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RXNEDES

Estrogens, especially estradiol-17f3 (E,), are key sex steroid hormones involved in various
physiological events including early development, onset of puberty, and adult reproductive
cycles. The biosynthesis of estrogens appears to occur throughout the entire vertebrate
phylum including teleost fishes. Cytochrome P450 aromatase (CYP19) is the critical
steroidogenic enzyme responsible for aromatization of androgens to estrogens. In most
vertebrate species that have been examined, aromatase expression occurs in the gonads and in
the brain.

Most mammals have only a single copy of the CYPI9 geme. It is expressed in
extra-gonadal tissues such as brain, liver, skin and adipose tissues as well as gonadal tissue of
ovary and placenta. CYPI9 expression is regulated in a tissue-specific manner, and the
regulation is determined by the alternative use of multiple promoters present in a single gene.'
In contrast, most bony fish possess two structurally distinct aromatases, which share only
60% identity, and are the products of different cypl9 gene loci, named cypl9al and cypl9a2.
Cypl9al is predominantly expressed in the ovary and testis, whereas the expression of
cypl9a2 is restricted to neural tissues such as the brain and pituitary. Thus, this unique
feature of fish in terms of aromatase gene structures provides an excellent experimental model
to investigate the molecular mechanisms involved in the tissue-specific expression of
aromatase in vertebrates.

The major objective of this thesis has been to investigate the transcriptional regulation of
two different forms of aromatase, brain and ovarian aromatases in teleost fishes. For this
purpose, I have used a teleost fish, the medaka, Oryzias latipes, since this fish is available in
large numbers year round and are readily maintained in the laboratory and manipulated
experimentally.

In Chapter II, the transcriptional regulation of the brain type of aromatase (cypl9a2) was
investigated especially in relation to a transcriptional factor, Irh-1,which belongs nuclear
receptor 5A (NR5A). Firstly, I isolated medaka NR5A members and found that only Irh-1 was
expressed in the brain of adult medaka. /n situ hybridization study demonstrated that the
region where /rh-1 mRNA was expressed covered that where cypl/9a2 was expressed in the
hypothalamus. I then hypothesized that Irh-1 plays a role in regulating cypl9a2 expression in
the brain. In vitro promoter assays revealed that the medaka cypl9a2 promoter was
up-regulated by /rh-1. Furthermore, deletion and mutated reporter gene assays were used to
determine the Irh-1-responsive site in the cypl9a2 promoter. Thus, I provided evidence that

Irh-1 is a major transcriptional factor which up-regulates cypl9a2 expression in the medaka

hypothalamus. The present study is the first to demonstrate the mechanism for the
transcriptional regulation of brain aromatase in vertebrate brain.

In Chapter III, I investigated the roles of two transcription factors, Irh-1 and/or ad4bp/sf-1,
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in the regulation of the gonadal type of aromatase (cypl9al) using ovarian follicles at various
stages of development. I first showed that using transient transfection assays, medaka Irh-1 as
well as ad4bp/sf-1 up-regulates cypl9al transcription. Ad4bp/sf-1 signals, but not those of
Irh-1, were detected by im situ hybridization techniques; the signals were found to be
restricted to two cell layers of ovarian follicles, theca and granulosa cell layers. RT-PCR
analyses revealed that the pattern of increase in ad4bp/sf-1 transcripts was almost parallel to
that of cypl9al with the highest levels during active vitellogenesis. The levels of Irh-I
transcripts were elevated in follicles during active vitellogenesis. Based on these findings, it
is concluded that during vitellogenesis ad4bp/sf-1 is a key transcription factor for controlling
cypl9al expression in medaka ovarian follicles. My findings also suggest that during active
vitellogenesis Irh-1 may play a role as an additional transcription factor for the maximum
production of estradiol-17p.

In Chapter IV, I investigated the ir vivo and in vitro effects of estradiol-17f treatment on
the expression of two forms of aromatase (cypl9al and cypl9a2) and two kinds of
transcription factors (ad4bp/sf-1 and Irh-1) in the ovary and brain from medaka embryos and
sexually mature medaka females. Although 24 hr E, treatment did not affect cypl9a2
expression in the brain, E, treatment for 5 days upregulated the level of cypl9a2 transcripts
several-fold. In embryos 24 hr E, treatment drastically stimulated cypl9a2 expression. In
contrast, E, had no effect on Irh-1 expression levels in the brain of either adult fish or
embryos. These results suggest that E,-induced cypl/9a42 expression in the brain is not
mediated by an Irh-1 pathway.

Up-regulation of cypl9al expression was not observed when medaka females with ovaries
containing ovarian follicles at different stages of development were treated with E,. Instead,
24 hr E, treatment in vivo caused a rapid decrease in cypl9al, ad4bp/sf-1 expression in stage
8 ovarian follicles, although this treatment did not drastically affect the follicular level of
Irh-1. However, in vitro, 24 hr incubation of isolated stage 8 ovarian follicles with E, revealed
that E, did not affect either cypl9al or ad4bp/sf-1 expression. Taken together, these results
suggest that E, down-regulates cypl9al expression most likely through the down-regulation
of ad4bp/sf-1, but the action of E, on the down-regulation of ad4bp/sf-1 transcripts does not
seem to be direct, but is mediated by other factors derived from extra-ovarian tissue.

Fig. 23 summarizes the regulation of cypl9a2 and cypl9al gene expression by two
transcription factors and estradil-17f3 based on my findings obtained from the present studies
using medaka. The expression of ¢ypl9a2 in the brain is mainly regulated by Irh-1. Estrogens
may influence cypl9a2 expression in the brain, but the mechanisms involved in this effect are
unclear. Ad4bp/sf-1 does not appear to be involved in cypl9a2 expression in the brain.

Ad4bp/sf-1 is the major factor regulating ovarian cypl9al expression in ovarian follicles,
while Lrh-1 is an additional factor in the follicles during active vitellogenesis. Unlike
cypl9a2 regulation by estrogen, ovarian cypl9al transcripts are drastically down-regulated
by estrogen stimulus. This action of estrogen is most likely mediated by a rapid decrease in

ad4bp/sf-1. Although the down-regulation of cypl9al expression is closely related to that of
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ad4bp/sf-1, estrogen action on the down-regulation of ad4bp/sf-1 may not be direct, but
mediated by factors derived from other extra-ovarian tissues.

Thus, the studies described in this thesis have laid the groundwork for more comprehensive
analyses of cis-acting elements and transcription factors that mediate differential expression

of two forms of aromatase, cypl9al and cypl9a2, in gonads and brain of teleost fishes.
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MATFoAf REALEVIITHESWEZEL TAMEBOETHI M, 22Tz X bu s
VIIEREBROMOESEEHTIEELRRTFCH D, FEMLER (Cypl9) 7 Ful/
VETA MRS U RERSYIREERETHS, TOEFRIMALERE TR IBEREOE
BEBFIZIVa—FERTWAYR, 2OEREFREAFNEBBEIRALARSE Y, RETHT
A bhuFURERBOSESL. SIORE. HITER RS EDLS, REOFEF(ERIT
AETERR . HIWCERE (Cypl9al) &Y (Cypl9a2) W RBETI2HEBEORLIBETFHF
L. AEEP020MAMKETYT, BEHFIX. 20X RBEHERTAREDN., FELE
FEEFOEE. MRERNEEBREIHRTIBNLETALRDIEEL, 2 FTEA
WT2BOEENBEREFORRCRETEERT (NRSAH) xR bl okEl
YT LT,

ST REEL. WAL EES (Cypl9a2) BAFIORKTHOE 3 MERLOME
WHRRBETA -, SLIZAUMKBIZ NRSA BERFO—2ThH D Irh-1 B EHT
DI ErERMLE, EbiT, Ith-1 |X Cypl9a2 ODEERRET I LETT L EHIT,
Cypl9a2 BiEF LD Irth-1 ABEBERE Lz, —FH. AF 0 OHKTEITIX addbp/st-1
ORBEIBHOOLNRBNVWILEFRLE, LEORRIYV, AFVRERTHITBIT D Cypla2
BEFODPLHREHEEFIIh-1 THI I EEHELMTLE,

wic, EREBRBEFNESE (Cyploal) OIFRTOREMBPIIFIGMRRZRVED 2 &
O (FREME L EREME) THDH I &, addbp/sf-1 & Ith-1 bR CHEBITHF
ET A& %8R LI, Cypl9al & addbp/sf-1 DFEBAF— i3I —HL, WTh bl
DOFRZLELHICHEML, IIRBAEBICAR L, —F., Irh-1 OBBRIIMBPREHAZEL T
B, RBEBOLEEIIIELAL LA Pol, TRNHLDREENDL, Cyplal BRIEF DR
BT addbp/sf-1 I LV EIBERTWBZ &, E Ith-1 X X b v & & EREH AT
HWREZRLTZEEZHELL,

¥, IO 2BOEENBEFEEFLEERTFORRICRET=A IS Y (=X b
FOF—N-11B) OBEERF L, RADOMICRIT B Cypla2 ORBIT. EHH (24K
M) Oz X ru A UnBETRESIAR LN, 5 BEAOLETIIEMLE, —FH.,
{CEMDOXFIETO Cypl9a2 DERIZZA bn UV RABTHRTHICOEF L LA L,
WTNOBERY k-] ORBRBIEEBRRD b oT, o T, TR Mu S IidHK
HEFIVEEORRLREETIN, ZOERAIT Ih-1 OFZREBOEBZMFEDRVAI=X
LTI VHEIEERTWB ERERLE,

SRESIZ 1T B Cypl9al BEFORBEII, RO LORHMICBNWTL TR ba s i
BtV EFLidhot, i, SIHREHOIM (Stage 8) TiX 24 o= bu
VHLEE (invivo) W2 XL Y Cypl9al & ad4bp/sf-1 DRBPBE L BH Lieh, Irh-1 DEBI
BEE AN o7, L L. Stage 8 DS BESIa 2 = A hu LR LTS Cyplal
& addbp/sf-] DRBICIREBEIRD bR o, —7F . Stage 8 04 BEIR I & A FE BRI B
RNEL LEEET D L Cyplal & addbp/sf-1 DEBRB LR L, €0 T, invivo TREZ
NETA X 2k 3 Cypl9al DB, BROT7 4 —FAv JILEDOMTERFOLE
FERFIE AT L OH WIS 2N Ui addbp/sf-1 BEFORBMENT L2 b0 LEERE LK,
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AFRICLY, AFXIOL2BEOFFLEEZFECFORAR, BRI 2EROEERT
(ad4bp/sf-1 & Ith-1) Lo THIBEI R D Z L, &b, MERZA M/ rCE->ThH
BR3EE (WELERE) 2RI BELMIERE, ThOOHMRIL, FHEBY
BRI IFBFNMBEROBELEAME AN =R LILETI2EROMAICKRELSFETHLERD
N3, ¥, BHLEMNOAFIORBZA P U LTEDLDTERVEREZET TS
IERRENLIEIE., BRBMOFHEBOVLENECRESNLEAOREEERADL L
TRIZEETHD, UEOZ thb, BFEEHOMHEIX, BERI L LTHARNEEZFL
TW5 ¥ S,
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