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1. Familial POF

7F=7d POFY] tief& Q] UAEL 4% =R
A A Utk ok 7tEe] TR 2ARE A
A A A-ASF F74 (autosomal dominant sex-
limited transmission) =2 2443+ £} (incomplete
penetrance) & 7H X-AMA| 3o S RAE
t}? 3} Idiopathic POFE H.o|& 30 71&9] 2}l
of gk ATellA YeEhd A Hadde X2
A AEo] dARAY FoAdoz FHES A
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Table 1. Genes implicated in POF

Categories Chromosome Gene Gene locus
FMRI Xq27.3
X chromosome genes FMR2 Xq28
BMPIS Xpl1.2
FOXL2 3q22-q23
FSHR 2p21-plé
LH receptor 2p21
) FSH beta variant 11p13
Mutations identified
LH beta 19q13.32
Autosomal genes Inhibin A 2q33-q36
GALT 9pl3
AIRE 21g22.3
EIF2B2, -4, and -5 14924 .3, 2p23.3, 3q27
NOGGIN 17922
POLG 15925
DIAPH? Xq22
DFFRX Xpli4
XPNPEP2 Xq25
X chromosome genes
) ZFX Xp22.3-p21.3
Candidate genes
FSHPRH! Xq22
XIST Xql3.2
WT1 11p13
Autosomal genes
ATM 11g22.3
AT2 Xq22-q23
' o X chromosome genes c-kit 4ql2
Mutations not identified
SOX3 Xq26-q27
Autosomal genes MIS 19p13.3-13.2

ApETE Mg 1S B Al VST
94 (sporadic) POFE 8% & vk 7154
o Wi 2/1Awe POF 2 AR B o
< & glojal Lol Hig Ay HEE A
B Aol gt AAAG =g He F
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=
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2. X—chromosome Defects

POFol A X-GAA] o] Tumers syndrome =
& trisomy X Z< 3 (numerical) ©]/dellAFH
deletion, isochromosome, balanced X-autosome translo-

cation 2o REALE7A] OpeksiA Hawal itk
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1) X-monosomy

Tumner's syndrome®l| A4 & 3t 7j2] X-G A7}
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%ﬁ:ﬂ% Aol
gk 79 X-FAATE 2= Tumer's syndromeoﬂ
AT FAC GEZELS E ST AR, o
= 3 g F oy dEEA (allele)o] 25
2ot oe] A4 FHAEL 2u49] &3] F
7] wEem AZEnh dEf 80% F 2ol K
| A X-FAA7} 2AHE Aow HudHg M
E5F POFOlA B X-AAA] 2843} (skewed
X-inactivation)¥doll gk A Foll A A of
273 9w e zpol7h gleo] BAE O] skewed
X-inactivations POF$} #H&o] ¢l
]

(f &, In press). Zinn T 37

il

ah
%t Turner's syndrome2] E43 #¥E genotype/
phenotype I-7-ellA Xp11.2-p22.1 F$ = mappings}
Aok

2) Trisomy X

1/900 =2 TAYES YEHE X-trisomyE Y
W o2 AaEE (fertility)o] TS FX @EE=
Ao.® A7}E A7, hypergonadotropic POF2}2] ¢
’do] ’argl #o] 9kt m POFIA Trisomy-X
FHAE FHES ofd FFs| dElA A
AT 3 Ao A 2/52 3.8%)E Hirg v} 9l
J6 227142 Klinefelter syndrome®l| A4 2} F-AFS
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3) Mosaicism

45X/46XX, 45X/A4TXXX: ©]5<2 monosomy X+
TAFSHAl POFSE B3 Y o]d-& YehliA|wl o
T oF 2% APH o Aeg drhal nugdy

4) Deletions

POF2} Aatd X-FMA] Z<& (deletion)yS H =
(translocation) 2.0} ] &3t} Deletion® X-% 44|
v HAH oz G4 X-GAA 9l unpaired, isodicen-
trics T8 ©7]3L, ofvtE o] K0 pairingS W
#sled tx1e] E3} (atresia)2 ©]oJA|= AR A
Z}5 1 9t} DeletionS £t X-FAA et
Xp)ollA dolvh=dl w3l POFE YERE deletion
& X W Xql3-25 dHoA dojdrta Og
A Qlth® Xpl11olA4] deletion®] YL 50%= 2
A FEA, 50%e ol RFYEAE L}E}LH
Xql39l 419l deletione dutH oz 7}4 —‘?——E—
WA F-E73E vehdvn delAd ok AT
POF &8 A% HE<Q Xq21 AA7F AAE large
deletionol| Al YAF-A3} Beo] goi= Burt 9
o] 7 Jd#dL Bt & 5 Udn’

5) Translocations

FAAA A2 (balanced translocation) 2}
2] balanced X/autosome translocationol| A+ Z%
POF7} dojdth? A darls §45 93
“critical region""©] Xql13-q26 FHOoZ AHQLE %=
o2 e}71el A b EsiA dEEe 2l F8
2217} POF1,Y Xq26-qter® POF2, Xq13.3-Xq21.1
2 AYHUrt. o] dGE GAA Hel= T2 H
o)/l Rztslal, A3 02 ynpaired chromosome
2 AT Al o]dE doA dRl AEZAIES
Ao itk A|2t=%ich POF! 03‘119] distal deletion
2 24~394]9] POFS} &) 9131 POF2 <]
translocation< E.Ut} o] & L}O]?l 16~21*ﬂ«] POF 2}
o] dta HuE et Sala T& Wae)
g 3z} FAe] @l {FHATE B )
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Bohs oY Y AR a9l EA4
o] £-9]7} balanced translocation®l ]3] @3F&

& & gohar Areank?
3. POF Genes on the X-chromosomes

POF= o8] fAx59] S| (mutation)Z-
B op|E § tha F5EJUE o3 Hols
2 POF 34| 10% m|atell A Els vk 18
L} o] fAAES B FHEoA 7T ¢HA A
2| ¢rolr] o}zl oj= AX POFY] ##7 ¥Agta

grols ol Aol QA= ST
1) FMR1

FMRI $7AAE= Xq POF 8795 Yoy
Xq27.3 F$ell AxF) o] FHAbe Wol= 5
A 9] CGG trinucleotide repeate] o2 o211
repeats number®l| Wel 47k g @ o] &% o]
21t} Normal (6~40), grey-zone (41~60), permutated
(61~200), fully mutated (>200). Full mutation 1
2 AAA A2 71 &gt FEQl fragile X mental
retardation syndrome3} ¥ o] Ut} FMRI trinucleo-
tide premutation carrier €9} POF7} #& o] vt
B B YA 1AL ol FAEHA] B AA]
orokth? et fragile X 7FEY 7608 A4S o
Ao 3t Z7|H7AE A FAEE Aol A
395 premutation carriero| Al 16%7} 404 ol 73
o] ¢+31, ¥kl full mutation carrierol A& 2387
Zo 04, 281 ETANME 2378 S 1%
(04%)o A Z7]5 7o) LA BT
FRAXA premutation®] R sporadic =2 familial
Agtol| wiebd thFsiA BaE i e, =W
AT A= idiopathic POF 32} 83"l FRAXA
premutation®] 3% (3.6%)°14] LHHUT= B}
ALY slAFol A Lk AEQ] 1:5900] ]
3} familial POFl| A& 13%, sporadic POFl A= 3%
o] A BaEArt® 48421 WA familial POF
ol 5] FRAXA premutation< -3} Fragile X

SRR RER T

syndrome®] +74-& 2] $j8] 2ARL 71)7F Sl

2) Fragile site, folic acid type, rare (FRAXE)/
fragile site mental retardation 2 gene (FMR2)

Fragile X syndrome®] A Z-f-A 82 W= 9l
7+ FMR1-mutation S-3%1 A5 FRAXER 8
[ fragilitye] T WA g o] FAEUTE Xq28
J Ao A FRAXA Y258 150~160 kb L2150
AR BIAL folateo]] P17 A2 WAL} FRAXE
Jocuso Al 11 repeats Bt} 2H €A S At}
7} POF $AHEolA] RIS o]zl Aol A
FMR2¢] mlA| A< (microdeletion)©] POFS| £]7] 3l
=AY F glon 5%l wAdE Tty By
9}4\‘;}‘29

3) Bone morphogenetic protein 15 gene,
BMP15 (GDF-9B)

BMP= TGF-p superfamilyol] 3= M 9] Al
SAY il 2 A growth/differentiation factor (GDF)
g @itk BMPIsST GEFAF AFHIAE
(granulosa cell) A373-& Z}5381= oocyte-specific GDF
ol Z7] @EFA7| AN THATE?
BMP15 A= Xp POF critical region®] Xpl1.2
Bl x|t Di Pasquale 52 924 7474
© & POFZE g F Aol A BMPIS fr7dAte]
heterozygous mutation, < base pair 704 - A-G
transition ¥o]& WILsI=Hl ©]E tyr235-tocys

(Y235C) amino acid substitution &2 7 Agn”?
4. Autosomal Involvement in POF

1) Autosomal translocations

POF©| A autosomal translocation® Z3}X| il
| 52 X/autosome balanced translocation®] X35 o]

o)
A

2) Autosomal genes
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3) Blepharophimosis—ptosis—-epicanthus in-
versus syndrome (BPES)

BPES= A GAMA 94 FHAo =z H§FA<
TAE 7|8 o2 §EHX o7t POFS}F A&H type

13} POFS} #&o] §l= type T 7 714 FE7} 2l
=l 3q22-q23°] HXgTh> Crisponi 5-& BPES
type I, I E5olA Wol7t Sl putative forkhead
transcription factor geneQ! FOXL2E E-A&hich™
FOXL2= T2 A9l waold W sa Jo) A5
sh= XAk T8 WHol7b Wae) f-x]eh £l
r] Qi FFE 71AE A FGAA fralAel
o} # ol 135719) intragenic mutation®} variantsS
FE 3= human FOXL2 mutation database”} 274
91} FOXL? variant”} non-syndromic POF$} 3%
o] glthe Bivl AR T? e AT Bl A
FOXL2 Yol #o] glth= HaEo| 9lojA] of
2] olof tjs|X= F7ke] AT} e

4) FSH receptor (FSHR)

FSHE= G2@47] F<toll daella dxe 54
Ikl 2%t J8S shed FSHR FAAE
2p21-p16°l A=13T} Aittomaki 5 HF=1] POF
3hzte] oF 42%oll A FSHR A=) exon 7 29
141 C566T Wol7F A=At Bl o) ® o

T ofg] dFo] EFEA dv s AFolA
= FSHR f-xapdol7} =BT B Eo] 9o
o}.?ﬂ .‘.::'_Fﬂ-o] 0114,3940 U:a]. X—]/\]- ]J % ]_;(] POF

% S ATl = FSHR

=1 AR C566T
Hol|= cErly BuHYckt

5) LH receptor

2p219ll #]A|8F=dl, LH receptor
AxFY] 1660 # Aol A] thymidine2] cytosine 2.2 2]
2| go] FLA I Wil LHo| st A3e el
Hrbs Zart glop®

LH receptor=

6) FSH beta-subunit variant

FSH B subunit= encodingdl= -
AR Hol7t Ay L7 T %J% S % I
St w7k Ao ol e ATEdA
= Wol7l AR ok

7) LH beta-subunit variant

Takahashi 5= mutant beta subunitS 7}4 variant
LHS] 3 E°] POFolA] 184%, thETolA] 8.5%
2 Zrtaday Busigi®

8) Inhibins

Inhibin> FSH| wv]e} g5 alehs g4
TEZOE POFS] A3 99l #4 $u= 4
Zre]o] ghtk 7] JdE7)e] W Inhibin B &
FSH $5e A3 w3le} fdo] glon da
A7ae) daokm gdo] glrka LA Sl

INH alpha +312}] & ®o]7} (G769A) POFS} ¥

ol glrkn BIHY O 1 HEEe A7HT
t&i 0~11%ZE ThgetA Busa gl e &
Aol gt FuUlAdFAAME EAWo|7} HE

B Fpp Y
9) GALT gene

GALT &A= G284 9p13°l #A|8}3L, GALT
ko] o] A} galactosemia® o] O] A= A ARA
B4 Fddgo)n). Galactosemia?t = o149 60
~70%0l 4] POF7} H1¥Ath® Galactosemiadl] <]
& of7ld AAIGESY %7] 23} el gAY
9] galactoseol] 9Jg o] &4 TElw ALd
gonadotrophin 7]%5 < POFE ©}7|3}= 7|H o2 o]

S H )
10) AIRE gene

Autoimmune polyendocrinopathy-candidiasis-ectoder-
mal dystrophy (APECED)®} ¥ Q1= AIRE ®-HA A}
o] EAMolE YA ACR olojd = gIth AIRE
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FAAE GAA 21q22.390 $1*3 ). APECEDS
747 727 9] Fhxjol] gl ATl A 124] ol Sk}
29 60%cl A A7) 5AHstEe] EAFe] By
9}\‘:]_.49

11) Noggin mutation

Noggine 17q220 3= NOG 4
Z}+2] haplo-insufficiency+=, proximal interphalagial Jﬂr
o] ankylosis, carpal, tarsal bone®] fusion, brachy-
dactyly, conductive deafnessS 53 02 ah= AR
Al 932391 proximal symphalangism (SYM1)2.%=
oloj Xt} NOGE FaoA R EHEY dav)s
o F23F 988 3= BMPse] AFA R &3
t}. Kosaki 5& NOG S %] (mutation)& 7l
SYMI19lA POF 2A& H 13l =d], NOG =
Hol= g #2344 29ld 23] POFS 7}t
SA40] Eold g0 BMPs9 7)%S a8t
POFe] Z5°4& E¢vha Busigiet

encoding 3=

5. Syndromic Associations

YRS Eesle] o7 HAdE
bilateral coreal anesthesia® Ho|&= F

ot Eﬂ

Cheng &<
o dAad
A S Baskick’ B3 POF o452
bTEW 4T b UxFE UEdtE B
7b AT

6. Candidate Genes for POF

AAA ol #HE B8-S encodingdls AW

A7t 2 4 Qort ofrjelxE 2
Aol ALHUE candidate POF 4452 A3}
o 12| BAt stk '

1) Diaphanous 2 Drosophila homologue
(DIAPH2)

Bione &< balanced X; 12 translocation, t(X;12)
(q21; p1.3)3 #=E POF 7M=&l A DI4PH2 4

LERERL L

x}.7]. .54,] S =v —5—}.0:11;]_53 DIA D}Hﬂ;ﬂo Wk
Z71etAlo] H 23} cytokineE 7} actin-mediated mor-
phogenetic processoll &S 71X webA o]

Tl S0l AUBEL BAE W 3

4 =
e NAE =+ %L LYol ol& 915}

4

2) Drosophila fat facets released X-linked
gene (DFFRX)

USPOXE % 487 o] FHA e Xpll4ol] #1A]
3}aL, protein conjugateZH-E] ubiquiting A A sH=
FAZ encodingdte] A ES proteosomal degra-
dation©. 2 HE HF3l= IS 3t} USPIXT ¢
oy ZEE™ Y homologueE 7HA L UL X
QA B3} (inactivation)ZF-E HojubA g
o} USP9xe] Eiwiols Hud vt glAw ¥4
A5 el Uspoyst HAskAl AHE deletion
7} point mutation®] B.3g H} ek

3) X-propyl aminopeptidase 2 (XPNPEP2)
gene

o] A= bradykinin?} cytokine 5|4 7 &]
* N-terminal Xaa-Pro band& 7F-8i3k= X-linked
aminopeptidase P EAE encodingdl™ Xq25 F <ol
X gk XPNPEP2 312 o|abd F-d78 3 #
2% balanced X-autosome translocation®l] 2|3l 53
Ho] Hixo] POFS T AAAR Azt

4) X-linked zinc finger gene (ZFX)

ZFX+= ZFY2| homologueZA] ©}2 7]%o] &
A A] L zinc finger transcription factorE-
3}il POF9] critical region®l Xp22.2-p21.3 G A
AAs}. ZFye Y AAA0) LE testis determining
factor®] TR A2}t ZFXE X-inactivationol 4] Bl
ojubny whd o]l mutation®]H deletion®] A
719 haploinsuficiency”} 471t} ZFX mutant mice]
A AAAE] 3HA7) BEE o] POF T 9

encoding
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o] 9J& Ao ofAgTt®
5) X inactivation-specific transcript (XIST)

XIST= E843td X d4AMT =440
HEE = FHREA Xg13.2 band9] X inactivation
centerol| 1|3} X FMA| B3l &35
Aol =o] o1& Aoz AZHETE” Human XIST
o] Eddlol= vl (skewed) EZASE IS
op71& 4= QI o] WA W 4l [}
9] haploinsufficiencyZ ©F7]A|A POF7} UEeld <
ATt

6) Wilms tumor 1 gene (WT1)

Transcriptional factor®] WT1-> &g Z7]dhA <]

HEEoA & Feg dgEEd, wrle It}
2 O [nhibin-alpha f-34+9] promoter E5g ]
Ash7] W] W xy|ehA el YE §x]of o}
F83F I3E Srfa g8 A Ak SAA 11pl3
Bool 9)x)8}ka, o] f-HA} wek POFS] R4
A2 A9k Ak

7) Ataxia telangiectasia

B2 74 232 ataxia telangiectasiall A
Agolth ATM 32 G4 11q22.3 F-4]
2|5}3L DNA tAF M EZ57] checkpoint 2%

kinase®] T/d oIt} ATM A2} A2
AA =2 o g%, ", T4

o 2 2 rl

) L =

[
o T gl B 4

ok ATM A AR A A% QAR
AR gt o] HuE}Y

oifl
£ n8
oot 1@ r

rhoofl 2 iy e do oo
% >
M
o
tilo
e 1

7. Negative Studies

1) Angiotensin Il type 2 (AT2) receptor genes

AT2 TEAE oj| Bl A Ao Hd ==y,
A7 Aol 4 v 72 Aghe] Aol #o]
ATHL A= gk F APellA EHghE ¢Eo)
A A A AT2 FEA7} =4 Tddo] HolA
POF$}He] Aol A7l en, POFo) o]3d =}
o] 472 &A o] HA] AEEA A ojH W)

T AR Fprh®
2) c-kit gene

AF el gk AT-elA] tansmembrane tyrosine
kinase receptorSl c-kir®] XA AL @] F Q3
AEE ke Zo] FAHJTE GAA] 4q129
A A8H= human kit gene®] B WO HRIES
(Piebaldism)2] ¥Qloz Fel= A} 2y olF
POF®l| t3dt Aol A kit gene®] o) 46XX
spontaneous POF2] &3+ fRlo] ollg= Huv}

Elivadeel =iy
3) SRY related HMG-box (SOX) 3 gene

SRY (sex determining region Y)2} SOX32] 7}7}-&
FAMIS ZAF A dde] o] Qe Aoz
AtElo] ok SRY-13, SOX3-HA. Xq26-q27°
8= SOX3 AR deletion©] severe mental
retardation, small testis, lower limb skeletal defects
syndrome® LFERHE WAJol M whzs|gich 2t
16478 4] POF <3/dol thgh Aol A o] fxiz}e]
o EAWo|E BAHR| ATt (Conway, unpu-
blished).

4) Miillerian-inhibiting substance (MIS) gene

MISE ‘24 44 el 9lo] Miillerian duct E3}
£ FEshal H AFA 2 AeEES A
= ZoE 4Exl ngdsE o) AFH LYl A
MIS null femaleoll Al 27| 217152 IS Ho,
MIS gene¥} MIS receptor type Il gene®] POF2| X
FARZE ZAE A 21} direct sequencingZ I o™
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Conclusions
Z7|dAaRAe Akt AlH, A4 i
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