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Introduction

The testis and epididymis are composed of a series of a tubule/ductule/duct system lined
with tissue-specific epithelia. The intratesticular excurrent duct system consists of straight tubules
and the rete testis. Seminiferous tubules generally form loops and both ends are connected to
straight tubules which empty into the rete testis. The efferent ductules, the initial part of the
extratesticular excurrent duct system, connect the rete testis with the ductus epididymis. The
epididymis is grossly divided into three parts: the caput, corpus, and cauda epididymis but can be
divided into more segments (I-V) histologically and histochemically. The seminiferous/straight
tubules and rete testis originate from the testicular cords, whereas the ductus epididymis
originates from the mesonephric duct and the efferent ductules from mesonephric tubules.
Therefore, two developmental boundaries are assigned to the junction at the proximal and distal
end of the efferent ductules in the genital tubule/ductule/duct system, and these boundaries are
histologically maintained in the epithelia of adult tissues. However, the mechanisms underlying
the maintenance of these boundaries accompanied by the morphological transition of the epithelia

are not completely clear.



Eph receptors and ephrin ligands serve as a cell-cell communication system with a variety
of roles in normal development, physiology, and disease pathogenesis. In mammals, Eph
receptors are divided into EphA (A1-A8 and A10) and EphB (B1-B4 and B6) classes and
members of these two receptor classes promiscuously bind to ligands of the ephrin-A (A1-AS5) and
ephrin-B (B1-B3) classes, respectively. EphB/ephrin-B signaling is implicated in maintaining
epithelial integrity, homeostasis and boundary formation in variety of epithelia. Thus, EphB
receptors and ephrin-B ligands might play a role also in the epithelial boundary formation of the
male genital system; however, their expression in the testis and epididymis has not yet been
examined. Therefore, the author investigated the expression and localization of EphB receptors
and ephrin-B ligands in the mouse testis and epididymis, especially to determine whether their
expression boundaries exist in the series of the tubule/ductule/duct system in the adult and when

their expression boundaries are formed/completed during the postnatal development if existed.

Chapter 1: Expression and localization of ephrin-B1, EphB2 and EphB4 in the adult mouse

testis and epididymis

Section 1: Ephrin-B and EphB expression in the adult mouse testis and epididymis
Transcripts for all mammalian ephrin-B and EphB molecules were detected in both the

testis and epididymis. EphB2 and EphB4 proteins were detected by western blot with

immunoprecipitated samples in both the testis and epididymis. Moreover, EphB2 in the testis and

EphB4 in the testis and epididymis were tyrosine-phosphorylated, suggesting that these receptors

are activated in the adult testis and/or epididymis in vivo.

Section 2: Ephrin-B1, EphB2 and EphB4 localization in the adult mouse testis and
epididymis

Ephrin-B1 immunoreactivity was faint or almost negative in the epithelial cells lining of
straight tubules, strong in the rete testis, and weak in the efferent ductules. Ephrin-B1 was also
expressed in epithelial cells of all segments of the ductus epididymis. In particular, ephrin-B1 was
strongly expressed in segments I, IV, and V of the ductus epididymis. In contrast, EphB2
immunoreactivity was detected in epithelial cells lining the rete testis weakly and efferent
ductules strongly, but not in those lining the straight tubules. EphB4 also expressed strongly in
epithelial cells lining of straight tubules and efferent ductules and weakly in rete testis. EphB2 and
EphB4 immunoreactivity was faint or almost negative in those of the epididymis. Summarizing the
above, the ephrin-B- and EphB-predominant expression compartments appear alternately along the
excurrent system. Thus, the compartmentalization based on the ephrin-B and EphB expression
patterns corresponds to the histological as well as the developmental compartments in the
excurrent duct system. These expression patterns suggest that strong EphB/ephrin-B signaling
likely arises at every epithelial junction along the excurrent system of the testis and epididymis.

Therefore, the author proposes that the interplay between EphB and ephrin-B may



regulate/maintain epithelial boundaries along the excurrent system of the testis and epididymis.
Moreover in the testis, peritubular myoid cells expressed ephrin-B1 and EphB4; Leydig
cells expressed ephrin-B1 strongly and EphB4 moderately; spermatogonia weakly expressed
ephrin-B1 and EphB4; elongated spermatids attached to Sertoli cells expressed EphB2. In the
epididymis, smooth muscle cells expressed ephrin-B1 and EphB4; fibroblasts in the interstitial
tissue expressed ephrin-B1, EphB2 and EphB4. These findings suggest that EphB4/ephrin-Bl
signaling likely arises in spermatogonia, in Leydig cells, between peritubular myoid cells and
Leydig cells, and in fibroblasts and smooth muscle cells surrounding ductus epididymis. This may
partly support by the findings: EphB4 was tyrosine-phosphorylated in the testis and epididymis.
Furthermore EphB2 was expressed strongly in immature spermatozoa located in lumen of
proximal parts of the excurrent duct system but EphB2 immunoreactivity in spermatozoa
gradually decreased from segment II to segment V of epididymis, in which spermatozoa were
almost EphB2-negative, indicating that EphB2 is unlikely required by mature spermatozoa. Thus

EphB2 expression can be a new negative indicator for the maturation of spermatozoa.

Chapter 2 Expression and localization of ephrin-B1, EphB2 and EphB4 in the mouse testis
during the postnatal development

During the postnatal development (1 day to 8 weeks of age) of the testis, ephrin-Bl,
EphB2 and EphB4 were expressed at all postnatal ages examined but their relative expression
levels were decreased with age up to 4 weeks, and thereafter the levels were almost unchanged
until 8 weeks. These indicate that the expression levels of ephrin-B1, EphB2 and EphB4 are close
to those in the adult until 4 weeks of age.

Ephrin-B1, EphB2 and EphB4 were faintly or weakly expressed uniformly in epithelia of
the intratesticular excurrent duct system at 1 day and 1 week of age. Ephrin-B1 and EphB2/EphB4
expression compartment appeared in the epithelia from 2 weeks of age: ephrin-Bl
immunoreactivity was faint in the straight tubules, strong in the rete testis, and weak in the
efferent ductules whereas EphB2/EphB4 immunoreactivity was weak in the rete testis and strong
in the efferent ductules; in the straight tubules EphB2 immunoreactivity was faint but EphB4 was
strong. These findings indicate that the ephrin-B1- and EphB2/EphB4-predominant expression
compartments appeared in the intratesticular excurrent duct system until 2 weeks of age. Therefore
the intratesticular excurrent duct system is completed far earlier than the time when spermiation
starts in terms of ephrin-B1 and EphB2/EphB4 expressions. Moreover, ephrin-B1 and EphB4
immunoreactivities were almost negative in germ cells/gonocytes at 1 day but turned to be
positive in spermatogonia from 1 week of age. The relative ratio of stromata to seminiferous
tubules was rapidly decreased from 1 day towards 3-4 weeks of age. Stromal cells expressed
ephrin-B1, EphB2 and EphB4: fibroblasts expressed ephrin-B1, EphB2 and EphB4 substantially
until 2-3 weeks of age and faintly or not thereafter; peritubular myoid cells and Leydig cells

expressed ephrin-B1 and EphB4 in all ages during the postnatal development; in Leydig cells



ephrin-B1 immunoreactivity increased until 4 weeks of age while EphB4 immunoreactivity

remained unchanged during the postnatal development.

Chapter 3 Expression and localization of ephrin-B1, EphB2 and EphB4 in the mouse
epididymis during the postnatal development

During the postnatal development (1 day to 8 weeks of age) of the epididymis, relative
expression levels of ephrin-B1 and EphB2 were decreased gradually with ages until 4 weeks, and
thereafter they were almost similar up to 8 weeks. Relative EphB4 expression levels did not differ
up to 2 weeks of age, then decreased sharply toward 4 weeks, and were almost unchanged up to 8
weeks. These indicate that the expression levels of ephrin-B1, EphB2 and EphB4 become close to
those in the adult until 4 weeks of age.

Ephrin-B1 immunoreactivity was uniform in epithelia of the efferent ductules and the
ductus epididymis until 2 weeks of age while it started to differ among segments of the ductus
epididymis at 3 weeks and was close to the adult pattern at 4 weeks of age: ephrin-B1 was strongly
expressed in epithelia of segments I, IV, and V. In contrast, EphB2 and EphB4 immunoreactivity
was detected in epithelia of efferent ductules of all postnatal ages. EphB2 immunoreactivity was
faint or not in epithelia of the ductus epididymis of all postnatal ages while EphB4
immunoreactivity was weak in epithelia of the ductus epididymis until 2 weeks and then abruptly
disappeared in principal cells but was still faint in basal cells at 3 weeks and thereafter. These
findings indicate that ephrin-B1 and EphB2/EphB4 expression compartment formed in the
excurrent duct system of the epididymis until 3 weeks of age. Therefore the excurrent duct system
in the epididymis may be completed until 3 weeks of age in terms of ephrin-B1 and EphB2/EphB4
expressions. Moreover, the relative ratio of stromata to epithelia in the epididymis was rapidly
decreased from 1 day towards 3-4 weeks of age: ephrin-B1, EphB2 and EphB4 were uniformly
expressed in stromal cells in early postnatal ages and their expressions converged to stromal cells

definitely differentiated and localized in the epididymis until 2 weeks of age.

Conclusions

1. The ephrin-B1- and EphB2/EphB4-predominant expression compartments appear alternately
along the excurrent duct system, which is lined with the tubule/ductule/duct-specific epithelia.
This compartmentalization corresponds to the histological as well as the developmental
compartments.

2. EphB2 is expressed in immature spermatozoa but not in mature spermatozoa located in the
ductus epididymis of the cauda epididymis. Therefore EphB2 expression can be a new negative
indicator for the maturation of spermatozoa.

3. The complementary expression patterns of ephrin-B1 and EphB2/EphB4 are formed until 2
weeks of age in the intratesticular excurrent duct system and until 3 weeks of age in the

epididymal excurrent duct system during the postnatal development.



4. Ephrin-B1 and EphB4 are expressed in spermatogonia but not in gonocytes.
5. Epithelia of the ductus epididymis express ephrin-B1 in all ages during the postnatal
development and EphB4 in early postnatal ages up to 3 weeks.

EEEROEE

BRI FERET vy Py vAlRzHy, KR EFREIEFRADE TH 2, KL
HBHEEFROFEH I -HREOMERCHKINE, ZoMERIE, HECTEIHEFEREZIHES
MRS & cnick S ERME S X CEERM» o, KBE AT iZEilT 2 1 Kok Lk
BEromY, FEM R AT IR R E cRiin s, ERMHEURED —#HoD
MERIBETFREER ETEEN, ZNZTLOXETHEL 2K - HIREZ R EEMECE
MEINhTwd, 72, ZoOMEREIBEANICEIER, PEME, PEE»o0L, &
JEER 2> O FEMIE &R, B AME 2 o KB E, hEE 2 OB LEESITER I NS,
BrREEROMGERCELEMIEL2BE L CGRCVES 2 Lidnl, XEMHOMHEESR
OXEIHEAETHHERFIN TV EH, ZOMFEMBIZLC o Tukn,

—F, KON RS F Eph ZEMR* F—+ L ephrin U H Y FIFEE v X7 T, £ LA,
B ¥ 7 7 7 R KA & (EphA1~AS, A10; EphB1~B4, B6; ephrin-A1~AS5; ephrin-B1~B3), [f]
LW 77 7R THENITHEAGT 5, Eph FEHAMNIL & ephrin FEFMAL 23 Bk 3~ 2 &, WA IC
PIUFARFEEL, MloEEClEEZGIE T 5, R, HEOEMERE, FLERICHW
T ephrin-B1, EphB2 & EphB4 73 L O [EF L EAIE K O MR IC ) < 2 & 2B T i,
IhEclic, BHREFE LRICEHS W T Eph & ephrin DR - RE L8 & 272 8HE 12
Do, ;ﬂf—fﬂﬂ EABTH 2, 22T, RUTFETIIEMA L AT EE@VWX@*EJ%E*FJ
PR ENRIC, FFICHFRBERD LRICEH L, ephrin-Bl, EphB2 & EphB4 O FH &
JRTE % BET L 72,

H1ETIE, R~ 7 2 (8~9:8im) OFF R &R LR 2 MEHCRT-PCR, YV T XX v 7wy |,
Tt TR L JREEZ MG Lz, Z DR, (1) ephrin-B1, EphB2, EphB4 ® mRNA (315
EREH ERICRIL, REICHRI T % EphB2 & FEE LIKIC B4 % EphB2 & EphB4 & v
SNZFY VEEEL, WEHEELCw B Z EBHL TR o, HEEO LR ITEWT, (2)
ephrin-B1 (3 K5 348 & A5 8 A%, EphB2 (d K5 B E, EphB4 (X EAGME & K B E
3@ CHRBEFT 22 /AHE LA, 5T, ephrin-Bl %5 < FEH 3 2 Xl FF M, HHE LK

: #1C Segment I, IV, V) & EphB2/EphB4 % i < I 3 2 Xl (EAGHE, FEmEE) 2
*ajfmm EOHRTCRAICHIRT 2 2 &ML, ephrin-Bl & EphB2/EphB4 i X it o #ff



Fric < ATREMED B 5 Z L R Iz, WHE ST, Q) HEICEW T, KM,
74T 4 v e Mifd, FEHIEEFEO M2 ephrin-B1 & EphB4 %, {fERNE 7-Hi g & 1
T2 EphB2 ZF#H L Twd 2L, ORI WT, afr - PR E FEE 0E
Ve D K ¥ 1% EphB2 Z FEH L, @EMEICli c o BB ELTCwE 2 ML, 20
M5, EphB2 OFRBHKIIH FORMIERIC R 2 e BN RBI Nz,

H2E T, A%RFEER (1 H~8 M) OfF 3 2 M EHT RT-PCR & ERE TR L JE %
BWat L7z, Z D%, ephrin-Bl, EphB2, EphB4 ® mRNA O FBIL <k, 4% 1 H~4
BEEIC» T TP L, 20HB—EDL XAV CHEREPERLTWE L RHIHL 2, BTk
HE D EKICEH W T, ephrin-Bl, EphB2, EphB4 i\ dh, A£% 1 HEBE TCoORBL R
K K, 2 B LBLREIC ephrin-B1 %58 < FEB1 9 2 Xl (K5 5 48) & EphB2/EphB4 % 5 < F3
35 X (EAEME, BEREDE)SBEL, RERICEMU L 28BN 2 — v 2D b i,
HEFE I 2> & O R T-HER 12 5 a2 T C % 729, ephrin-B1 & EphB2/EphB4 3 IC X
ZREHENRHE X2 ) RPCi 2 2 2HAL 72z, MEMEICEYC, 1 H
5 o A FEAN AL IC ephrin-B1, EphB4 B3 & $, 1HEEURICHBERFERIZD b
Teo WEo T, RIFEAGEAAL 2 o B HEHMIE ~ D 3L I v ephrin-B1/EphB4 FEH 28 B3 5
eI NI,

FIETIE, ABRFEEN (1 H~8 Hiin) 8 Lk %2 #RHC RT-PCR & B THRIL L H
HEERETL 72, % DFER, ephrin-B1 & EphB2 ® mRNA OFHL ~ (%, £ 1 H~4 8
fIC2 TP L, ZOoB—EDL XA THHMAFHL TW5 I &, EphB4 DFH L X
it B 2B E CRIZIE-ETHE L, 3R TABITEA L, 4 EBUBE—-EDOL L
THREPFHRL T2 ZEHHHAL 2, BFiHE O ERICEH W T, ephrin-Bl 4% 2
B E IR L XKL, 3~4 HEIC 2> 1) T ephrin-Bl % 50 < I 4 2 Xl (b5 38 A&
D Segment I, IV, V) 2B 1< 72 o 72, EphB2 3 3 s LA <58 < BRI+ 2 Xl K38 Liko
K S ) 2SR IC 7 o 72, — 5, EphB4 (341 2 Bl £ I HEBHEE E BE AT O
M ERICFR UL RV CTHRBEL T2y, 3 B DREIIER EARE o RBIZIIZHEK LT
DREPNZ =V ERT IO ho7, 5 HITHELARE K TFONEIARLONS 12,
ephrin-B1 & EphB2/EphB4 FHIC X 2 K1 & o X {1327 © 7 38fm) i Z 5 Z
EHHBHL 72,

TN DED S, ephrin-Bl, EphB2, EphB4 X7 E % o XH L icBd5 3 % Al gEME 2
»% T &, EphB2 DFEBIHKITK D RAIEEEIC 7 % T &, ephrin-B1/EphB4 345 )57 A& fif
B 2 5 FEHMAE ~ D LI Ic e 2 & & BRI Nz, ARWFZEIE, WA - KA LT
MHEROSU - M IcBET 2 - aEREZREL W 2, EBEEREYL L T
EWMEZORE - EFICKZCEHBT 20 E20N%, [EoT, KRXOEHELL VN
RO R L e <, WL (BMES) 0F 2T E T2 2@y LD 2,



