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Introduction

Erythropoietin-producing hepatocellular (Eph) receptors and their ligands, ephrins, are
expressed in many tissues and organs. These membrane proteins 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), which promiscuously bind to ligands of ephrin-A
(A1-A5) and ephrin-B (B1-B3), respectively. Eph/ephrin signalling has been
implicated in tissue homeostasis via cell positioning, proliferation, migration, adhesion,
and/or differentiation in several epithelial tissues. Recent studies showed that not only
adult Leydig cells but also foetal Leydig cells co-expressed ephrin-B1 and EphB4 in
the mouse testis. Based on this, the author hypothesised that ephrin-B1 and EphB4 are
co-expressed ubiquitously in steroid-producing cells in gonads and adrenal glands.
However, expression and localisation of these molecules have not been sufficiently
examined in normal cycling mouse ovaries and adrenal glands. To test this hypothesis,
therefore, the author examined ephrin-B1 and EphB4 expression and localisation in the
naturally cycling mouse ovary as well as adrenal glands of male and female mice.



Chapter 1: Identification of developmental/regressing stages of corpora lutea in
the naturally cycling mouse ovary

Corpora lutea up to 2 or 3 generations appear in a section of all phases in naturally
cycling ovaries (proestrus, oestrus, metoestrus, dioestrus). Thus, the author first
examined the properties of corpora lutea by immunofluorescence staining using serial
sections with 3B-HSD as a marker of steroidogenic cells and CD31 as a marker of
vascular endothelial cells. By a combination of the 33-HSD immunoreactivity in luteal
cells and CD31-positive vascular densities, corpora lutea could be classified into four:
CD31-positive thick blood vessels were sparsely distributed and ran towards the centre
in some corpora lutea filled with strongly 3f-HSD-positive small luteal cells, and thus
identified as developing corpora lutea (CLd) that frequently appeared in metoestrus,
while CD31-positive blood vessels were generally thin/fine in other corpora lutea. The
characteristic corpora lutea were composed of blood vessels of a prominently high
density and strongly 3B-HSD-positive large luteal cells that frequently appeared in
dioestrus and proestrus, and thus were identified as temporally mature corpora lutea
(CLm) of the current oestrous cycle. Corpora lutea other than CLd and CLm, which
composed of strongly 3B-HSD-positive luteal cells and CD31-positive blood vessels of
a low density as well as composed of weakly 3B-HSD-positive luteal cells and
CD31-positive blood vessels at a low or high density, frequently appeared in all four
phases, and were thus identified likely as regressing corpora lutea of the previous
oestrous cycle and/or corpora lutea unable to undergo full differentiation into CLm
(CLs). Moreover, characteristic small corpora lutea composed of strongly
3B-HSD-positive cells distributed sparsely and CD31-positive blood vessels of a
prominently low density that were frequently appeared in oestrus, and thus considered
as regressing corpora lutea (CLrl) of a late phase.

Chapter 2: Expression and localisation of ephrin-B1 and EphB4 in the naturally
cycling mouse ovary

Efnbl and Ephb4 were detected by RT-PCR in all oestrous phases in the naturally
cycling mouse ovary. The relative expression levels of Efnbl and Ephb4 were similar
among the four phases in the mouse ovaries. This finding indicates that Efnbl and
Ephb4 expression levels do not change in the whole ovary according to the oestrous
cycle.

Ephrin-B1 immunoreactivity was detected prominently in corpora lutea and
theca folliculi in the naturally cycling mouse ovary. Ephrin-B1 immunoreactivity was
similar among theca folliculi in four oestrous cycle phases. Thus, ephrin-B1l
immunoreactivity similar to or greater than that observed in the theca folliculi was
defined as ‘strong’, and immunoreactivity clearly less than that in theca folliculi as



‘weak’ or ‘faint’. In contrast, ephrin-B1 immunoreactivity was appreciably different
among corpora lutea in a section of ovaries. Therefore, ephrin-B1 immunoreactivity
was examined thoroughly in corpora lutea by double immunofluorescence staining
with ephrin-B1 and 3B-HSD as well as with ephrin-B1 and CD31 in serial sections.
Ephrin-B1 immunoreactivity was weak in CLd that was frequently present in
metoestrus. Moreover, ephrin-B1 immunoreactivity was also weak in CLm that were
frequently present in dioestrus and proestrus. By contrast, ephrin-B1 immunoreactivity
was strong in CLs. Moreover, ephrin-B1 immunoreactivity varied (strong and
weak/faint) in CLrl that were frequently present in oestrus. Ephrin-Bl
immunoreactivity was also detected weakly in 3B-HSD positive interstitial gland cells.
Ephrin-B1 immunoreactivity was faint but substantial in granulosa cells in follicles.
Moreover, Ephrin-B1 was expressed strongly in CYP17Al-positive steroidogenic
theca interna cells. These findings indicate that ephrin-B1 is substantially expressed in
all steroidogenic cells in the ovaries, while their expression levels vary especially
infamong corpora lutea.

EphB4 immunoreactivity was detected in vasculature in the stroma and follicles
as well as in corpora lutea where EphB4 immunoreactivity and expression patterns
varied. In CLd, EphB4 immunoreactivity was relatively strong in CD31-positive
vascular endothelial cells and weak in CD31-negative small round cells, i.e. luteal
cells. In CLm, EphB4 expression varied in CD31-positive vascular endothelial cells: it
was strong in thick/relatively large blood vessels and weak in thin blood vessels.
EphB4 immunoreactivity was also detected weakly in CD31-negative large
round/polygonal cells, i.e. luteal cells, in CLm. By contrast in CLs, EphB4
immunoreactivity was weakly detected in blood vessels but was not apparent in
CD31-negative cells. EphB4 immunoreactivity was prominent/strong in granulosa cells
in follicles. Moreover, EphB4 was expressed weakly/faintly in CYP17Al-positive
steroidogenic theca interna cells in follicles. EphB4 immunoreactivity was also
detected weakly in interstitial gland cells of naturally cycling mouse ovaries. These
findings indicate that EphB4 is substantially expressed in all steroidogenic cells in the
ovaries, where ephrin-B1/EphB4 signalling may occur, while their expression levels
vary especially in luteal cells of corpora lutea.

Chapter 3. Expression and localisation of ephrin-B1 and EphB4 in adrenal glands
of male and female mice

Efnbl and Ephb4 were detected by RT-PCR in the adrenal glands of the adult mouse.
The relative expression levels of Efnbl and Ephb4 were similar between males and
females.



The mouse adrenal cortex is composed of outer zona glomerulosa (zG) and
inner zona fasciculata (zF) except zona reticularis that is located at the bottom of the
cortex in many mammals. In young virgin female mice, the x-zone (xZ) appears
between zF and the medulla. Ephrin-B1 immunoreactivity was relatively strong in the
adrenal cortex and faint in the adrenal medulla of both male and female mice.
Moreover, ephrin-B1 immunoreactivity was strong and similar in CD31-positive
vascular endothelial cells distributed in zF beneath zG in male and female. Thus,
ephrin-B1 immunoreactivity similar to or greater than that in those endothelial cells
was defined as ‘strong’ and less than that as ‘weak’ or ‘faint’. Ephrin-B1l
immunoreactivity was strong in 3-HSD-positive cortical parenchymal cells in zG and
bottom region of zF, weak/faint in middle region of zF in male, while strong in cortical
parenchymal cells in zG, weak/faint in zF and xZ in females. These findings indicate
that ephrin-B1 was substantially expressed in all steroidogenic cells in the adrenal
cortex.

EphB4 immunoreactivity was detected in the adrenal cortex and medulla
similarly in male and female mice. EphB4 immunoreactivity was strong and similar in
CD31-positive vascular endothelial cells distributed in medulla. Thus, EphB4
immunoreactivity similar to that in those endothelial cells defined as ‘strong’ and less
than as ‘weak’ or ‘faint’. EphB4 immunoreactivity was substantial but weak in
3B-HSD-positive cortical parenchymal cells in zG, weak/faint in zF of male and female
mice. Moreover, EphB4 immunoreactivity was weak in cortical parenchymal cells of
xZ in female mice. These findings indicate that EphB4 and ephrin-B1 are co-expressed
and their signalling possibly occurs in steroidogenic cells of the cortex.

Conclusions

1. Ephrin-B1 and EphB4 were substantially co-expressed in all of the
3B-HSD-positive steroidogenic cells in the ovaries, i.e. luteal cells, granulosa cells,
steroidogenic theca cells, and interstitial gland cells.

2. Ephrin-B1 and EphB4 are co-expressed in all of the 33-HSD-positive steroidogenic
cells of the adrenal cortex.

3. Co-expression of ephrin-B1 and EphB4 is likely a good marker to identify
steroidogenic cells located in diverse tissues and organs.
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