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1. Familial POF

7}57d POFO] thefQl AELS 4% ez st
A G Atk o]ghE 71 THAIE
A 4 A=Ak 74 (autosomal dominant sex-
B8k £} (incomplete
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limited transmission) =2
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Table 1. Genes implicated in POF

L EREEER

Categories Chromosome Gene Gene locus
FMR1 Xq27.3
X chromosome genes FMR2 Xq28
BMP15 Xpll.2
FOXL2 3q22-q23
FSHR 2p21-pl6
LH receptor 2p21
FSH beta variant 11pl3
Mutations identified
LH beta 19q13.32
Autosomal genes Inhibin A 2q33-q36
GALT 9p13
AIRE 21g22.3
EIF2B2, -4, and -5 14q24.3, 2p23.3, 3q27
NOGGIN 17q22
POLG 15925
DIAPH2 Xq22
DFFRX Xpll.4
XPNPEP2 Xq25
X chromosome genes
] ZFX Xp22.3-p21.3
Candidate genes
FSHPRH1 Xq22
XIST Xql3.2
WT1 11p13
Autosomal genes
ATM 11g22.3
AT2 Xq22-q23
X chromosome genes c-kit 4q12
Mutations not identified
SOX3 Xq26-q27
Autosomal genes MIS 19p13.3-13.2
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2. X—-chromosome Defects

POFOA] X-AA] o]’ Turner's syndrome =
2 trisomy X 2 54 (numerical) ©]/dol A H-H
deletion, isochromosome, balanced X-autosome translo-

cation > F-EAE7MA] theFelAl Harsar )
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1) X-monosomy

Turner's syndromeol| 5|45 &k 7] X-G24 A7}
s F& 7] H3] §fle Ag dagAel
g = ol dxHd e, A A aeal &
¢l FAFS eItk HA3 oA Abel9] X-

bage sl 918l ool 7t A
el X-AAA7 Begs) H=d) o
[e) [e)
IT =

Aow defA 39l
QAL AR sl Ao Do)
Sk 7le] X-AAANE Q1= Turner's syndromeol A=
AT FAlY GEES EShE 7] AlzbekEd, ol
= A Al e P (allele)o] B
nas ol We fAAEe e Sepe]
Sab] wloz AZbECh U 0% Aol 3

A X-FAAE 2dEE Jow Bago
gk POFllA BT X-AAA E2/d3} (skewed
X-inactivation) 7ol #gk iAol A A4 of
223} o0 gl Aolr) gl Wl
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2) Trisomy X

1/900 H=o] HAES YEUE X-trisomy+=
[e)
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=
4 -

2 AT (fertility)ol]l FTFS FA =
F=] X9k, hypergonadotropic POF£}2] ¥+
o] QJuk® T3k POFOlA Trisomy-X
WES ob4] A3 deA UA
ol A 2/52 3.8%)= By w} U
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3) Mosaicism

45X/46XX, 45X/4TXXX: ©]5-2 monosomy X<}
AFSHAl POFSE A9 o= YehlAY, o5
T F 2% AgHoR AE duka Bugny

4) Deletions

POFe} ¥ X-GAA| ZH<E (deletion) 7=}
(translocation) 2.t} ] E3}T}. Deletion® X-% A4 A
+ Aoz A4 X-FM Ao unpaired, isodicen-
trics T ©71aL, opwkie o] H-7-0] pairingS W
afate] Wate] H 3} (atresia) = ©]o] A= AOE A
Z+E) 31 T} Deletions E54A X-GAA 9] vk
Xp)ell Al dofub=d] whall, POFE WEHI= deletion
52 4 1 Xq13-25 GFolA] dojdria &
A Atk Xpl1ol A deletion®] Q1O W 50%= &
A Fh7, 50%= oA FEAdS dEha,
Xql3o41¢] deletion> YWHA O 8 o] iR
A FE74s vepdoka deA ok shA|RE
POF & 93 F7<91 Xq21 AA7F AA% = large
deletionol| A WAF-H 1} o] glvkes Haz) )
o] I dAPAe Bebdsida & 5= ok

5) Translocations

AN #3823 (balanced translocation)2F=
2] balanced X/autosome translocationl| A= £F
POF7} Yot} A2l varls fA1E A
"critical region™©] Xql3-q26 GO =2 A|NEHS =
g, 7)ol 71 B AEEE 2l T
B-217} POF1,” Xq26-qter®} POF2,” Xql3.3-Xq21.1
2 AT o] Jmel QaA] Wake 7
ool W17skal, A3H S 2 ynpaired chromosome
< g Al oS doA dRb MEANEE
Ao 7ithar AFE ATt POF1 1<) distal deletion
& 24~3941¢] POFS} ##do] 91aL” POF2 %99
translocatione H.C} o] & o]l 16~21419] POF<}
o] kil HuEAh? Sala & WA W

o

9 g v @Ael B SR el Sir]
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Huh= oy 7o) f327F S99 EAlsta
o] X-2]7} balanced translocation®l] ©]3l] &S Wk

S < vk Aekedk?
3. POF Genes on the X-chromosomes

POF= o8] Fd2=2] =A% o] (mutation) =5
H op|d = tha F5E%= ol#fgk HlolE
2 POF Hx}2] 10% w|Rkol A
L o] §RIAES] we FitolA 7)ol dEA Q)
A koAl obAl of:= A% POFS] 14 HA|2haL

WobEolx 3 gl ek
1) FMR1

FMR1 A= Xq POF T Q%$15 Hojuy
Xq27.3 F-9lell #1A1gk o] fdAfe] Wole 5
9] CGG trinucleotide repeat®] &g O 2 o]ojx| a1
repeats number®l el 4714 diH P o] FlE| o
21T} Normal (6~40), grey-zone (41~60), permutated
(61~200), fully mutated (>200). Full mutation<> %1
2 QAA A o] 7S¢k FEIQ] fragile X mental
retardation syndrome®} ¥+ o] 9JT}. FMRL trinucleo-
tide premutation carrier ‘3 E| 2} POF7} ¥y o] it}
= Ha7F AIRE 712 ofA] gHAlsAl WA A
FI? 3 fragile X 7152 760 o] A4S T
Ao g ZI|AAS AN SAIPE AFRellA
395 premutation carrier®l| Al 16%7} 404 7ol 37
o] ka1, WhH| full mutation carrierol A+ 2389
Foll 0, 1ea gzl A= 2378 Tl 19
0.4%)0l A Z719)73 0] MAYEATIaL B skt
FRAXA premutation®] RI%=i= sporadic =~ familial
el wEbd ohFeAl Basal Y=, =
Aol A= idiopathic POF £} 837404 FRAXA
premutation®] 3% (3.6%)°llA] WAE A rh= Hav}
AAILY L=reltoll A Ank WA ES] 1:5900] H]
3l familial POFO| 4= 13%, sporadic POFl| A= 3%
ol A BarEQek® 8291 S A familial POF
o[ 4] FRAXA premutation< 7173} Fragile X

L EREEER

syndrome®] 7S 27] $1al A 7FX]7) Sl

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

Fragile X syndrome2] AJ3--718H4] Wsl= 1A
v FMR1-mutation ©/3¢1 $kx}=0 A4 FRAXE=Z ™
B fragility®] T+ WA G0l AT Xq28
deoll X FRAXA F-9125H 150~160 kb <191+l
IAIBEAL folatel] RI7HEE A= WAL AT FRAXE
locus®l| A 11 repeats Rt} 22> tlHI @59 o}
7} POF $kabsollA] ER1E A=t o]ofxl Aol A
FMR29] WA= (microdeletion)©] POF2] 2Jv] Sl
= 994 & o 1.5%A HAET By

e}

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

BMP= TGF-B superfamilyol] £31= Al 9] Al
SHY Tl A 2 A growth/differentiation factor (GDF)
g X33t BMP1s: @AY FyuhAx
(granulosa cell) /78-S A== oocyte-specific GDF
olal %7] WAl dApele wAHT
BMP15 -4 *}= Xp POF critical region®] Xpl1.2
F-2lo 91213} Di Pasquale oo YA F-47
O POFE ek 5 Al A BMP1S 7212
heterozygous mutation, < base pair 704 92| A-G
transition Wo]E RIS =H o= tyr235-to-cys
(Y235C) amino acid substitution ©. & 7] A F t}.?

4. Autosomal Involvement in POF

1) Autosomal translocations

POF°l| A autosomal translocations Z3}A] &kal
55 X/autosome balanced translocation®] H.31%] o]

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

(

BPES+ A A FAAso R H3bA 9l
TAE 71gos2 5EAA| I POFS e type

0531

17} POF$} #Hedo] Q1= type I -+ 7HA] FEi7} 2
=) 3g22-q239 $1x&ch* Crisponi 58 BPES
type I, II E5ollA Wo]7} 1= putative forkhead
transcription factor gene$! FOXL2ZE H-A)3}3ic)*
FOXL2+= 2 A9 waoA ey 1o A%
S s FE Wort bae] fx]9F B3l
om] Q= FIFE 7| A= AT AFFAA R o]
o} &2l 135709 intragenic mutation?} variantsE
3 3}3F= human FOXL2 mutation database”} 71
%) 21t} FOXL2 variant”} non-syndromic POF9} 3+
o] k= Barh YAATE? 2 ATEdlA
FOXL2 Wol= #hdlo] gl Harso] glojA of
2] olo] disiM= 7k A7t Fasie Y

4) FSH receptor (FSHR)

[o

FSHE W2 8A7] Setol daola dEe] 52
el $23 4&E k=t FSHR Ak
2p21-pl6oll =] 3Ht}. Aittomaki 5 =1 POF
ghato] oF 42%09 4] FSHR -dAFe] exon 7 H-9
Y] C566T Hol7} #aE it Hastg] o ® o
o] QFe] EFH] U= Hults AlA
FSHR -f-x2pdo] 7} =gtk EJ—%OI 1
o} =gho] Qu} P et HA)} &S 7K POF

% =W Aol M= FSHR vﬁXH C566T
ol =&y BaE Yok

i

il o
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5) LH receptor

LH receptor= 2p21°l $1*]8}=Hl, LH receptor -+
AAF] 1660 A4 thymidine2] cytosine &= 9]
x| gko] FA7 7 Aol LHe| gk A3-S e
Wtk ®Bar) Quk®

SA5 - 520l
6) FSH beta-subunit variant
FSH B subunits encodingdh= ﬁ Z} (11p139]]

9]x])e] Wol7} by YAy} B
A= Bk Ao ol F the AFEelA
= ol kAl ksiel

7) LH beta-subunit variant

Takahashi 52 mutant beta subunitS- 7}2! variant
LHY] ¥ E°] POFAIA] 18.4%, tlZ oAl 8.5%
2 Z7hdcka Bashdeh®

8) Inhibins

Inhibin> FSHE| 0]} M-S A= B2
SEEOF POFY st ¥ A FRE A
Ztw)o] gt} 27] WE7)o] WS Inhibin B} &
FSH 5%+ A2)go] wsle} #ado] glom i
Aol Zaets #HEo] glvkar LA gl
INH alpha -f-7d2te] gk ¥o]7} (G769A) POF2}
o] gtfa HuH o o fHES JTHG
HE 0~11%% TFFH Rasa gley 2o =
Awiolo] gt AT NME EAW7 3
S =

9) GALT gene

%

fy
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GALT 2 A= 204 9p13ol] 9 *8}al, GALT
ALl o] 2 galactosemia® ©]O A= A A A
dA fEslolt) Galactosemia”l &= 342 60
~70%1 4] POF7} BE.a1%th*® Galactosemia®l] ]
3 of7l® PAIFESY 7] A Ao}, EAY7
9] galactose®l|l &g+ o] &4 E|a AEd
gonadotrophin 7]%5< POFE ©}7|3l= 7|# o= o]
et

10) AIRE gene

Autoimmune polyendocrinopathy-candidiasis-ectoder-
mal dystrophy (APECED)®} ¥+ 1= AIRE %12}
o Byl BaRAow ofojd 5 gtk AIRE
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FAAE AAA 21g22.39] Y3kt APECEDES
7H 7274 2] Aol tigh Aol A 124] o] 3}
=9 60%NA A7 5 A stEo] EAgo] Haly]

9}]\{4’.49
11) Noggin mutation

encodingdH= 17q2201 1= NOG #7
Z}2] haplo-insufficiency+=, proximal interphalagial ¥+
9] ankylosis, carpal, tarsal bone2] fusion, brachy-
dactyly, conductive deafnessE 5302 = A
A /42221 proximal symphalangism (SYM1)2.=
o]o] Rt} NOGE WAoA ZdEH = HdAiv|s
o 83 9IS 3= BMPse] AaA= 283
t}. Kosaki 5= NOG %qj@o] (mutation)E 7}
smloﬂﬁ POF A& ’S}M%Eﬂ, NOG =4
Wole= v /2 el o]l POF] 7}t
SAo] Zolr AL MPSA 715S sk

o1
POF9] #+4S =eltka Bashgleh™

Noggin=

5. Syndromic Associations

Cheng &< dAaH-dS x3lste] ofe] Hdaldg
7} AAF bilateral corneal anesthesias HolE= F
A& BaEg k! g POF A& ‘:} C
o™ &3 o UERFE YRt B

7F A TR?

—

6. Candidate Genes for POF

2715l #edE S encodingsh= oW
AAE FRFAAZE 2 5 o of7|dlM = 3
Aol A2HAY candidate 55 st
o] ;zs) Bt 3},

POF 7 A&

1) Diaphanous 2 Drosophila homologue
(DIAPH2)

Bione “s+> balanced X; 12 translocation, t(X;12)
(q21; pl.3)7} THH POF 71594 DIAPH2 4

L EREEER

A7F ByEE YL DIA wulde dd
Z7]GAlo 83k cytokineE ¥} actin-mediated mor-
phogenetic process®ll &S 7|Xt}, waEbA o]
A EdWo] gEEE AAAMEZ DA o
&S 71F 7 a3 B o]& 4 vk DIAE
2134 (oogenesis)ol] T E o] Qa1 T A] o
o| =

Al S 71A= Aoz ARk,

rr

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

USPOXZ %= &7l o] A= Xplldol 913
SFal, protein conjugate =5-E] ubiquitinS- A A=
A AE encodingdte] 135S proteosomal degra-
dation®. 2 H-E H T3+ S s} USPIXE o

el At =™ Y homologueE 7HA L Qlal X
AAA 2243} (inactivation) 2 5-E] BlojuhA| St
o USPOX®] Ed®ol= Harg wb glAnh, 7
A5 d/gollA usPavel DA e AvE deletion
3} point mutation®] B w} glr}*

3) X-propyl aminopeptidase 2 (XPNPEP2)
gene

o] -4 A= bradykinin¥} cytokine 5ol 4] 715
= N-terminal Xaa-Pro band& 7F=i-3}3H= X-linked
aminopeptidase P & 2~5 encodingd}™ Xq25 <ol
A ZHTE XPNPEP2 Al o] xbd 443}
A% balanced X-autosome translocation®l] 2]3f &
Ho] Ba¥o] POFS| FHFALZ A7hec>

4) X-linked zinc finger gene (ZFX)

ZFX:= ZFY2] homologue®A] o}2 7]%5o] 2
A)A| 22 zinc finger transcription factors
SFal POF9] critical regionQ] Xp22.2-p21.3 <l
HAE ZFY= Y AN QUi testis determining
factor®] TR AR} ZFXE X-inactivation©l] 4] B
ojuyj wEbA 7)o mutation®] L} deletion®] AY
71 haploinsuficiency”} 71t} ZFX mutant mice©l]
A AR A L] ZFa7E i E o] POF Aol o3

encoding
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o] 9IS Ao R oater;*
5) X inactivation-specific transcript (XIST)

XIST= E2743He X fAARIARE 5340z
s = F31A2A4 Xq13.2 band2] X inactivation
centeroll 9128kl X FMA| B Stol| HAteH
Aol g0} & Aoz AZEE” Human XIST
o] Aol = HUA (skewed) EEAHS S
oF71&k 4= Qlar o] A el Il [t
] haploinsufficiency= ©F7]A1# POF7} Uehd 4=
ATE.

6) Wilms tumor 1 gene (WT1)

Transcriptional factor?] WT1-> g Z7|cHA| <]
GE SN =S FEE IdE s, WTle Fot
WS 2 Inhibin-alpha -2 A2 promoter 5= <
| wiitel e 27IdAY] T fA]ol o
&5 stpar g ok AAA 11p13
3

=
F-Holl YR8k, o] FAF w3 POFS] $-HF-71

242 74 2321 ataxia telangiectasia®l] A &

3+ FAolth ATM FrAAFE AA1A] 11g22.3 F-9oll
$1x3kaL DNA thAke} MAEF7] checkpoint =9
WA kinase®] T olth ATM FHAF A2
g, AAzA e A%, wadd, T4
Al 5 o8 gkt GodolM B4E dske
Feteh ATM 23 AF A A<k A2ate] 2k
3 FAR Qg Belo] Bk

7. Negative Studies

o7]ol M= 7]Eel EdHo] AFES Bl
w74 AW Ustd FRFARES nEE Bal

A g,

[0

e
fol
[
02
e

1) Angiotensin Il type 2 (AT2) receptor genes

AT2 8315 oW Walg Aol LeE =),
Aol 4] vt 28 Agke] whaol] #EHo|
ATk AQFE o] gt F AFolA E
| Lo A AT2 8471 =4 o

mje] AT2 =g-Ae] Al MEEAollr ofH e}

1R PN e
2) c-kit gene

Aol tfek A5toll A  transmembrane tyrosine
kinase receptor$] c-kito] AYAJA|E o] FQ gt
AES strhi= slo] BAFATE AA| 4q129]
A 8= human kit gene®] <ol IHLAES
(Piebaldism)2] 1oz 1A} 12 o] %
POFol| thal Aol A] kit gene?] S o] 46XX
spontaneous POF2] =3t {<lo] ofeh= K7}

w3 5] 9ok
3) SRY related HMG-box (SOX) 3 gene

SRY (sex determining region Y)2} SOX39] 7}7}-%-
FAMSS Z12F A2l e Alglo] Q= Flo=
AF= o] gk} SRY-113, SOX3-\4x. Xq26-g27°1
A R3}= SOX3 49| deletion®] severe mental
retardation, small testis, lower limb skeletal defects
syndromes WEFH= w0l A A E e ey
16478 2] POF el tfgk Aol o] ke
ol FdWolk: w3ttt (Conway, unpu-
blished).

4) Miillerian—inhibiting substance (MIS) gene

o] Miillerian duct %] 3}
s 2 A W 4R ol
% 2ot AFAdNA
MIS null femaleol|l A %7] AB217]59] E31E Ho,
MIS gene¥} MIS receptor type Il gene©] POFS] $-H.
FrAAZ AL 1O direct sequencingd ¥} oW

s0

o o
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Conclusions
Z7GARAE A AYA, SAA FRes
WeE T3 Aslow 11 V| AS EAsaL
olF B& LA XET AldETHd ¢ B &
Ape} L 7SS A 2 7R d58s Y =
T ATk wEbA] giF2] POFAA] 1S s
F7F sl A97F BAINE X dAA| 9 g MAE

A
s ol el tisl @ At it

=]
Ao gt B2 FAAEe] FEHAAAE A
0] AF7E AJARE o] A S [l

3ESHSE §

U] & mutation> o
. SPAIRE B> 754 POFOl| gk AtollA 7
e ol A ool Halkar §lar #A}
A AF7PHe] waR oo tigh A &2
AT7F & POFO digh A<l
o7k sl Aew A

RO

Edl 1S o 2wy
gk POFS] Z9-ol= AXfdsts HALE Zgsh
AEe e S8l 3 A A oisl Aol
o]Fojzjof g Ao ® Aln Tk

& 1= o
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