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ABSTRACT

The hypothalamic peptide GnRH plays a central role in the regulation of the mammalian reproductive
axis. Recent studies suggested that GnRH stimulates or inhibits the ovarian steroidogenesis and ga-
metogenesis directly. Our previous report indicated that GnRH gene is expressed in adult rat ovary as
well as in hypothalamus and that the expressed GnRH may induce the follicular atresia and apoptosis of
ovarian granulosa cells in rat. Therefore, we studied whether GnRH gene is expressed in the mouse
fetal ovary, when the germ cells are degenerating by apoptosis during gonad differentiation.

Mouse fetal gonads were obtained on the 12, 15, 18, and 20th day of gestation from the mother mice
superovulated (101U PMSG and 101U hCG) and mated. The morphological changes of fetal ovaries
were examined histochemically by hematoxylin-eosin staining. The fetal sex was confirmed by PCR
methods for sexing, RT-PCR methods were used to examine the expression of GnRH gene and the sex
steroid hormones were determined by conventional radicimmunoassays,

The levels of estradiol (E) and progesterone (P) were increased until 18th day of gestation and then
E was decreased just before parturition, The morphological changes of fetal gonadal tissue sections
showed the ovarian development and coincided with the result of PCR analysis for sexing using ovary-
or testis- specific oligonucleotide primers. Immunoreactive GnRH in placenta was decreased gradually
until the end of gestation but fetal brain and ovarian GnRH were increased. The level of GnRH gene
expression was increased during fetal ovarian development from 12 till 18th day and decreased suddenly
on 20th day just before birth. From these results, it is suggested that ovarian GnRH may play a regulat-
ory role on the germ cell differentiation of fetal ovary.
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EFEEY Ao RHEle GnRH (Gon-
adotropin releasing hormone)+ ¥3t5# ¢ GnRH
receptorE AN A o34 G o2 EE gonad-
otropin (GTH), & follicle stimulating hormone
(FSH) 3%} luteinizing hormone (LH)¢] ®r|E& %3
31, FSHe LHE 434 2 2 24784 432
o AL 75 A

GnRHE Y49 75& 94 == A5 34
(Hsueh & Jones, 1981; Sharpe, 1982). GnRHE =
d AT cyclic nucleotide? A& oAstn
(Knecht et al.,, 1981), LH, prolactin (PRL), FSH,
insulin-like growth factor I (IGF-1) &) (recep-
tor, Rc)9 58 ZaAA 2HRo|E §H4, G2
3%, Widg AR dFe] GnRHE 2RdA &
oJstd, G S M@ AR St (Erickson ef al.,
1985,1994; Clayton, 1987; Billig er al.,, 1994). %4
GoRH¢ GTHE d4dA = uk-g-& Yepdt, &,
progesterone (P) ¢ 4L sl vjde §x3
t} (Hsueh & Erickson, 1979; Hsueh et al., 1988
Yoon et al., 1989). T dAte] RFEEE F5a
( Hillensjo & LeMaire, 1980; Hsueh and Jones,
1981; Banka & Erickson, 1985; Yano et al., 1997),
vjoke APMEANAN 20 a-hydroxysteroid dehydro-
genaseE A=2§t} (Jones and Hsueh, 1981), &)1
Q1|4 ZHE arachidonic acid W&& AFsld,
prostaglandin E¢} Fo} #4& FH3nz Wds &
23t} (Clark er al., 1980; Corbin & Bex, 1981:
Ekholm et al., 1981,1982; Dekel er al,, 1983, 1985).

olg] 3t Byl GnRHE] A 287 A= 242 3
P M (Jones er al., 1980) 9} & AE (Harwood
et al., 1980a,b; Pieper er al, 1981)°] U&= EA3
GnRH Z3 298 238 dad 23 288 3= 3L
2 434 gith. GnRH7L dau 2HZol= e

w43} 44

G3e F+= AL diacylglycerol -protein kinase-C 4!
AE T3 2¥dctn ¢34 Ao (Fanjul er
al., 1992).

&5 E AA S 83 daoA GnRH antagon-
iste] #8-& TAZ 3o GnRH Ei& GnRH-like
peptideZt Aol A AH MAE o] paracrine hor-
mone 0.2 Z+-g3c} (Birnbaumer et al., 1985: Aten
et al., 1986) L 7FYH AL, 8F 4L GnRH7L
A3 Addte o] AR AS AW 84 2%
AFE F3) B3 (Jones et al,, 1980: Bhasin er
al., 1983; Aten et al., 1986).

¥FF9 GoRH Az 4709 exond 3709
introne. 2 FAEe Jemw, I IAVE thF 45
kilobase (kb)2 (Bond et al., 1989) ©]232E] Al
© Yde 10709 ofpxAto 2 FAHE Hetol=g
o2t} A9 GnRH & GnRH-like peptide®] &)
g 97387 938 oligonucleotide primerg o] &3t
short segments DNAZ 842 £E3o Ase
polymerase chain reaction (PCR) ®ol =99
o §HAY 23 ol wEHE A7) tE AEd
RNA=ZY-E gtEo]Z cDNAE PCR %319 (Choi,
1990; Park et al.,1990; Yoon et al,, 1991; Choi et
al., 1994), A&8 #8F daoM GnRHY @S &
A& 4 YA} (Oikawa, 1990: Goubau et al., 1992;
Choi et al., 1994). it} o} A ejo} ol A9
GnRH f379] 28 7o daixe nasA] &3t
ot Goubau 5 (1992)°] w=" Ajdsts-¢] GnRH
mRNA%H= @3 #5 ¢4 9 mRNAE 433 43S
AXA ke A3 AAEL [k Choi 5 (1994)
& GnRH A8 279 Midd A& A8 Ax
F g #dFH A ZAHAANA in sirw hybridiza-
tion (ISH)3} immunchistochemistry (IHC) & 3
A2 23, GnRHY AAMA = dx 9} FA A et
v, GnRH peptidex= HEME, G7AE, 38 &
Wt x e}l o] WA EXgcia Bus. E
Yoon T (1991)-& GnRH7} B shdxojr] wddcin

lvO{l
2l
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ol #HZolw GnRH 58419 371 8 5 &
A day YA E, FAARE, I TN HEH
o, = 2¥Egy dHdAYrt (Pieper et al., 1981;
Deckel et al., 1988; Peng et al., 1994; Bauer-
Dantoin & Jameson,1995). GnRH &3 $17¢]
A FEAME AEHAE (Kogo er al., 1995). Gn-
RH= M E9 apoptotic cell deathg f'¢3in
(Billig et al., 1994), insulin-like growth factor bind-
ing protein 4 A& F3ato] dx7} Hilete s 3}
2 BuE Y (Erickson er al.,, 1994).

Yo} e AMER gA oA HAAZF 54
=3 TA] 283HE germ cell loss7} R} GA o]
ZAH S 98] programmed cell death7} dojd
th= B AE ( Coucouvanis ef al., 1993; Pesce, 1993,
1994; Tilly 1996) 2 ti&o] ezl X BAL £35
ol germ cell loss7b <3291 GnRH #4212
38 EY s E AR

ayez, B dTe AF A dart dlste
712kg GnRHe} f-28A7F 2@ A1 § gotruz
st

Mz o Uy

LUESE

2 AgIAE RUEEE AN FFeL 8
73 ICR 448 AHgsideh. T35 14A2/1002
(light /dark) 2% 24 3~4943t H-EA7]2, o
019 B¢ F¥3l Fistel ol AHE AT

2 AE MR BE

WA FaA 28] A8t 51U preg-
nant mares’ serum gonadotropin (PMSG, Sigma)
£ 3143} phosphate buffered saline 200 ul& B73
Abg F 4847+l 5 IUS] human chorionic gonad-
otropin (hCG, Sigma)E FA3A, FHI FAA
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Atk &g A7 (vaginal plug) & #<lsta o] dg
192 3t 247} 12, 15, 18, 2080 JAE HE AF=
Astdot, AAEM (cardiac puncture)ol 28] ¥
& AAs R Al e HAE Y53A At
o) dae) i) HEe WS GAs] A A
10% neutral buffered formalin solutiono] 74|
ek B2ty 47 E 918 genomic DNA PCR
Al BNz T8 5 A 38 DNAE 28 o
72 A HL) FEYFAA —70C AL BE71
Boe] FAh At A4 ko)A GnRHS w3 B
7] 43 @) At A dAE B3ty Chomczynski
& Sacchi (1987)¢] #hde] @ RNAzol™B (Bio-
tech, Houston, TX)o 2o} &u}&2 RNAE 23t}

0 TR T 1

3 AIF EfXtel =ZE| 8ty

Bz o] Fehd Waks fEar] s 228t
Q] FHl & 3kt

10% NBFe 243 & ei28 ¢F Mg #8E& A
Z @5A)7)4, xyleneod] FW3AIZl ¥ paraffin
(Paraplast, Monoject) & HEAA EuiAZ ) 29
& wAA®7] (Microtome, Lipshaw) & AM4-3le] 5
pm FA 2 HAHHAT, WS xylene A HAHE F
&) RO 2NH paraffing AAs L, ¢2E g I
AL AH B2 HFF T hematoxyline 2 3L,
eosin® 8 A XS FM3A. 2En Y& Ae
HAH xyleneE A Canada balsam (Wako)o &
Bolste] PR E O 2 A ZsIH )

4. UAIHAEHYE B AHZOE 322 F
GnRH2| B2t

2 Agd AMEE AlFF AHRolE 3EEY §F
Al&, GnRH, anti-GnRH 12]3 thimerosal, gel-
atin, NaCl, 2,2"-p-phenylene-bis [5-phenyloxazole]
(POPOP), 2,5- diphenyloxazole (PPQ) 5] Ajeke
Sigma AES AMEs9, toluene, Triton X-1002
Polyscience A)&g AMslrh 2 2)o] dextran
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T-70& Pharmacia AME<S, charcoal (Norit A)&
Amend A|EE, diethyl ether:= Merck A& AL
Q. FF 2 AHE3)1,2,6,7-*H-progesterone®} 2,
4,6,7,16-H-estradiol& New England Nuclear (NE-
N, ¥73Ab el A 43t AHE-8HA .

WAl G2 (radioimmunoassay, RIA)S Yo-
on (1981) ¢} ol wgirh, E A@AXN FUQ estra-
diol (E)-6-carboxymethyloxime (CMO)-bovine ser-
um albumin (BSA)#} progesterone (P)-11-hemis-
uccinate (HS)-BSAE o] &3l Vaitukaitis (1981)
o wyoz B AT A IHE A3
t}, Progesterone?] wxz} ¥h8-&-& estrone® 1.7%,
cortisol, testosterone (T) 9= 0.0001% ol3tth &
FTHE ol 43 FBE (accuracy) HANA P 3
BT & r=0.99%591, 2= (sensitivity) = 2.925pg /
mio|gch. Po WA E#e (withinassay variation,
WAV) 2] wo]Al4= (coefficient of variation, CV) &
3.6% (QC1), 5.7% (QC2), 6.1% (QC3)°lx, YA =
#2) (betweenassay variation, BAV) <] oAl
6.3% (QC1), 5.3% (QC2), 8.9% (QC3)°l%tt. Es-
tradiol?] w3} ¥g-&2 P9} T 25 0.0002%°| At
E9 R8T & r=0,99901901, %+ 6.40pg /mlo] %
t}. E¢] WAV/CVE Z+2} 3.8% (QC1), 2.8% (QC-
2), 5.1% (QC3)°I%l1, BAV /CVE 8.2% (QC1), 6
9% (QC2), 11.6% (QC3) eIt

A1) GnRHE 64]9] methanol® &3t} ©)
uh ok 2 o] 222 01 N HCLE #H7sha B4
Aon, F3A7 F A4EE (3,000xg, 30 min, Mi-
nifuge) 2 454 2T F 919 o] 3%
22 AAAAE A B7|AZEF L RIA buf-
ferol xo] B A3A} A 9] 5582 8.4%
ollon, Bute) & 542 80.4%01 40t EFA
¥ synthetic GnRH (Sigma), 3#l= LHRHBSA

2 E7le) He=A8 anti-LHRH (Sigma, 1.8391)&
2008] 3|43t AL T, o] FFA HASAHEE €
£33, 112 B FHAE AR, A &

oY% - 8¢

w3t A4

X 1.5pg /tube °1%{th. 20pg, 50pg, 300pg Z+zt
o] WAVE 9.5, 6.7, 4.3% ©I1, BAV & 9.8, 7.7.5.
4% oA

EASH FoA AHAL one-way ANOVA with
t-test WH& AHEER LR pgkel 0.058 0 22 B¢
E frofsicta #A st

5. PCRE 0|38 M EfXle] HaH
Genomic DNA PCR® 0.2 gizte] & - 4+ 7S
CIEi=
Genomic DNA%&2 Gross-Bellard 5 (1973)9
WS ARSI WEE 2HE oA %A F
1ml homogenation buffer [0.1 M NaCl, 0.01 M
EDTA (pH 8.0), 0.3 M Tris-HC] (pH 8.0), 0.2 M
Yol x2& FAEAY. o] el
62.5 ul®l 10% sodium dodecyl sulfate (SDS,
Yol 65 a2FZoA 30 B3 wikar
t}. o7]9 8 M potassium acetate (Sigma) 35 ulS
gol 4¢coA 1 AMEt wdd F, refrigerated
microcentrifuge (Vision Scientific Co.) & 5,000x g,
0 23t Y48t £E F89& N2 tube
l &7 %, $%9 saturated phenol
isoamyl alcohol (25:24:1, viv:v)3 F& chloro-
form:isoamy! alcohol (24:1, v:v)2 Z}7} F&31
t}h. DNAF& 2] X85 Je 454E 423+ AN
ol 7)1 100% ice-cold ethanolE 73t 1 Azt
ol ALWE7INA AHAAL. 1 §F 4TAM 30
7t 14,000 X g2 92T F, 1 ml9] 80% ethanol
2 AFsta, AEE 3754 9™ F 100 Wl TE
buffer (10 mM Tris, 1 mM EDTA, pH 8.0)2 &3
AZt, DNA %% UV/VIS spectrophotometer
(Pharmacia) & AH§-3t4] 260 nmo| 3AolA] FFx
& 245t AEEArt
PCR-& Daehan Medical Co. ¢ capillary PCR 717]
2 AA3E AEAAL 93 PCRY primer (Cui et
al, 1993)& o3} 2tk pYMT2 /BE

sucrose | &

Sigma) &

: chloroform :

encoding3}



Dev. Reprod. Vol. 1, No, 2(1997)

= AH9 Y chromosomeldl Sle testis-specific
gene (TSG)¢] primer (A)9} B2 FH(ZP3)Y
83-85 KDa glycoproteing encodingsty= 24 #27}
2 A3 ovary-specific gene (0SG)#] primer (B)
€ 27zt 5 pmoly Atgslgon, 1 A7IYE EHME
o537 2sid

A @5 TTTCTCACAGTTGGAAGGAAGGTA-3

@ 3-CCTCGAGATGTCACTCTGTCCTA-S,
B : ©5-TGTGGCTTTTGCCGGGTGGAACT-3
@ 3-CTATGGCTGCACCAGTCCAAGTTG-5'

Z259 0.1 ug/ ul9 genomic DNAY =7} Z
Z} 200 M8 dNTP 1 ul, 10X PCR buffer 1 ul, TSG
@, @9 0SGD, @ ztz} 1 pl, sterilized water 2 ul9}
0.5 U/ pl2l Taq DNA polymerase (Promega) 1 ul
£ Yol 4& ¥ capillarydl ¥<ith Pre-denaturation
3HE-S g4colA 30 27 AAIE F annealing®h-8-2
55Co4 5 %, elongation ¥g& 72TCAA 15%,
denaturation ¥3-& 947TCM 5 2E 40 33 Fo
post-elongation ¥+g-& 721l 30 237 A3
Hl-20] ¢ 3 PCR product® 2% agarose gel (Se-
akem LE, FMC)el 100 Vel 35 &3} 1719 & 3 o
ethidium bromide2 H4{3l UV transilluminator
(Ultra Lum, Carson, USA)2 #Isich o3l9
PCR 42 203 bpelx, 79| 4H&- 151 bpo] At

6. RT-PCRO{| 2|8t GnRH &AL Wéd 24t E4

Total RNAZ #Z3ul7] 91514 RNAzolo Hol&
WA E Tissue tearor (Biospec Products) 2 #3233}
AlZ] &, 12,000 g2 15 B3 Y94dRe st RNAE =
el e FAo 445 ol 74 F
A5 o) isopropanol& H7hataL 15 &3t 4T A%
35, 15 £7H4colAM 12,000 g2 44828 RNA
g ARANZAS 459 S geHP £ 75% ethanolS
Wil 4TolA 8 &7 7500 g2 YA E 3k RNA
AAES AZAZ & DEPC-treated waterol] &34
#A 60T 15 3t vt A28 F 710 B#3HA

GnRH mRNA in Fetal Ovary
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Reverse transcription (RT)%H-gol& 1 ugdl total
RNAZF A5 9th RTsystem (Promega)< 20 ul
nkgo 2 ALEE ) 25 mM MgCl, 4 pl, 10X buffer
(10 mM Tris - HCI, 50 mM KCl, 0.1% Triton
X-100) 2 ¢l, RNasin 1 U, AMV (Avian myelob-
lastosis ‘virus) reverse transcriptase 15 U, oligo
(dT);s primer 0.5 pg, total RNA 1 ugE® ¥2> %
RNase-free water2 Fuh-3- 8488 20 ul2 W3
olgA e &g 1 A FF 42T FAHL,
RNA-cDNA hybridizationg 717] $]3] 5 £%<F 99¢C
ol q #Q oy 4CoA 5 B2 A F AREH 74A
A2 P57l A4 FAch

PCRol| A} GnRH primer (Azad er al., 1991) 2
¥ 3 GnRH exond 5'¢ & = 5-CACTAT-
GGTCACCAGCGGGG-3#} 3HA exong Send &
Aol 5-AGAGCTCCTCGCAGATCCCTAACA-37}
AHEEIQ13, PCRY) 2 FZ & fragmente 375
bpol At

PCR #r¢ mixtureo] = GnRH primer 2tz 1 pl$}
10x reaction buffer 1 ul, INTP mixture (2} 200 M)
1 ul, sterilized water 4 ul, 0.5 U Taq polymerase 1
ul, RT wrg-0] £d cDNA 1y} 230} & 42
10 pl8] $94L capillary® £73 t}& PCRE 44]8}
At} Predenaturation ¥H3-2 94T A 30 &5 F9
annealing ¥H-¢-2 554 5 %, elongation WHg-2
72°CoIA 15 %, denaturation ¥H2-2 94Tl 5 X &
40 38 %o postelongation ¥H2-2 72CAA 30 2 F
ot AAI3I. PCR products 2% agarose gel
(Seakem LE, FMC)ol #7453 Fof ethidium
bromide® g3}t transilluminator & &<l3}t},

GnRH9 ¥3d AT &= densitometerZ &34 31t}
A 719 %53 gel2] Polaroid A& Micro-Tack scan-
ners scanning? %o] Cream program (Kem-
En-Tec Software System, Denmark )< o] &3} &
A st 1 AFE arbitrary unit (AU) 2 A}
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Fig. 1. Microphotographs of fetal ovarian development in mouse fetus.

The ovarian tissue sections were stained with hematoxylin-eosin ( x400). A. 12 day, B. 15 day, C. 18 day, D, 20 day old fetal

ovary. GE: germinal epithelium; GR: genital Ridge; MT: mesonephric tubule: OG: oogonium; OV: oviduct

4

1. AIF| EfX} HAvo| Lo W2 R SHE H3)

12, 15, 18, 20€ A9 AF A& 1 F 27
7S hematoxylin-eosin® 2 QA3zla] e Ao
Fig. 191 Jebliith.

12979 ehRol= 743 intestinal loopdl] ¢ st
ZA# (mesonephric duct, MT)o] 2z JAgo=
Wofi}2 A4§7] (genital ridge, GR)7} #&H L
o (Fig. 1-A), °] GRol& F%& HAHEE0] 97
st AU 159 ojF 9| diE A3t AF 9} vws)
o YA Tt 2 e o n &3 et
15800 52 AL 7HAE YA E (oogonia) & \dA
£ (oocyte) 7} A9l FY3HA EE3ka Ut 18, 20

e

QoA E Tk Bl Sl BAb) B2, 53
1897 2028] Aol ol AgEo] Yol WAE
o] 4% 4 Y (Fig. 1-C,D).

2. 2H I AHR0|E 2R sk Ha}

ef 2] WA B Fot Ao AHZols SEE W
3t dolry] 3 YA A P 2H R =
3229 35 Wzt #&d 44¢ Fig 29 2o

Estradiol®] 5% 94 ¥ 1284l 57.2+5.7,
1594 = 1.290, 182ANE 2.1M2 S/, 20
Aol 47.6+8.7 pg /mlE 74353}, Progesterone
9] T A ¥ 129449 19.1+£3.5 ng /mlo]| e
W, 15¥el& 59.6+7.3 ng/ml2 @A 3] Zr}13lo] 18
YAA FAHReY 20990 31.2+1.3 ng/mE o}
Al sk
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250 - B Estradiol{pg/mi)
C Progesterone{ng/ml)
200 -

150 -

100 4

12 15 18 20
Gestation Days

Fig. 2. Changes of estradiol (A) and progesterone (B)
of maternal serum during pregnancy in mouse.
Data are expressed as mean+SEM (n=5). Estradiol and
progesterone levels were measured by RIAs in sera of
pregnant mice at 12, 15, 18, 20th day of gestation, *, stat-
istically different from control (P<0.05).

f

234>
194>
118>

MK M F M

Fig. 3. Electrophoretic analysis of PCR product for
sex determination.
PCR products are electrophoresed on 2% agarose gel
stained with ethidium bromide and viewed on UV
transilluminator. MK: PhiX174 DNA Hae [ marker, M:
male specific product (151 bp), F: female specific product
(203 bp).

3. M7 EiXte] M HY
A2 x| o8 Aydo] FE A folle vzl Y4
AE A8 Unx) 220 2 HE genomic DNAE 3

Foll, PCRHoz2 FFA7]a1, PCR A4EE

f

iy
o

GnRH mRNA in Fetal Ovary

1%

2% agarose geld]l A719%38 % UV transillumina-
tor2 ARG, FEE @] A& PhiX174
/HAE Il marker (Promega) 2 ¥]x 243890 ¢
Aol FEDHL 203 bpol 1L, 739 FEIGHL 151
bpolXitt (Fig. 3). o] 25 TAZ o}7] 449 A
3} vkl A1) S BEE 4 A =
12 g9 i) AE7F el NEQ]S E13Ia

4. 47| EfX} Aol WEO) M2 GnRH REAY &
=Ty

AANA i 75 F23 98¢ 3+ GnRH #
A7}t oM gds=xg olnr) 5t RT-
PCR& A8ttt (Fig. 4, 5). 941% 12, 15, 18, 20
dnje] e dholA total RNAE &3 %
RT-PCR¥¥ o2 GnRH §32e] 28e zAle
#& (Fig. 4)o YAt GnRH mRNA9| 283
& Pacting] HEA T vlmale] AU vehd 24
2} 12 doll& 23.25, 15 Lol 39, 18 Yol 64.3, 20
A& 26.301 Ak & 12 Aol 18 Y7ix) FRlH oz
GnRH mRNA¢| Z&o} 71314ttt 20 dolle 3@
o] ZAste Aoz Jeiytt (Fig. 5).

i)

5 ZHQ| EAn efet, EfXte| HF 3 HAL) GnRH
9| Hs}

B9 ¥& 9 WAy immunoreactive GnRH
(iGnRH) 7} ZAo|M B QA TE Bzl A &
FHAeAE &3] 98t ¥ 2 22 GnRH
FFE AFsA Fig. 60 Jepide) =A9 @4
FEE JARVIANAM 24974 10~11 pg/ml 5
oA & W3y} At A et 2 iGnRHY 5
Te dARZ AYSEA 13 pg /mgPRE £
A 3 pg/mgdiid £EO2 AT $A7) dojye
Aoz 2459}, 22l 13 9 A YAay iGn-
RHEEE AFadev, daL7]e 2471741 @4
A F7teh (P<0.01). WA ke 154A1F 4
A NA 3.8+0.2 FEoI Dot 20U & 48] B F
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M 12 15 18 20 M 12 15 18 20

—actin
872w 603
603 ™ 310w «—GnRH

Fig. 4. Electrophoretic analysis of RT-PCR products

for GnRH mRNA expressed in fetal ovary during
ovarian development.
One microgram of total RNA was reversely transcribed in
20 pl reaction. One microliter product of RT reaction was
amplified by using a capillary PCR machine, PCR
products were visualized by UV transillumination. M:
PhiX174 DNA Hae Il marker. The numerals indicate ges-
tation day. A. actin expression as a control (764 bp) B.
GnRH transcript (375 bp).
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GnRH gene Expression (AU)
»nN
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1

(=4
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Gestation Days

Fig. 5. GnRH gene expression pattern during fetal
ovarian development in mouse.
Data are expressed in arbitrary unit. One microgram of
total RNA was reversely transcribed in 20 ul reaction. One
microliter product of RT reaction was amplified by using a
capillary PCR machine. PCR products were visualized by
UV transillumination. The gel was scanned and analyzed
by densitometer, The numerals indicate the gestation day.
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Fig. 6. Changes of immunoreactive GhRH in maternal
plasma and placental tissues of mice (upper panel), and
those of brain parts and ovary of fetus(lower panel).
iGnRH levels were determined by RIA using commercial
antibody, Data are expressed mean+SEM ( n=6). *(P<
0.05) and =(P<0.01), statistically different from the
mean of levels of 13th day samples (upper)and of 15th day
sample (lower panel),

THIE o] HateA A9l gonadotroph M Eel gle
Ga8A (RC)SE 23l ¥ Azz 3i9e
gonadotropin®] A3 EH|E §x3t} GnRH +&
A (GnRHRc) & #iuh, 22 A, AAA B4 &
8] o] EA)gtt (Jones et al., 1980; Whitelaw et
al., 1992; Peng et al., 1994)

oln] B g Al4-3t GnRHE RT-PCR¥HEE
Yoons (1991) 7 Choi % (1994)°] 28§ GnRH¢]
mRNAQS Budtul glonz 2 Ayojrse] 43
A7 ezl oA 9] GnRH #2zle 2@ o g &4
&ttt Capillary RT-PCR & AH8-sted 43
2 daol A GnRH fr3abe) 2@do] b 237} 7
Pgol M} & 12~18 A7AA Fristke A& Hop
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GnRH7} A 9] §-3le 2 - Ao g dAse RS
e 4 g1t Capillary RT-PCR 9] 142 AH
Bz} i ol A& gog wdsH:E GnRH
mRNAE $FAE + e ol 7173 A2 ez
srtE ). efh daol A 9] GnRH mRNAS9] o] 7]
3% GnRHY ##E 53l AL ojdAele 2
A9 e gz GiolA GnRH7F 2ddEde 3
WA Balojt}, o}-g2 GnRH7} ez} dao A BE o
A ¥4 3 9@ JAu germ celle] wHAlo) auto-
crine B+ paracrine hormone® 2 283t #Aolzh=
7Hdo] Al7|E ol a8 FAE T wHo| 7
adhe AL ¢ao B3 2 dAal A¥e vy 943
33 AAFQ BAgE 7 | Aol 7P

YA Xl thg GnRHY 24 d¥ 9 A4 Ae)
o wel 2o, wjdd dEe QojME W de
(Hillensjo & LeMaire, 1980) % 9% 3¢¥ (Ekholm
et al., 1981) & frEste 2 4L 3o a3y o

< dENME GnRHZ 2 Al 248 yehd)
% 2H o= §43 GTHRe g #aA7Y
(Hsueh & Jones, 1981; Yano et al., 1997). GnRH
agonist7} HPAHENAM HMEAAALE §4 (Billig e
al,, 1993, 199%) 33 “EE3le] A F =< IGF-BP
(insulin-like growth factor- binding protein IV)
ABTE  (theca-interstial cell)o] <3 AARE
paracrine factor?l TGFa, KGF, HGF %9 J4&
A=+ (Erickson ef al., 1994) e}, £33, GnRH= 84
daod 3y HIEE F2AZY. Billig §
(1993)l 2l8}H estrogend W el EH3lE Agxstx
androgen? W9 E3E frmshedl, ol wFo
GnRHel| 93 vtx o] 3} 282 steroidogenesis®l
ZA T A EAAANE B3 o] FojAe Ao g A1
g1tk & GnRH7} steroidogenesisel] 3t gonadotro-
ping] #&% A8l 1 stercidogenic enzymes] &
$ 2389 (Kimura, 1992). Kakar 5 (1994)°]
(g4, A4, RA)A
RT-PCR¥®¥ 22 GnRH receptor mRNA9Y &A1&

steroidogenic  tissue

GnRH mRNA in fetal ovary
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A AL o8 FAIh £ A7 AAE GnRH
2ol g BANT METAAA FE 5L H
wrA g}, Wray 5 (1989)¢] 2% GnRH mRNAES
Bk AXE AFCA W2 1159 324 43
A ZE A ZAE, o8 F A7 AHEL A e o]
9o 2ot 71 M FA 9 FuHE GnRH7} =
¥ ZEARRA, 53] dhoME BEHF o daME
o FeiF, 7154 e 48 Ao spPgdn

HRAFAAHE L B w9 o] A7l AlgE
FHH X extragonadal origing 71X A& 49
stem cell (primordial germ cell) A 7] 3c}, vt
A 8 dA A "R ME 15~100 70 primordial
germ cello] A7]3 yolk sac endoderm¥ allantoisoll
A w7A=™ germ cello) passive transporte] 93 &
& (hind gut) o] Wl FHHE 2 o] T8l R0l 99
o] eiAtellA wAEn 10 49 11 49 gAelME
ameboid movemente] 2]& genital ridge®] dorsal
mesentery2 ©]53l= A& & 4 Ut} Gonadal sex
differentiation 12 U7} 13 Y B xjol| A g3 o
ojdr}. 13 Y 9] Eixl M sex cordell 7o) RE A
ZEo] g3 ¥4sl oogonia® AFat Qe B3}
FU GAE M ol A YNYMES (total
germ cell pool)7} ZA 8 Aoz A=) 14 dol&
WA A2 A EEo] oogonia$} oocyteE A9 Y3}
A L3 Ak 17 4o B A 1 2R
719 gt @Al A oocyteE 7HHTh, wE @
4 AE7 A 12 BRI S e B dRAEE g
Fo = EPRss dozirt (Yoon, 1990).

GnRHE d2W AP EY N EAAALE fusich
Z UAds 2 453 A dEE A EAAA o3
HYEsE 4o Aolg /MY 9o £ 479 43z
Hol UR A7} 71 go] Z2]¥ & 18 Yo GnRH7}
7V ol HEEHAT} 20 Dol Traste AL drA
27} B gt A7)9 YR, o] A7) gaAo] 8
FRo| deln (chromatin margination), ZH3}

(fragmentation) S5, 2= 9830 Jojurh E
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M¥E €% (cellular condensation) 1, transg-
lutaminase &I ZL AFARe FF7F A
(Coucouvanis et al., 1993; Pesce et al., 1993; Pesce
& DeFelici, 1994). olelgt A7ot 2 43¢ A4S
Z33le B o GnRH7}F @A) A2 HAZSE F
uH Aojgke 7HE Al71€

AEHoZ, B dye TdF] & AF fA ¢4
o4 RT-PCR #i-& A}4-3t) GnRH mRNA2| %&
< Agow ey, E HYEHHo 2 AAHe
iGnRHE A&3A}. oA 49 YA F3iot
5|32 3lo] GnRH7} 288 Aolgte 7Hd & A st
At} gadd,

2 o

GnRHE Alg3sholA #4 2 #H|=o] H3t+4)
HAgoz 2E FSHe} LHe| 2H|E frzdty, 4L
2 O &7 F e JFE AT A2
GnRH7} A 438179) dadMe 2R og =y
i 71%E 94 2 AFse oz g Uk
£ 97%E GnRH #AA7) dae] 24 A F 1y
EAE gotn 1z At

Aag 8379 AFd 5 [UY PMSG, 51U9 hCGE

FAlsbe Blde Festch. Aol #edE ¥g 1
Az 3o 12, 15, 18, 20 YA AHE AFHA3H =
A & gl g At o} dho] 2AWE =
AGAPM AAs T, Bote FAE AT 2HL
2 DNAEZ F&3td Hd& ZAA3rh a8z
GnRH #3741 BdA5E RT-PCRE 53 243}
I, R 2ol 3225 gul, o] GnRH
Hale ARG SAY o AF AT

A3 gol 12 Ao AA7FeE Woluh2 genital
ridge7} #&5 1, %L germ cello] #FHATE 15
d o]F e iy FYHO2E ofF v} Auolu,
T A& 712 oogoniadh oocyte7t A} FUIA =
E3ha AT 18, 20 AellM e b3 A Sl ¢

243} 44

A7t BEAHAT. Hol a9 23 #A PCRE 58

o o] AR AE FAFAG 2A IR

progesterone® estradiol®] FE& 12 49 Hl3} 15,

18 Qo EA 3 Fr1ax (P<0.05), 20 Yol dA

3 zZrxsgth (P<0.05). GnRH #-3#ke] W&ok

& RT-PCRuPH#} densitometry BB 0.2 ZA 2

7}, 12 goll& 23.3, 15 Yol 39,2, 18 Uoll& 64.3, 20

dof= 26.301%Th & 12904 18 I7AA = ALHL

2 kil 20 Yelle AL Rty

GnRHE =& YA$712 JstdA dA3 Fastdd

1, das Ho #§Fe FAHez FrtsAnh o 2

72 Hol GnRH fA&E ¢4 £330} AYL+5

Ay o] Frlsled dae] 2o AT AL AR

A},

°l22H

Aten RF, Williams AT, Behrman HR (1986):
Ovarian gonadotropin-releasing hormone-like
protein (s): demonstration and character-
ization, Endocrinology 118: 961-967.

Azad N, Emanuele NV, Halloran MM, Tentler J,
Kelley MR (1991): Presence of luteinizing
hormone-releasing hormone (LHRH) mRNA
in rat spleen lymphocytes. Endocrinology 128:
1679-1681.

Banka CL, Erickson GF (1985): Gonadotropin-re-
leasing hormone induces classical meiotic
maturation in subpopulations of atretic
preantral follicles. Endocrinology 117: 1500
1507.

Bauer-Dantoin AC, Jameson JL (1995): Gonad-
rotropin releasing hormone receptor messenger
ribonucleic acid expression in the ovary during
rat estrous cycle. Endocrinology 136: 4432-
4438.



Dev. Reprod. Vol. 1, No. 2(1997)

Bhasin S, Heber D, Peterson M, Swerdoff D
(1983): Partial isolation and charcterization of
testicular GnRH-like factor. Endocrinology
112: 1144-11486.

Billig H, Furuta I, Hsueh AJW (1993): Estrogens
inhibit and androgens enhance ovarian gran-
ulosa cell apoptosis. Endocrinology. 133: 2204-
2211.

Billig H, Chun SY, Eisenhauer K, Hsueh AJW
(1996): Gonadal cell apoptosis: Hormone-
regulated cell demise. Human Reprod Update
2:103-117.

Billig H, Furuta I, Hsuehh AJW (1994): Gon-
adotropin releasing hormone directly induces
apoptotic cell death in the rat ovary: Bio-
chemical and in situ detection of deo-
xyribonucleic acid fragmentation in granulosa
cells. Endocrinology 134: 245-252.

Birnbaumer L, Shakabi N, Rivier J, Vale W (19
85): Evidence for a physiologic role of
gonadotropin-releasing hormone (GnRH) or
GnRH-like material in the ovary. Endocrin-
ology 116: 1367-1370.

Bond CT, Hayflick JS, Seeburg PH, Adelman JP
(1989): The rat gonadotropin-releasing hor-
mone: SH locus: Structure and Hypothalamic
expression, Mol Endocrinol 3: 1257-1262.

Choi WS (1990) : Studies on identification and ex-
pression of GnRH mRNA in the rat brain and
gonads, Seoul National Univ, Dissertation,
Seo ! National Univ,

Choi WS, Lee SH, Shim C, Cho BN, Baik SH,
Yoon YD, Lee CC, Kim K (1994): Expression
and cellular localization of gonadotropin-releas-
ing hormone in the rat, Mol Cells 4: 267-272.

Chomczynski P, Sacchi N (1987): Isolation of

GnRH mRNA in Fetal Ovary

199

RNA by the RNAzol B method. Anal Biochem
162: 156-159.

Clark MR, Thibier C, Marsh JM, LeMaire W]
(1980) : Stimulation of prostaglandin accumu-
lation by luteinizing hormone-releasing hor-
mone (LHRH) and LHRH analogs in rat
granulosa cells in vitro. Endocrinology 107:
17-23.

Clayton RN (1987): Gonadotropin releasing hor-
mone: Its actions and receptors. ] Endocrinol
120: 11-19.

Corbin A, Bex FJ (1981): Luteinizing hormone re-
leasing hormone agonists induce ovulation in
hypophysectomized proestrous rats: Direct
ovarian effect, Life Sci 29: 185-192.

Coucouvanis EC, Sherwood SW, Carswell-Cru-
mpton C, Spack EG, Jones PP (1993): Evi-
dence that the mechanism of prenatal germ
cell death in the mouse is apoptosis. Exp Cell
Res 209: 238-247.

Cui KH, Putland RA, Seamark RF, Matthews CD
(1993): Precise sex selected births of mice
following single cell embryo biopsy and
Y-linked testis-specific gene analysis. Human
Reprod 8: 621-626.

Dekel N, Sherizly I, Tsafriri A, Naor Z (1983): A
comparative study of the mechanism of action
of luteinizing hormone and gonadotropin re-
leasing hormone analog on the ovary. Biol
Reprod 28: 161-171.

Dekel N, Sherizly I, Phillips DM, Nimrod A,
Zilberstein M, Naor Z (1985): Characteriz-
ation of the maturational changes induced by
a GnRH analogue in the rat ovarian follicles. J
Reprod Fertil 75: 461-466,

Dekel N, Lewysohn O, Ayalon D, Hazum E (1988):



200 #4438 -2 - o4z - 282

Receptors for gonadotropin releasing hormone
are present in rat oocytes. Endocrinology 123:
1205- 1207.

Ekholm C, Hillensjo T, Isaksson O (1981): Gon-
adotropin-releasing hormone agonists stimu-
late oocyte meiosis and ovulation in hyp-
ophysectomized rats. Endocrinology 108: 2022-
2024.

Ekholm C, Clark MR, Magnusson C, Isaksson O,
LeMaire W] (1982): Ovulation induced by a
gonadotropin releasing hormone analog in
hypophysectomized rats involves
glandins. Endocrinology 110: 288-290.

Erickson GF, Magoffin DA, Dyer CA, Hofeditz C

(1985) : The ovarian androgen producing cells:

prosta-

A review of structure /function relationships,
Endocr Rev 6: 371-399.

Erickson GF, Li D, Sadrkhanloo R, Liu X],
Shimasaki S, Ling N (1994): Extrapituitary
actions of gonadotropin-releasing hormone:
stimulation of insulin-like grwoth factor-bind-
ing protein-IV and atresia. Endocrinology. 134:
1365-1372.

Fanjul LF, Deniz A, Quintana ], Santana P,
Gonzalez J, Estevez F, Ruiz de Galavieta CM
(1992): than Ca?*
mediates GnRH inhibition of FSH induced
steroidogenesis in ovarian granulosa cells,
Biochem Biophys Res Commun 188: 198-204.

Goubau S, Bond CT, Adelman JP, Misra V, Hynes
MF, Schultz GA, Murphy BD (1992). Partial

charcterization of the gonadotropin- releasing

Diacylglycerol rather

hormone (GnRH) gene transcript in the rat

ovary. Endocrinology 130: 3098-3100.
Gross-Bellard M, Qulet P, Chambon P (1973) : Iso-

lation of high molecular weight DNA from

w3} A4

mammalian cells. Eur J Biochem 36: 32-38.

Harwood JP, Clayton RN, Catt K] (1980a):
Ovarian gonadotropin-releasing hormone rece-
ptors, 1. Properties and inhibition of luteal cell
function. Endocrinology 107: 407-413.

Harwood JP, Clayton RN, Chen TC, Knox G, Catt
KJ (1980b): Ovarian gonadotropin-releasing
hormone receptors. [I. Regulation and effects
on ovarian development. Endocrinology 107:
414-421.

Hillensj T, LeMaire W] (1980): Gonadotropin-re-
leasing hormone agonists stimulate meiotic
maturation of follicle-enclosed rat oocytes in
vitro. Nature 287: 145-146.

Hsueh AJW, Erickson GF (1979): Extrapituitary
action of gonadotropin-releasing hormone: Di-
rect inhibition of ovarian steroidogenesis. Sci-
ence 204: 854-855.

Hsueh AJW, Jones PBC (1981): Extrapituitary
actions of gonadotropin releasing hormone,
Endocrine Rev 2: 437-461.

Hsueh AJW, Liw XX, Cajander S, Peng XR, Dahl
K, Kristensen P, Ny T (1988): Gonadotropin
releasing hormone induces ovulation in
hypophysectomized rats: Studies on ovarian
tissue -type plasminogen activator activity,
messenger ribonucleic acid content, and cellu-
lar localization. Endocrinology 122: 1486- 1495.

Jones PBC, Conn PM, Marian J, Hsueh AJW
(1980) : Binding of gonadotropin-releasing hor-
mone agonist to rat ovarian granulosa cells.
Life Sci 27: 2125

Jones PBC, Hsueh AJW (1981): Direct stimu-
lation of ovarian progesterone-metabolizing en-
zyme by gonadotropin-releasing hormone in
cultured granulosa cells. J Biol Chem 2561248-



Dev. Reprod. Vol. 1, No. 2(1997)

1254.

Kakar SS, Grantham K, Musgrove LC, Devor D,
Sellers JC, Neill JD (1994) : Rat gonadotropin-
releasing hormone (GnRH) receptor, Tissue
expression and hormonal regulation of its
mRNA. Mol Cell Endocrinol 101: 151-157.

Kimura A (1992): Effect of gonadotropin-releasing
hormone agonist (GnRHa) on steroidogenesis
in human and rat ovaries. Acta Obst Gynaec
Jpn, 44: 1261-1268.

Knecht M, Katz MS, Catt KJ (1981): Gon-
adotropin-releasing hormone inhibits cyclic

cultured rat
granulosa cells. Nature 256: 34-36.

Kogo H, Kudo A, Park MK, MoriT, Kawashima S

(1995): In situ detection of gonadotropin- re-

nucleotide accumulation in

leasing hormone (GnRH) receptor mRNA ex-
pression in the rat ovarian follicles, ] Exp Zool
272: 62-68.

Oikawa M, Dargon C, Ny T, Hsueh AJW (1990):
Expression of gonadotropin-releasing hormone
and prothymosin- messenger ribonucleic acid
in the ovary. Endocrinology. 127: 2350-2356.

Park O-K, Gugneja S, Mauo KE (1990): Gon-
adotropin-releasing hormone gene expression
during the rat estrous cycle: Effects of pento-
barbital and ovarian steroids, Endocrinology
127: 365-372.

Peng C, Fan NC, Ligier M, Vaananen J, Leung
PCK (1994): Expression and regulation of
gonadotropin- releasing hormone (GnRH) and
GnRH receptor messenger ribonucleic acids in
human granulosa cells. Endocrinoclogy 135:
1740-1746.

Pesce M, Farrace MG, Piacentini M, Dolci S, De

Felici M (1993): Stem cell factor and

GnRH mRNA in Fetal Ovary 201

leukemia inhibitory factor promote primordial
germ cell survival by suppressing programmed
cell death (apoptosis). Development 118:
1089-1094.

Pesce M, De Felici M (1994): Apoptosis in mouse
primordial germ cells: A study by trans-
mission and scanning electron microscope.
Anat Embryol 189: 435- 440.

Pieper DR, Richards JS, Marshall JC (1981):
Ovarian gonadotropin releasing hormone
(GnRH) receptors: Characterization, distri-
bution, and induction by GnRH. Endocrinology
108: 1148-1155.

Sharpe RM (1982): Cellular aspects of the inhibi-
tory actions of LH-RH and its agonists.
Nature 286 : 12-14.

Tilly JL (1996): Apoptosis and ovarian function,
Rev Reprod 1: 162- 172

Vaitukaitis JI (1981): Production of antisera with
small dose of immunogen: Multiple intrader-
mal injection. Methods Enzymol 73: 46-52.

Whitelaw PF, Eidne KA, Sellar R, Smyth CD,
Hillier SG (1995): Gonadotropin -releasing
hormone receptor messenger ribonucleic acid
expression in rat ovary. Endocrinology 136:
172-179.

Wray S, Nieburgs A, Elkabes S (1989): Spa-
tiotemporal cell expression of luteinizing hor-
mone-releasing hormone in the prenatal
mouse: Evidence of an embryonic origin in the
olfactory placode. Dev Brain Res 46: 309-318.

Yano T, Yano N, Matsumi H, Morita Y, Tsutsumi
O, Schally AV, Taketani Y (1997): Effect of
luteinizing hormone-releasing hormone analogs
on the rat ovarian follicle development Horm
Res 48 (Suppl3): 35-41.



202 48 - 8L - olds - &89 WAl T} A4

Yoon YD (1981): The homonal levels of the short Yoon YD (1990): Mechanism of follicular atresia:

luteal phase in Korean women: (I) LH, FSH, (I) Morphological and functional changes. Kor
estradiol and progesterone, ] Basic Sci 1: J Embryo Transfer 5: 1-20.
154-166. Yoon YD, Choi WS, Kim K, Lee JY (1991): Ef-
Yoon YD, Lee CJ, Chun EH, Lee JY (1989): fects of intragonadal regulatory hormones on
Changes in steroid receptor number of and ovarian follicular atresia: (I) Gonadotropin re-
bioactivity of gonadotropin in the follicular leasing hormone, In: Current Themes in Com-
fluid of porcine ovarian atretic follicles: (I) parative Endocrinology. (ed) Saxena RN, New
Bioavailable testosterone, Korean ] Zool 32: Dehli, pp 207-208.

281-289.



