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Objective : Premature ovarian failure (POF) is a highly heterogenous condition, and its etiology remains
unknown in approximately two-thirds of cases. POF can be caused by Turner syndrome, genetic disease,
iatrogenic agents such as chemotherapy and radiotherapy, infection and autoimmune disease. X chromosome
inactivation is the random process in females during early embryogenesis to achieve dosage compensation with
males. But skewed X chromosome inactivation occurs in the female carriers, secondary to cell-autonomous
selection against cells in which the abnormal X chromosome is active. Highly skewed X chromosome
inactivation is likely to occur in POF which caused by subcytogenetic X chromosome deletion or translocation
and X-linked gene mutation. The present study was performed to investigate whether highly skewed
inactivation of X chromosome is observed in POF.

Methods : Eighty-six women with premature ovarian failure were studied and eighty-three normal
women were enrolled as a control group. X chromosome inactivation pattern were determined by studying
methylation pattern of androgen receptor gene.

Results : Seventy-six of the 86 POF patients were informative for X chromosome inactivation assay, 8
(10.5%) of them showed highly skewed X chromosome inactivation. In the age matched control group, 3
(4.1%) out of the 74 subjects showed highly skewed X chromosome inactivation. However, this finding is not
statistically significant (p=0.2274). Among highly skewed X inactivation, one case of premature ovarian failure
revealed 46,XX,del(X)(p21) by high resolution band karyotyping. Therefore highly skewed X inactivation can
provide clues to evaluate the causes in POF.

Conclusion : This study suggests that screening of skewed X chromosome inactivation for the POF will
be useful to detect subcytogenetic X chromosome deletion or translocation and X-linked gene mutation
associated with POF.
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Z 7 dARA (premature ovarian failure, ©]3} POFZE
oFsh) & 404 ool 67§ ol A}t glewA 174
4 1Ao7 2 A% dF dxAFT T2 E (follicular
stimulating hormone, ©]5} FSHZ 2}3hHo] 40 mIU/mL ©]
Jog Z71E ASE B, B0 9 BEY L
9 BAE /AL 4 on, o]z A o 71A] A
Aol BAY we B Frk' POFS HIEE 404
ol s 7Eez & o 1004 B 1o, 3045 7|E
o7 3w 1000 ¥ 1Mo RuFy’ 4de &
T e A7 2340 EskH, POFI A 7174 & ¢zl
dlez= HY FFTolx, ArfHGAE ety
AR A ' 2 2y So] dolez oA 9lrk’ POF
o} TuEE ArtHddso 2= TS AstEol
V4 E80, Addison#] ¥, A7PEA DR 237
9 A7bAY chjRulgZel glck POFe] fa4 A9l
O 2+ galactosemia, GAA o)A}, FAAY] Ho] Fo]
B1ET rk! POFS) #EE X gald o]gozE X
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o, X GAA o] ool o5 WA 27|IdATH
& doziga FeA v we 447} POFS] F
FAAZ AZHAL, o)FE oA fFHAE] HolE
A4 POFS] oF 60%7F #34 Ao gk 2oz &
Ik

X dMA 3843} (X chromosome inactivation, ©]3}
XCIZ °Fhe Ao AolM FATe] X d4A B33
2 wAgslaA Se) X @aAF shit R8sl
Aotk XCI+ wijobdtd Z7]o] Yo oA} of
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Q0] B 24 AxL) 571 Aol BEAoR S
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aEHe URlo] & 4 glon, o]F oS JHK B
Aol A= FHU A ] X G4 2843} (highly skewed
X chromosome inactivation)7} 1FeFE 4= 9Jch>
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0y de A7 WHE WEsE zton uEujd e o
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1) DNA®] F%

D289 5 mLE EDTA7} §-R-F polypropylene tube
of A 5 WHFoM DNAS Zelatdtt d 5
mL 3 Nucleus preparation buffer (0.3 M sucrose, 10 mM
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Tris-HCI, PH 7.5, 5 mM MgCl,, 1% Triton X-100) (Sigma,
St. Louis, MO, USA)E 45 mL# H7}slo] ALd 155
T RRAIA AEE F3AIZ] F 4T, 2500 RPMO A 15
B2 A4 2k 43 & AFas HE JAHE
ol lysis buffer (0.005 M NaCl, 0.024M EDTA, pH 8.0) 2

= Y& 3 10% (W/V) sodium dodesyl sulfate (SDS)
(Sigma, St. Louis, MO, USA) 125 ul, proteinase K 10 mg/
mL (Sigma, St. Louis, MO, USA) 50 ugE 718k 5C
oA 2417 WHEAIFATE 2] DNA §4 7 2e B
9] phenol/chloroform (1:1, v/v) (Sigma, St. Louis, MO,
USA)E A7iste] deld S A Asl: 248 23] whas)
4t} Phenol-& 20 mM Tris-HCL (pH 8.0)2 =& ¥ A&
A3l TE ZF @A 2 DNA 896 phenol/chloroform
oA 2087 £33k 2,500 RPMO] A

(24:1, vfv) A&
1027 dARs T thA] AE5dS o2 AdHR &
A 3Fatgch 2EE DNA £l 1710599 3 M
sodium acetate (pH 8.0) (Sigma, St. Louis, MO, USA)$}
v 22F9] cold absolute ethanol (100%)S 7}t 2+ 4]
< % DNAZ} HAEH £8 F52 Pasteur pipetteS ©]
§3t9 7% DNAE 7rol &9 H AAU FFol
ol &AM E33A (UV spectrophotometer) S ©]-8-3}F
o] 260 nm Il A FHEE A8t HFF H 20T
o RSt

2) X QA A3t 24
X GAA 5843 &
e AGELE o8 WS Fste ARSI
914 androgen receptor f-AAFE AWM A] ol 11-317)
©] CAG repeat 2t 312H, 20 bp2} 60 bp 95l
mgste] RIZHEE Hpall Algtasie] AEigE 7hA|1
It} (Fig. 1). Hpall AIFEAE X GAA 7 B&A3lH
o CpG island7} WE3tE o] glow A5 & glonz
PCRe] 93] &2 4 Utk w2 X AA4A 7 293
5o] CpG island7} WlEst=]o] QA ¢kow Hpall A3
o o8 Ao} PCR| oJd) FE A o=
7+ 3z21o] DNAE Hpall A4 2 A2 7 (digested
DNA)¥} Hpall A|3ta42 #23}A Y& T (undigested
DNA)C. 2 uio AR AEAEZ |43 PCR %
GenescanTMS- o]t X B84 v&S A9
th. AR AAE Hpall9] A eH9) 9k CAG repeatS 5A]
o TFEEE AZEYa (Fig 1), ASEA s &
o] ¢hHs A2 4] $)5he] digestion control 2A] A A¢
Ydo] DNAS 72 Whioz Agstgth Undigested
DNAE X @AA| £8/d38} HE& 374 internal control

4% 9
2 ARSIt
arp Hpall Hpall ey 1131
Xq12
}» 40bp «i» 20bp«‘ -~
AR2

Fig. 1. A diagram of the region amplified in the first exon of
the human androgen receptor. Hpall site is within 100
bp 5 to the polymorphic CAG repeat. AR1 and AR2
are oligonucleotide primers.

A AR #7749l 19) T84 CAG Hhaug
FEA717] 5t HEstd Rzkek Algta L]
19} CAG repeats FAldl EF3I=E A43H4
HWAIEEA] (forward primer, 5-GCTGTGAAGGTTG
CTGTTCCTCAT-3)9} ZHFAEHA| (reverse primer, 5’-TC
CAGAATCTGTTCCAGAGCGTGC-3)E |83} PCR
s Agsdth 2t Bl A EA ) PCRU-SS A 83}
St} g sample T F719] tubeEs THE O] TZol= 500
ng®] DNAS} wgsle] wzHe A|ghaiQl Hpall
(Invitrogen, Carlsbad, CA, USA) 10 wnitE H7}sla A%
3JALe] Ao wabA 1X reaction buffer 82 o] 20 ul
9] reaction mixture solutiong ¥HE1, ThE Zo| &= A3k
EAE AYs 500 ng® DNA (digested DNA)S} 1X
reaction buffer 88 o] 20 19| reaction mixture solution
< w10} (undigested DNA). Undigested DNAE 2+ 7H
el QAL A FZAlo] internal control 2 A}
S35k o] A& & £k ¥ 37C incubatoro] A 2413t
¢ ABBAT Eadd o3 dto] SHIAE UV
93}e] digestion control 2A] A thZF G4l el DNAS
ZE o 2 At AaLE BEEAS 277
Aate] 65CAA 1087+ & F, 1 ul®) coprecipitate, 2 ul
9] 3 M sodium acetate & 40 yl ethanol-S- 21 20 ColA
overnightd}] 4TCo| 4 2087 92 S & DNAE F
Z3t4h

Forward primer2] 5’-Zto] phosphoamidite2 & F&E2
S ¥A39dh (Invitrogen, Carlsbad, CA, USA). 10 y1¢]
reaction mixture solutiondl]+= reaction buffer (20 mmol/l
Tris hydrochloride, PH 8.4, 50 mmol/l potassium chloride),
100 ng®] genomic DNA$} 30 pmol®] primer, 1.5 mmol/l
magnesium chloride, 10% dimethylsulfoxide (DMSO), 0.2
mM dATP, 02 mM dCTP, 0.2 mM dTTP, 0.125 mM
dGTP, 0.75 mM 7-deaza-2’-dGTP (Amersham Biosciences,
Piscataway, NJ, USA)9} 0.25 unit®] Taq Polymerase
(Invitrogen, Carlsbad, CA, USA)E A}-8-3}%{t}. Digested
DNA¢S} undigested DNAZS ¢4 95T o)A 587t initial
denaturationA] 7] ] touchdown PCRZ denaturation-& 94°C

o e
ol do >
T A 3
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o A 15%, annealing& 60Coll A4 30%, extensionS 72C
o4 022 AA 07718 AP F 2N 1582
Q% WAL WRBAo] Bo7 PCR AL 05T
A 427 WA F 3715 ZH37] Y8t intemal
size standard24] ROX 500 (Applied Biosystems, Foster
city, CA, USA)& Y1l o]A& 4.5% polyacrylamide gel
o] A7]19%3% T ABI 377 Stretch automated sequencer
(Applied Biosystems, Foster city, CA, USA)o A £
3}l dlo]El= Genescan software package (Applied
Biosystems, Foster city, CA, USA)$} Genotype software
package (Applied Biosystems, Foster city, CA, USA)S A}
43l =712 =A3FYth X chromosome inactivation
ratio= digested DNAO|A] 1} allele product ratioS
undigested DNA ]| A} 1}-& allele product ratio2 L}0]A]
T3

3. SAXz

dBSTAT TAZRIHE ]85t chi-square] &
ATk pgkol 0.05 MRkl W) EAH o7 Fojg 7
oz gk

Z =

POF 34} 869} AAF 2T 834 5 &£ 169 of| A
X A B84 Y& Z437] Y5t androgen
receptor inactivation ratioS 3} T}

1. CHAKTLO| QlAfoFAL

POF 34} 861 £ 59 (5. 807)— L FLHol%,
81 (942%)2 &4 47 AN 304 o]l
POFE B3l A= 477 (54.6%)01‘213, 30-404]¢ll POF
£ H9 37 39 @54%)F oItk POFY Ha Az
3574 (17-64AN A3, 87 2T o A% 34.84)
(10-554) e} 71E" o] = AS7} 39 (3.5%), é “
715 AsFol 6% (7%), lupus7t FHHE 797
(2.3%)°] Atk

2. X QM setdst 24

1) Androgen receptor gene®] PCR Z 3}

Androgen receptor A|HAE o] 83 PCRAF T}
2o ARE A& & ddd (Fig 2). Track A7} HpallZ
28] e+ 3] DNA©| 1, track B7} 22 $kx}ol| A HpallS
AelstA] & DNAo|t}. Wef 12 s2b= PCR 4HE9]
37] (bp), Fol E WAL e Fojth HAS o]&
ste] X E&443) v 8-S o B digested allele product
ratioS undigested allele product ratioZ E Ao

(7191+668)+(1762+1624)=9.920] 11, o]AL HAEZ U}
Rl ® [9.92+(149.92)]X100=90.8% & ZH]t) o] X QA
A BREaE ol

A 400
200
200
100

D)

[Fisi] [eeg]
EA_’“/\,/LL,‘/M‘ :
100

50
ez

Fig. 2. Typical example of skewed X inactivation results
gained by PCR with primers AR in POF patients.

2) X A B4t & £x

Digestion control 4] AF&-3F A4} YAl ¢] DNAE 34
Zidsteo] glom, Wdslez] g7 Uﬂl'ﬁ_ﬂﬂ Hpall A&
B o3 ¢d3] AeEHo] PCR & FE4HEo] UE
W) gsith B 270080 B4 1093 34 e
2 0ol BAZIL3 $A19) T dFAAL BT
#& A7]19 PCR AHES UYERlE 53HYECE 284
gt H&S 78 5 glo] ABEA A ALsATt (Fig.
3). o|FHTS Holv Z7|dARH Al 76 (88.4%)
I AT 749 (892%)0 A BEAIS HlE&S T
T UATE 90% ool IFuA ] X HGAH B&Ag)
£ Ho|E %% POF 4 893t A4 rH T 3gos
2+7} 10.5%, 4.1% 2 1}<} POFS] A lﬂltﬁﬁo% YUeRhl=
A7 gokoy Ao o9 & zpole Ut
(p=02274). 75% o< HdA X |4A EBL4s)
(skewed X chromosome inactivation)2 2] &t9S o
POF:= 223%, A4 dl272 21.6%2 FAAHOR 99
Ae zole A (Fig. 4).

A 1000
500
1500

B 1000
500

15745)

<

[‘l[‘
%%
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glle

Fig. 3. Typical example of homozygote results gained by
PCR with primers AR in POF patients.
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Fig. 4. Distribution of X inactivation ratio in blood of POF and
normal females.

3) FHiA Y] BE4sE Rol= POF $xte] £4

2 AFelA ezl SHgA Y] X g4 E2A4sE
Hole A5 TA By 8o Z7|dATH SRt
A2 A FeFo R GAA HAME 46, XXST
6 £ T FAZ 5HE GAA HAY
46,XXE UEPHATE 2% 382 E9e Aol AL
o, g f4hs UEille B ol AsddlA Uehve
o2 §idith Bt A
resolution band karyotypingoll 4] X
deletion® 2 813 A T} (Table 1). 3] A
wg AT A 7HH A2
iake ehlle B gt

O:

B oo ot

i
ol
o,

d
]

XCle 43} o gellM X & ke ¢S ot
7] skl BT FALR o] Fodth. ST <)
XCle FE 3 ol %A fd X 447 Ad
Aoz B@AstEE Zolg X gAA9 24 o],
= 24, T8 32 X GAA9} ZEAAe Bd dxtel

Table 1. Characterization of POF females with skewed X inactivation

18

d5 9

A g2 AEdA HIAAAR X GAH 7 B84
gEE FugA e XCIZ JEpdtE whE X g4
oF FEaA e ¢ M AT uiRE AzdA
44N X QA 28A4sE = FHUA Y XA
Yehdth” o] ZuglAe XClEs 2ok e 34
TEE FAS = AXY ox Hdelg Axd 4 3l
o g fabe Adeaigel X AT §7A4 oA
Ueld 4= ok ozl Edwoelrl Belxl ofAel dxat
Aol AR AE Yehfo] BAA of Jell A =p
Afate] Wwsl 2748 4 gtk RuEAgt! S|
A o] XCIo] HlEE 1.5%0 A 23% 714 thakslAl B
g1 9o go|7t 42 1 wiwst Zvlete] 254
olal oo MM FEoA IutjA 9 HEL 7%l
6041 oo 79 16%= =Rl AedAel it

date FANTAA SEI X FUAES e 4
7} B2 AXd wa) Hed 992 1E F 9 o
olt}. oldl 2244 AL MeFFe B X A% FF
T Bt X g4 2gygste 7
e gAA e Hes s EAshs AolH, o2 &
sl geFsh i, 23 9 ool whah Aol Aol M
o] FuH el Hlgo] thEA Bk’ XCld g
ZAAPPH-E AR fAzbe] i3k BAjo] wl$- Al egta)
T Agsitta delA Ak’ XCIE Parshe woe R
densitometer A}&-3}7)% 3}t &3 PCR £A0] ] Al
2 ok Aoz Buwy g’ B A7 E &3
PCR E4A]¢] DMSO2] AHg-02 GC7} F5-3 99
FZA ZA77F FL gy Adgos FZys
AL 9 5 UATh FAY HEsel ugd A &
9] Hpall} CfolZ AH§-3 Aol St 3] XCls
254 olstel A Aol T%olar 60A] ol Ate] A
o] Aol A 16% = VFERFA B Aol A YEhd 4.1% R0
= RuEAY’ ol T AF 5rz AL A
7F g Mo AgdEAR A A9Hoh A A
2 £ 93, $/19 A% 542 227 5W DNA 2H

=

Sample No. Karyotyping Obstetric History Family History of X-linked disease
13 46,XX None None
24 46,XX None None
28 46,XX,del(X)(p21) GIP1A0 None
30 46,XX GIP1A0 None
35 46,XX None None
43 46,XX None None
95 46,XX None None
96 46,XX None None
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o] zolx 23} T2 FAL =Y F g
XCUZ} =4 249 4+ ok JEM B Od?oﬂ A &3
Y2708 AFRE A4 YAl o] DNAVE 100% Aers] o]
PCR 2F=o] A3 JERJA ke 702 Ko} Hpall A
FEL VPt RE FRI ddo] H AoR AR
Ao} &3 H)53 Urou A izl A FHjthA el
XCI WEE 32%," 35%, 45%,° 5%"2 Buse &
Aol Aze} H|%8¢ T Lanasa 5o0] B 15%K
o= B/ el volol wel FutiA 9] XCrt &
Zhettke Bzt 9o} POF Eajel A Zujjs <)
XCIZ B9 AZ9] ol 17, 25 (21), 28, 30, 36 (2'3),
38A410)a1, A4} 2ol A= 30, 31, 5742 ZH|tA 9
XCle vole] a3 ofd Ao Al HT. & A7
Azt A G4 thz27ol H| POF 3hatol A )4 o)
XCI9| Hl&o] F7tse 43S Bl AL POFY °J°l
o] B X gAlAe BE Ao} A% T3 g

AA 0|43} POFE Yo7 faAe] wolr} wx%éi
THE FA817] 5t Aeldor Bty Aow
Az ETh whek gl l*oﬂr F2ALe] o)} ol
o IAAEA A Hato] F
olth. wabs @A|7H#] POF
= rokAmk X Al At
5 A B3}

p
298 4 9
F 2

o
)
©
=
©
Rt UL

]

hlgh resolutlon k:alryotypmgE Al
ALY genotyping®] HHHOo 2 mAE Ao}, Wz
¥ 4 9ltk 2 ATONE FHRe) XCAIE 1)
POF Aol A 788 A4 XXE Bgou), & HolA X
A o] thelo] terminal deletiond WHASI T A4l o]
FAHE 71SolA AAfratel W=7t 2 goom,
doRiTk cloh® $USk vgol Btk 2oy
o B WL FHtA e XCIE H"iﬂ 839l
EPER *w bol Welolu} ofote] B4l 2
7FetAlE stk l A 9] XCIE RelE POF
BA471 47 W & Qon, Fo ° Be 84
2 yez @ a7l Besele ARut. A
POFE ¥o7]= X A Azt wWolg Mdsies &
el ol Q] Wil AEAAR XCIE WA
F Atk £ AT AdeA BHZo] POF SAtellA 84
ol HsiA SH A ] XCIE veplle AFE 12
ol A& XCI7} POFY ARloz &=z X A9
Adolt Azt B obd AR g FHAe] Wols
o 2= 9= 7HH A Woz AlEHh

€ POF $AtellA] 7| 2742 S 28 AL, At
QA AL R 3 fAA Wol ¥4 o)

iy o2 & (o &L 2 0 o fr
ot 'O;drlr

= [‘lr r>' rl

% XCIo) B3k AEAAL Bed Aoz Alg .

z =

POF &t X @AiAle] Aot Az 5 fx4
Holgh e E SH A9 XCIE YA E 47] 9
ato] AR frdzke] B gE o] 83t XCI vl &5 34
sto] g volo A dxwd Hwstg B A7
= A 271N Eake] {17 Hold gk A
T oM TP B #AE dder & Ao, 5
3 X gAA BEAdste] #42 IdA AgoeR ®
1= Aotk & d5-e] A3} POF Aol A A4 vz
o HlE] SHA e XCIE Hole AEFS Yehld
o w3 SHA ] XCIE B g He 27dAatA
32kl A high resolution band karyotypingell Al X A
29 terminal deletiono] WAE TE o]& X FaA 9
Aoy Azt aela X gAA ¢l 9= POFSL drdd
frAzke] wol7h SHgA o] XCIE 2 AR Atgd
o} webA 491 B el POF gatell A Sult) 3 ] XCI
£ 2Y A5 GUA o] Feolu frdAt Wo] 5o A
QA FHA ol s AR @A7tA] POFE Y o7]+=
X A% A wols sk a3 Wel ¢l
7] ool POFe] gk data AT AR XCI 240
AHEE Sl
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