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Formation and Differentiation of Human Fetal Ovarian Follicles

Chang Joo Lee®, Kang Won Songz,
Sung 11 Roh' and Yong-Dal Yoon® "

'Infertility Research Center, MizMed; Hospital
zDepartment of Life Science, Hanyang University

Byung-Rok Do'?,
Hyun Soo Yoon'?,

Tokgk ARQRAE B ol 2 Ro)

2 o THF AAUREY Riloe HaleA o)A B-u]E = gonadotropins 2o =
=] = HdHE NEAEES] B4 Fa Lol o3

of #oistn], dahgol M 7198 YA EE S FANARE £
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aoAM AAR U, 7 dAGEES Qo] AAH77R 503 o fAdES] Bz fAdEth Ty AAdE
T3 R A, AN A1 Betde AT FEEA WA QA gk 2 =RAME dok B Aot
Aol A gonadotropin®] =&, JFAAS GFAR FEA|, T2L 2 2ol g FEA S BHE AU
AFHE RO E AR AAdE ] B4, AAEAE 2t 714 e AAGES QAN Ak mAE 89
& Folugeh

ABSTRACT: The regulatory mechanisms of the initiation and the formation of ovarian follicles during fetal stage of mammals are
largely unknown. In addition to the gonadotropins secreted from pituitary, various growth factors, and steroid hormones are believed
to be involved in the differentiation and initiation of growth of primordial follicles consisting of primordial germ cells migrated from
yolk sac and streamed cells from mesonephric somatic cells. In human, primordial follicles that have already initiated differentiation
al fetal stage undergo either folliculogenesis to ovulate or atresia after growth. Some of primordial follicles remain without growth for
50 years or longer. The objective of this paper is to review the mechanism of the formation, growth arrest, and initiation of primofdial
follicles in human fetal and neonatal ovaries.

Key word; Human, Ovary, Follicle formation, Follicle growth arrest, Follicle growth initiation.
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3ot e B &S AT Ul dgd wEE Adg
(Hartshorne, 1996). Abghe] 7% YAx7] 34 W4
(endoderm of yolk sac)] ] L}E}LH_— Y AT A 2] A X (primordial
germ cell, PGC)7} A& Z 02 BE3IHA, 9dAl 5~TF734)
= 27 U A28 7](genital rldge)i o] =3t} o]|F YL
Al &sled A 734 u(coelomic epithelium) ol Zo A FHl
A A EZ 7423 713 A E(mesenchymal somatic cell) 2
Z A1 A8 A E(mesonephric somatic cell)&} Ao, o]E3 U
2o PGCrF ¢ M] F(oogonium)Z -3 THMcKay et al.,

1953). 83 AdE ZA5EEH YN Haprt ALow
HAEHY, 1653 Aolle A2y EAV BEHT, 205 7
e AAAEY F7F o 00T 2A Harof 23, A H)
b7 & EOM 7h¢ &2 FSH $X & Hth 245 Folle
ANEESo] H357) AAEH(Byskov, 1986), 2R H o2
AAZF7) zﬂzoﬂ o|ZHY HANEY 7} A2 Fie

Al BrHPeters, 1976). 28F Aoz G T EFo] A
SHAA B3/t F7hetA, 48 AR S A ST
1A% &4 Nde AAEY 71 o 10~2090) AER
7+ 48} o (Himelstein-Braw et al., 1976), A &] th ¥ 2] A 24
27 ANGEE FHz EAstE dFE FAE F4ug
(Gondos et al., 1971; Peters et al.,, 1978).

o e ¥RFO FEFIFYANAM vepte A EE
2 A 7347 (coelomic epithelium), Z419] 743 2] (mesenchyme
ZAAEA AN FHE A EE(cells
from the mesonephric glomeruli and tubules), PGC 5 & A3l
4 F7 o)BLE o|FAR: F AL FPAEE FAY
)\}—?Zﬂ A 7195, ALA S AAE (tubular epithelium)

rete cell tubules el S A A rete-primary follicle association

FAgchT B =} ITHMeNatty et al, 2000).
HA7HA B dAGEY Aol st JAAte}
Efol #q4% A0 8 S5 A4 ol #F dFE vl
Eig=s

of the mesonephros),

mio rl

@, fob

2. HAHES 27 R M

Holrlel A8 dAGEE 9737171 ARl HFof
A e wf A7l A &H 02 T AR 3RS AF
dted v = A AAGES (2 dEE wiAdgd
¥(non-growing follicle) 2 £33t}

Lintern-Moore §(1974)2 ¢339 H7]7} 30~60 xm o]d
9~25pm =719 12} dRHprimary oocyte, germinal vesicle
stage oocyte)St W TEo] FYPHMEE /M= YAGE,
60pm o9 A712X ¥ 59 Y4B FIAEE JHAE

PEERR

12 GE, 120pm ol3 A7 24 6007] olul9] = Z9 ¢
29 HYME S0 UAE SHNT Sl 24 VIR ¥R
X}, Gougeon(1986 1993)2 AAANAA G E A 3 =
9 B33 HFATE R A GE(primordial follicle),
3y 4%3"1]29} A8 FFANE FEde FUEE
(intermediary follicle), 3+ 22} Y8 APHEZ o] Fo|A |
2 F ¥ (primary follicle)Z #7313 ¢

At GAIREE v 2 AjZte] AEe dAdES
A& (maturation stage)E A A germinal vesicle(GV)2] 2
17V 19pmol o2, 7P & A o 157] FEY
FHAEE0o] EALE A7 1AGEY B7jo] o]EWH |
&5 A ANFste Aoz d8iA 9 tHGougeon and
Chainy, 1987; 1997).

Fuote) A, gAdETe] EXFAY £E dEY A
Zol Yol &gy FAAPPAGENS VA= Aol #F
AL, FSHY 5% A9 % 2% A £ A2
2 ¢dA UtHGrumbach and Kaplan, 1973; Baker and
Scrimgeour, 1980). o] A= YE o] A 2 AN 4
BEFE o4 FSH7 BRsithe RS AlAbetd, Hiopr] &
12 G298 4 Ao Hateal-vazt 55y 2go] $o
& AEE e AV 3 9

17'<} G GG AlG diE) P XS Fewste)l B4

EIE] itk AF F #F9 45, FHAEY g}
3 Feel A PP O R wigtelet] FSHF AE S 20
o5 Td Y&oloA  gonadotropin-releasing hormone
agonist(GnRHa)= 7+ Al ¥ (intermediary primordial foll-
icle)7b 12t HEE dgste AS dASTY EaHAG
(Gougeon et al,, 1993). 2228y} W& AFH9 A9 d2AF}
MAY FrEdl FSH7Y & 283 Q%0 ofde BY
(Halpin et al., 1986)9} &7 &4 A == 39 FSH 4
T FAGEY AWRAE FESIY, 1 ol AZdE 94
HEe A% AFEA7E floidvhe Ba7b githLintern-
Moore, 1977, mouse; Baker and Scrimgeour, 1980, human).
2g OFs Z2HEL o] A7 d2IF Ae B3 87
ZAEHEY EJT ASER FoAA 7dse Ao
Z " tHHowe et al, 1978). Wk, AAZ A2 YA
ASHLZ s wWREAY B 4R EF
(atresia) HS AA A WA AAH
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Ago] BAsiH, 74z ¥ 23 2 G Ao 543 F e U E £ AR 758 7HA Al x Y EA4
E4E0] FHEHE ASE gHA Avh AFHY 75 s gA oJFo] o F-g Al7|3 X THRabinovici and Jaffe, 1990;
AAst= YA A glucose phosphate isomeraseZ} £-H] 5 o Gosden, 1995, Satoh, 1991), YA 125 oW ] o} 7+AA T
wale] AEo] #ed 3} (McLaren and Buehr, 1990), 213 ol A (interstitial cell)o] A} AH|ZolES 29 o] ARHL

+ heat shock protein 900] YA AM T A A A L&
Ho= BEA7b tKOhsako et al, 1995). T3 germ cell
nuclear antigen-10] YAGERE We 9 AF Y GYA L
A} ¥ 2l oi(Enders and May, 1994), AL Blo}e] QA X9
Me ckit f427 28 E cHHorie et al, 1993). A2 #19)
7% transforming growth factor(TGF)7} 42 &e] A A
o3 ANEE FPMTE EIsicd BodEI(Roy
and Harris, 1994), TGF, epidermal growth factor(EGF), EGF 4
£33 2 basic fibroblast growth factor(FGF), FGF Z-&4) ¢
mRNA (Yeh et al, 1993) & insulin-like growth factor 13} 1I,
insulin®] =& 54 A Shifren et al., 1993)7} gjo}7] 10~22
F Abole] oA HEEHE ALE " Fo, ojEL HHF
A oo #4E AR AT EE inhibind}
activin®] 3¢ S-@FA7E GAF7) ejope] daoA LF
=¥, leukemia inhibitory factor(LIF)2] A% A A YR A
29| o|F AF AEF A EAAAHapoptosis) T A sE &
0107 A& 9 THPesce et al., 1993). oke] XYz o] &
3ol = steroidogenic factor-1, steroid acute regulatory protein, 3
B -hydorxysteroid dehydrogenase, cytochrome P450scc, aroma-
tase 5ol AlE B A7]e] wet EolHo g EHE Ao
Hige] gl

Biobr] dAae 2wl dE BIES Bx o
Rose chamberS AM&-3A 4 (Blandau, 1965), Biel 34 %3
S W ket A A T2 Aol AR vl gl
o, o]5 ZZ A estradiol(E)o] E-H]E gt B I (Hartsh-
ome et al,, 1994) 2 EARZEs =3 T A9 sy
Aed 45 ddsE B 1(Zhang et al., 1995), 187 &
4 A% AAY da 24E A9 W) AAE 2T
T B27t AeKEppig et al., 1996).

gag 25ol4 AN Hol YazH TE AN

ES pelste) $3 m WA 47 5o o984 4x
£ £48 W7 Eo] ¢thGosden, 1990, mouse; Carroll and
Gosden, 1993, frozen-thawed mouse; Gosden et al., 1993,
sheep). T2Vt ZH o] o)A Lekte Zoke 2el @Azt
A 4 A dazxFY wgd vA e JF WYRAE
ol ke AIRE A1) BFHe] o & ALE dEA o
(Hartshome, 1997).

B2 AtgEol 27] Hoprld] AH RO EIERS Y

(Gondos and Hobel, 1973), ¢AlZ ] of B estrogens
P2H Y 4o oM MEZREEES F3 A7 THAngelova, 19-
87, hamster; Dominguez et al., 1988, bovine)= B E H|[F o]
o Al7]e & Eﬂi‘ﬂ ESEZo A HE AR A
a8 Abge A9 85 9 dlobol A aromatase activity 7}
WEHA| T aromatase %@X}ﬂ B2 v 32 AoE &
o] g} o](Tapanainen et al., 1989), ~H Zo|E5 2 2L §A1 5}
EAZES BE 95D 24 B BatAoN 26 20)E
SEEY FOA sl E 9F 4 A7} 3 tHHartshome,
1997). i3l glo}r] FSHY 48 WX o A& Al
o] PrAolghe B 7 R WHPeters et al,, 1978), 6~
16F 9] elo} Ao FSHY N ¥t AARY7}t 4314
2o, FSHY| 98 cAMPY] Z717 #&AHA Fv ALR
B oKHuhtaniemi et al, 1987) &] &2 =7} do} ith
ot 2 A7 GRS M B AAAET EAE
o, A go}7] FoAM FSHY| $E7} 7HF 51, B ¢dAl
7 AANGER HahE 21719 18~21F "o} 12l Ui
W diF&9 ddAEst "*J’*]"}Ei GG A7|EA, 5
AAGETE AL AlZE B J/\]"}i“’ﬂ/ﬂ HH7F Al
ZEE Al7190 3139 Hlof da, 1?41 EE AAAE
7t AAGER AE A7IR] 24 FEY *“@0} dAE AME
gt AlgY AAGEY YA, Y2 A #3 194
gl e 2E8 ?l%4 A it 24 Golr

A ke

1. HAIHES] Y X0 EE F= Ha 222

=8H|, JEUR H HARIXL +=8H < %ﬁd%

195783 257, 24 239 diddM 4%
A-&A 4 FSH T%*ﬂ Az EdEYE RT-PCR, in
situ hybridization, in situ RT-PCR, immunohistochemistry,
Western blotting ¥ 502 81¢t 23} 7129 FAaz A4
M FSH &4, AAAA4E ¥ 1 584, AHR0E 52
2 58AY wd 4 BE Arvt 747 024 YelshFig
1, 2 and 3; Table 1).

FSH, LH, E¢] 447} Y3 =ow, TGFA1x p3 1
]2 TGF £ receptor I, II ¥ estrogen receptor @, 87} 242}
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Fig. 1. In situ RT-PCR and immunohistochemical localization for
FSH receptor in human ovaries. FSH receptor gene expression was
recognized on 20 weeks old fetal (A) and 3 days old neonatal ovaries
(B) using In situ RT-PCR method. Localization of FSH receptor was
identified on 20 week-old fetal (C) and 3 day-old neonatal ovaries (D)
using immunohistochemical method. Thin arrows, germ cell cord; thick
arrows, primordial follicle; arrow heads, streamed cell. Bars present 100
pm,

Zol utdo] AAMTY HAMLY HE T2 o
A& Y= ZAo] A==} (Fig 2 and 3; Table 1). 353
& z,s EHOH iz Aol A FSH ¢844 12

_,] 3L olsl @JJ( ol &

2. WYY =) WAL XS E20] Ejofe| FHol o
2 IALHES| A T uichy| Dlxl— o35}

S FFPo] o A 24 m} AT}
FAE = FAL =A}e Azl ‘ﬁ&ﬁ(human follicular fluid,
FF)el =stsAldM 2218 FSHEFSH-P)E Ad 797}
0.6% BSA = 10% fetal calf serum(FCS)2 #}g] &t A3 2
Mstd 4olabl B U2 HAHATE 207 Hote Y
FazAd FFE A3 A¥Z F 57.1%9) 2350 4%
sl BAAFEE BRI,

FCSol Abgte] §A2 A 23 FSH(th-FSH)E =cja 49
T AAFANTFZE R EARFANE FAFZI
£ B2Y 4 J9oH, F2RATEE Y BE
ZAHolA Az se WO AR A TG
receptor 1 T A9) WHS BHY & Uk

5N dol hazHolA FSHO} LH A5 E3HE 3
918 A3} th-FSHSH hCG7} H7Ha AdzolA AR dv

243} 44

ab

Fig. 2. Expression of estrogen and TGF B genes and receptor genes
FSH, LH, TGF fs in 19 and 22 weeks old human fetal ovarian
tissues. A, FSH receptor; B, LH receptor; C, TGF B1; D, TGF 52;
E, TGF B3; F, TGF Breceptor I; G, TGF PBreceptor II; and H,
estrogen receptor «; I, estrogen receptor S3. Lane a, 19 weeks
human fetal ovarian tissue; and b, 22 weeks human fetal ovarian tissue.
Arrow heads in A, 359 base pair (bp); B, 274 bp; C, 448 bp; D, 439
bp; E, 435 bp; F, 658 bp; G, 862 bp; H, 357 bp; and 1, 343 bp.

S 66KD

3 4 5

Fig. 3. Western blot analysis of FSH receptor expression in the
frozen-thawed human fetal ovaria tissues. Lane !, human luteinized
granulosa cells; lanes 2, 3 and 4, 18, 20 and 22 weeks old human fetal
ovarian tissue extracts, respectively; and lane 5, human lymphocyte.

NEZE 238 4 gdvh T8 FCS7F A7HE TCM-199 71&
wjokolo] TGFB2E A e APTolAe 239 A
o] UEty, 3] TGFB 13 TGF f28 FAld A3 43
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Table 1. Localization of FSH-R, LH-R, estrogen receptors, and aromatase in human fetal and neonatal ovarian tissues
Fetal ovary Neonatal ovary
Germ cell Streamed Detection Detection
QOocyt Oocyt GC
Cord Cells ocye 6C Method ocyte Method
FSH- + —/+ +7 + +?
LiIHRR A é i LP,IM ! IPIM
- n ne Lp ne nc Lp
Aromatase - + - + p
ER + - + + ++
¢ * PIM M
ER S nc + nc + P
+ — + +
ER + M N M
PCNA A+ —+ + — M ++ + M
Ki 67 Slarans - - — M — - M
Rb + —/+ + + M + + M
p33 + —H - + +
IM M
p27 + — + + ++ —H+
M M
p2i - - - - + —/+
. IM IM
Cyclin B1 + - + + M + + M
Cyclin E + — + + + +
. . M IM
Fibronectin + Eians + ++ + +
.. M M
Laminin + - + + + +
, . M IM
Vimentin - + - + — +
, M M
Connexin 43 nc —H ne —/+ nc —/+

—, not detected; —/+, some portion of cells were positive;

method; IM, immunohistochemical method

ZolME dFE HEES0] Helson, W
HESe] felse o 22U
3 "o} Az FCSE A @ A A7 94
HAZ7E QRS A G e HEE 2w
oA vlsl 2 WER YEbdTh th-FSH7} 8] 7]
A HE O] Ao n x| Ad8rs 8918 A
7t Sl weh d2 Y Hgo] FobA
ov, FFoh thPSHE 2ol AT B34
FUA 2 7 &o] Yebsin.

2HE

=

3. HY71ZE & HAEX9)

Klo| AHZ20|E52E 4|
ohda

1958 9 315% ZA 9 A gA] HAEY
BH2E B9 FEE AW 43, ¥ 2 EFIA Er
4, %Hlﬂ% 7A4°l FAHN o, 53 19739 2 eA

FF S H AL, Wk 35 Ao = th-FSH
ES] %ol Frlete AF%S BR

f o
Bl

fo rir mot J[N'
T O:

=7t S7VEFE
E}(Fig 4).

=38 th-FSHS} TGF 818 A} 797} th-FSHS} TGF 8
28 A8 A¢EY & E9 J*éz%% BA3, th-FSH,
TGF A1, 825 T Fostd 35 F< wldst 44, E9

+, positive; nc, not clear; 1, in sitv hybridization method; P, RT-PCR in sife hybridization
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Fig. 4. Changes of estradiol-17 8 concentration in 19 weeks old
human fetal ovarian tissues cultured for 14 and 21 days supple-
mented with 0.6% BSA and human recombinant FSH.
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Fig. 5. Cumulative concentrations of estradiol-178 during the
cultivation of fetal ovarian tissues in human. Twenty-two weeks old
human fetal ovarian tissues were cultured for 48 hours supplemented
with 0.6% BSA (BSA), 10 zg/ml VIP (VIP10), 100 zg/ml VIP (VIP
100), 10 IU/ml FSH(FSH10), 10 IU/ml FSH+10 2 g/ml VIP (V10+F10),
and 10 TU/ml FSH+100 12 g/ml VIP (V100+F10). Data were presented
as meanES.D. * p<0.05 compared to group BSA.
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WAZY XS FIE 3o IANGEY FAIA | AE
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FSHe} LHe| 93 73558 AHZo|ETE RS o] £44 ¢
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&2 4 ,\101 O)F T 19F A7)9) Hlo} Bh 2o 93
s FE RS Y F U

3159 73, th-FSHel| oJ3 E9] &4 34”01 A9 gl
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