectopic ureteral insertion to vagina
with hypoplastic ectopic kidney by
three—dimensional computed tomography.
Urology. 73: 505-6, 2009

Mizuno K, Hayashi Y, Kojima Y,
Nakane A, Tozawa K, Kohri K. Activation
of NF-kappaB associated with germ cell

Kohri K,
molecular
Urology.

217.

28.

CEags) G

1.

apoptosis in testes of experimentally
induced cryptorchid rat model. Urology.
73: 389-93, 2009.

Nakane A, Kojima Y, Hayashi Y
Kohri K, Masui S, Nishinakamura R. Pax2
overexpression in embryoid bodies
induces upregulation of integrin alpha8
and aquaporin-1. In Vitro Cell Dev Biol
Anim. 45: 62-8, 2009.

Mizuno K, Kojima Y, Kurokawa S,
Mizuno H, Kohri K, Hayashi Y.
Laparoscopic diagnosis and treatment of
a  phenotypic girl with mosaic
45, X0/46, X, idic (Y) mixed gonadal
dysgenesis. J Pediatr Surg. 44: el-3
2009.

15 1F)

PR ARR - S R WA IR ZRFHE B DR SEHE 7
DOFFER & LUWIRIFEIE OB, 5 62 [al4
RN KFEFZSRES (FFRGEE) .
2011.12. 4, &4 &R

- PRBERER - NRIEREROT A FT A

261 [\l HARUW R & FH R R
2011.11. 16-18, 5U#BTH

- PRBEACRE - /NEUAIR SR IR O TRl & IR

55 79 [BIRK H WA PR 2R RHEE B 2 (RRRIGETR) |
2011.10. 1. #kHET

BRARRE, KBRS, fhiRgess PR
Ao, SFRF R, /DN E PR, AR RS - JRIE
TEUEE R ~T ) o TN T 57T 4
A~ %20 8] A A/NRWRAEL F e

(BT R h), 2011.7. 13-15,

FHETH

. ARBERER ARG BT R D TR ~

Vo TNET T 0T 4 A~ 5 TEER
BB RZRRHE X 0 — (FFRIGETHR) L 2011. 7. 2,
R T

PR ARRR - /NN 2 IR R & IR ZR R B
%8 [ NN X — (R
). 2011.5.21, A& =M

Hayashi Y, Mizuno K, Kojima Y, Kohri K:

Evaluation of long-term functional
outcome with uroflowmetry after
proximal hypospadias repair:original
Koyanagi repair vs modified Koyanagi
repair. AUA 2011, 2011.5.14-19,

Washington, USA.

- BRAERER - /NI IR &R~ B B Ak

~~, B 99 [H B AR RER RS
2011.4.21-24, &5 @B

Hayashi Y, Imura M, Kamisawa H, Mizuno
K, Kojima Y, Kohri K : Evaluation of
long-term functional outcome with
uroflowmetry after proximal
hypospadias repair; Original Koyanagi
repair vs modified Koyanagi repair. 23"




International Symposium on Paediatric
Surgical Research, 2010.9.12-14, HiX
#B

10. Hayashi Y, Mizuno K, Nishio H,
Kamisawa H, Kojima Y, Kohri K:
Characterization of the urethral plate
and the underlying tissue in
hypospadias with transmission electron
microscopy and expression of collagen
subtypes. 23 International
Symposium on Paediatric Surgical
Research, 2010.9.12-14, HLHR

11. Hayashi Y, Moritoki Y, Kamisawa H,
Mizuno K, Kojima Y, Kohri K
Disturbance of testicular development
during testicular tubule formation
causes vanishing testis. 23
International Symposium on Paediatric
Surgical Research, 2010.9.12-14, HiX
#B

12. MACRR, /NS ERR, KB HR
BB B0 FE BRI 7 7 > THiEIC L D &
JE DR &2 R 1E L7z JRiE F RO %
M, 5 98 [Al H AWMRERFL P,
2010. 4. 27-30, B[

13. MARER, /NS EERR, KB CHS
UL S0 ARSI AR BRI A
JERE | BB R JEREEE & R
0 —F Z LG T I FEf AR B 75
Bl OIEEREER, 55 23 [8] H K Endourology *
ESWL 2 fesx, 2009. 11. 11-13, HAUAD

14. Hayashi Y, Kojima Y, Mizuno K,
Kurokawa S, Nakane A, Kohri K:
Disturbance of testicular development
during testicular tubule formation

causes vanishing testis. AUA 2009
Annual Meeting, 2009. 4. 25-30,
Chicago (USA)

15. MG ARRE, KBRS, BT,
/N B RERR, BRGE TR MR AR ISR 5 F
BT LT U X LDOVER & TR, 5
97 [l H A W K 28 B 2B .
2009. 4. 16-19, [ 1L

(Z D)

. BRRERER. AKEFERER. NEEEEK : EEED
Bl —WIRZRF O Fehiifr @, 24P, Fiic
SR 2011427 A 1 BHE, 2011

1

6. HFZEARRR

(D) WFgefFs

A HiKEE (HAYASHI YUTARO)

AT RTNLRT: « RFBEEFER - HEE0=
HFge 8% 5 40238134

(2) Wrge /s

/NE #ERR (KOJIMA YOSHIYUKI)

2 BN RS « KEFEBEIESLARGER - 5l
WF7e&% 5 60305539

KB fEAES (MIZUNO KENTARO)
2 RTINL RS « RFEBEE SR - BhE
W& 5« 70448710

| s (KUROKAWA SATOSHI)
A RTINLRS: « KEFEBLE SRR « #F5E
7435« 50468253

‘m



