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Candidate Genes Linked to PCOS
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Add S5 ( olycystic ovary syndrome, PCOS) 7F17] Aol A 7 EohAl HehtHA e
o] & HHAA] o= WEN Aol 53] pcost FHleA B B8R 75%, oA HET
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association and linkage studyE A} 3 3ic),

Association studyoll= £33 BRbro) A DX R} variant allele] T E3H] BA=XE Yol)
93l case-control approach”} 311l family-based association method=. Transmission disequilibrium test (TDT)
7t Qded o] AARe do] RRIRE o|fE AR dEHeA] RE dotred B %
e 2t

TDT W 5 7kl 9153 w)7o) wx] & W case-control studyo] A A2 & = AA YA
23 A% F Urh B B F ol @Fox K02 o|Fhe Ao A disease alleled WU
A8 WHS]E ‘parent of origin’' B2 B4 o 7b5A ok

TDT7} 3o} E4% PCOS 71559 o g&Este v U 7S5 7252 linkage ana-
lysis®] YRFAQl 157} Atk Linkage analysist disease susceptibility locustt =l-%- <3l 21 polymor-
phic markerEo] A0 2 JIHEL FE}= Algo] githE Ao ZA8kR Ut} Linkage analysisi=
computer ¥4 program$ o]-4-8ka] A8 g},

& dAloAE @A7EA] pcose] 5 dlol € # vki Azkso] A7 Al 9E candidate
geneES TEIEE T A Buxp g

PCOS¢| 5AAQ SAET ABAA T2 candidate geneE-2 A th23 Zo] FEE F 9lrh
Candidate genes linked to PCOS

1. Genes involved in the biosynthesis and metabolism of androgen (hyperandrogenism)

2. Genes involved in the secretion and action of insulin (hyperinsulinemia, insulin resistance)

3. Genes involved in folliculogenesis (chronic anovulation, PCO)
4. Others

Candidate Genes Linked to PCOS
1. Genes involved in the biosynthesis and metabolism of androgen

1) 17a—hydroxylase/17, 20—lyase gene (CYP17)

PAH o2 pCOS BAFA GnRH Aol % 17o-hydorxy progesterone®] #4E Al E7hd vh3-&
Hol PCOS FAoA] androgen S ZAshsd 523 d8L 815 enzyme?! 17a-hydroxylase/17,
20-lyase gene ©]7 7FsAdo] Al7|HATH

CYP17 (P450c17at, 10q 24.3) gene®] regulatory region®] single nucleotide polymorphism (T to C substitution
34 bp from the translation initiation point in the promoter region)ol] &+ ATl A 27] A5 ulade] d-¢f
€8] PCOSTolA] tl&iE7 polymorphism®] WIEXF7} 131 testosterone o] AL AR &
Utk T AU (adolescence)E0] A CYP17 gene®] variants®} mutations® premature pubarche, THE
5, 3 97 59 ZEF e dBAo] 9ok

2) Cholesterol side chain cleavage gene (CYP11a)

PCOS #2}9] theca cell Aj2JolA] BIA] A4 theca cello] ]38l progesterone, 170-hydroxy progeste-
rone “12]3l androstenedione2] ¥-H]7} F7}gth. 0] progesterone A R BAY steroidogenesis ©]4}

< ngith
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Cholesterol side chain cleavage enzyme< steroid 2% A4 A& ©@712] rate-limiting enzyme 2.2 ©]
enzyme2] up-regulation®] androgen A9 F71E Z2ge 4 Atk CYPlla (P450scc, 159 24) gene®]
promoter region®}] 1= polymorphism (penta nucleotide repeat(tttta)n-528 bp 5' from the ATG initiation of the
translation site) 2} 8% total testosterone x| 2} @A o] W= U]

°] polymorphism< 4, 6, 8 “12] 31 9 repeat-unitEo] Ao A LERGH 53] drepeatamito] 7HE &
&t

PCOS7} 4-repeat-unit allele®] FA9} A#Ado] e Ao HuHIL IR0 EE UL R &
Ao M o] 88+ polymorphism¥ PCOS7T d#Ad o) gluhil s}12ict,

T2y} Urbanek § (1999)2 CYPlla | ocusA allelic sharing®] PCOS Apufjoll A vl F718lSAIRE &

AA F94dL §loksl 83 San Millan 5 (2001) penta nucleotide repeat®}f E]":’ZO] 7t 037_'*3 o]
$ITHL &) PCOS9}F CYPllo gened] "344’“ o jeoff e} Ax7F ok Iy o]2)gh Apo 5
TE 5709 aoloa 791 AR gle] CYPlla gened Yo 2% Tl 71x7h 9}1? candi-
date gene &5 AR H T}

3) Aromatase gene (CYP19)

Aromatase (P450arom): C19 steroid (androgen)S C18 (estrogen) 2.2 MFA 71 enzymeolth BH hy-
perandrogenism $+AFe] 74§l 4] aromatase deficiency”F E.31H o] CYP19 (15q 21) gene¥} PCOS 484
o] AFHUT. 2 aromatase gene?] allele™} PCOSY] NTAF& RarmlA] eFgket

4) 21—hydroxylase gene (CYP21)

21-hydroxylase encoding 31 CYP21 gene®) mutationS-2 congenital ¥ adrenal hyperplasia (CAH)2]
71 23 3] ¢l o] A2 pCcosY REH I FARSICH

HZ A7) 5 ACTH testoll A A4 17-hydroxy progesterone A& Bole &S X398 PCOS
F4 @Al CYP2L gene mutationEo] &t vER PCOS FHA AFE g dAbe] HHEY
TEol #E =g Yol 9l

5) Sex hormone binding globulm (SHBG)

SHBG gene?] P156L missense mutation®] PCOS phenotype ¥ 134 31 7HsAlo] A= ik

<t

2. Genes involved in secretion and action of insulin

1} Insulin gene
njgkel PCOS FAbol A AT AR Ed A FFAT A pcellol A insulin 8] o]

A2 A &E =AM o] insulin gene®] PCOS pathogenesisoll A A3 AlAMEHCE

Insulin gene-> FANA] 1ip 15.52] tyrosine hydroxylase gene™} IGF-II gene Abololl $12] 0} Insulin gene®l
5'%:9} minisatellite of insulin gene (596 bp from the insulin translation starting codon (ATG) in the promoter
region)¢] INS VNTR (variable number tandem repeat)©] insulin -8]o] 2|3 #ojst=dl o] minisatellite
polymorphism region &2 14~15 bp sequence”t ¥FHE5 ™ ACAGGGGTGTGGGG7) 7Hg & repeat©]th.

INS VNTR allele2 Z7]0] W} 35HFE FETh

Class [: 26~63 repeat units (avg. 40 repeats)

Class II: average length 80 repeat units, rare in coucasians

Class [II: 141~209 repeat units (avg. 157 repeats)
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INS VNTRL functional polymorphism (long INS VNTRS 7} insulin promoter7} short INS VNTRZ: 7}
% ARc} transcriptional activity”t A TH.L.Z insulin gene?] transcription site?] H&H& XHFTE

INS VNTRO @3t AT AFHE waterworth 5 (1997)& PCOSE INS VNTR locus®] allelic variation}
AdAdo] 9o class I allele? 53] IV genotype©] anovulatory PCOSSF 73t AL Bt
3tk =3 class HI allele PCOS #HAke] ©]F (heterozygous) OFHAZHE] ojynt} 2z o2
AAY &uzio] o] locusd sharingol F7FEATh 2y e AFAES daa ¥4 HEAS] F
AHL A7)k =& Urbanek 5 (1999)2 INS VNTR class I allele} hyperandrogenemia®te] A4
& 24 Xk Bl =go] gith

2) Insulin receptor gene

PCOS @AtoA] &3] e A9 9] msulin 7] ©]4 (impaired sensitivity to insulin action)®] €<l
92 AA S insulin receptor gene®] L} postreceptor signaling®] ©]4z}F pCOSeHe] Aol AAEHAT

Insulin receptor gene2} mutation< acanthosis nigricans, PCOS &3 AA&¥ 4% insulin resistance (the type
A syndrome)E & gt}

BHol go o FEo] pCOS FA oA insulin receptor sequenceE TAMSE A £ o] &L W
WA E@ck 22y} Siegel 5 (2002)2 &0l INSR tyrosine kinase domain®] C/T single nucleotide
polymorphisme©] lean PCOS (BMI < 27 kg/m') &xte} AAdo] sivkal B.3akgich 3 insulin receptor
F3 ) geneE0] PCOSY #o{g Aoleh= 715Alo] AA|EATh Insulin receptor T8 marker (D195884
at 19p 13.3)} PCOSZFe] f-ol3h AdAo] A2 5 AT ZAapolA 9WaA] o] locuso] AT geneo] Al
28 PCOSY ARYE gene® & FHE T Ut I Jocus genel 2 # T Urbanek 5 (2003)0] D19S884
marker®} 420 kb B} A3 insulin sensitivityol] &&E SHE resistin gene® PCOS candidate gene 2 E F4
8}3L promoter region®] single nucleotide polymorphism¥} PCOS, obesity, insulin resistance9t2] A2 &
Aoy dad S 2R Eapich

3) Insulin receptor substrate (IRS) gene

#2 IRS-17} IRS-24] polymorphic allele©] PCOSS] insulin resistanceol] G2 & Zoletil HilER]
t}, o] geneEolA A Z-$ mutationo] WAL A AT varianto] 2] 3t gene-dosage effects?} fasting in-
sulin®} Gly972Arg IRS-I variant, 28] 1L 2-h plasma glucose} Glyl057Asp IRS-2 variantZtol] Y& Ao &
3] Gly972Arg IRS-1 variant:= insulin resistant 2ol 4] non-insulin resistant $Ap} tHETtRCh #9817
Brin Baugth gAY £7EY d7E u) B2 PCOS BAES e s @3 A7 Ha
ajct.

3. Genes involved in folliculogenesis

1) LH B—subunit gene

PCOS A1) 40%°ll4 LHS ®uj7} F7beo} 9lu oleldh F7he Fuldst dasol vk LH
B-subunit gene< 2714 molecular variant7} &## 1tk LH B-subunit gene2} exon2l 2 point mutation#
exon3°]l single missense mutation® 2 A7) variantE<1d] A= PCoSLe] A@EAdo]l §15 common
polymorphisme] 12 FHAE B9 949 4%l #A5=d] pcoste] daAo] 7 Eo] A St

2) Androgen receptor (AR) gene

AR gened Xq 11-129] $)A8}3L transactivation domain®] N-terminalol 4] polyglutamine chaing enco-
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ding 3}= polymorphic CAG repeat”} exonl®] &gt}

CAGrepeat®] G- AR transcription activity®} <ula] Fcial &4 9

Transmission disequilibrium test (tests for excess transmissions of alleles to affected individuals)S ©]-8-3F
Urbanek 5 (1999)] K310l A CAG repeat polymorphism¥} PCOS2] d#A & WaUxE A
CAGrepeat 79} androgen action®] 9v]d] 3= A& Wach

Mifsud 5 (2000)& PCO9} & testosterone®| & Kol ol o3} - short CAG repeat©}2]
AHAEE Bt pCoSY) 7102 -2 androgen receptor allele] 213 571 androgen 8- A
F71 dAae] o (PCOYE doivha Attt Z18iy} AR polymorphism] PCOS pathogenesis
oA d3e o] & Ayt s

3) Follistatin gene

Follistatin-& activin binding protein ©.2 activin® pituitary FSH secretion 271 2H-8, Aol 4] follicle ma-
wration 24 5 Waiste) dxe) AL dAlsks 4TS vk WA follistatin gened] ©]4F
o] PCOSoIA Qghg & = glthal A ET) Ed FEA o)A transgenic mouseol) A follistatin®]
overexpression ¥ FSHX 2] 7449} follicle maturation©] AA & AL w2te 4= 9ot

12} follistatin locust™ Urbanek 5 (1999)9] 39 9] affected sibling pairsS w2 g AofA]
PCOS2] 7333 candidate genel F UERGAINE o)F 331y §48 uplo® & AT thE o)
A& PCOSSFe] AdAjo)l BAEA] ggtrh B3 follistatin gene®] sequencingoll Al PCOSSE dddtd of
M et variant®2 FAEA] sl A follistatin gene®] 17 variant &0l 1670 #¢ =& Yl
81+ common variant®= translation %] %= vFA)El exon 232} single base substitution ©1ith whe}
A PCOSAA S AL wud Ao AlgHTh

4) FSH and FSH receptor gene

Amino acid sequence”} VHAA] ¢ FSH beta subunit gene2] exon3oll )& Accl polymorphism®] obese
PCOS #Apoll A Bi1E A}, Z18{ul FSH receptor?] mutation screeningol A1 PCOS2F A#E variant
HAR A gt

5) Dopamine receptor gene

Dopamine2 GnRH%} PRLY] FH|E 44171t} Dopamine D29} D3 receptor gene2] polymorphism©]
& A A=l D3 receptore] rare allele (allele 2) homozygosity?} PCOS, clomiphen resistance7+2] 34 0]
hispanic /oA B3 H T} 224 non-hispanic Aol A= 218k dddado] vreh A ¢Sk

4, Others

1) The major histocompatibility Locus

Chromosome 69 %) human leukocyte antigen (HLA)S encoding 3} major histocmpatibility locus @k
PCOSS] A AT dife AF5oA N2 AF5He AnEe] BuHSIT Ober F (1992)2
PCOS9} DOAL*0501°) Aol 1o o] allele®] homozygosity’7} PCOS oJAollA] F7ts0o] l1
HLA®} link F©] U2™ recessivedt 4 WAHS Bolotn & ¥bd Hague & (1990)< PCOS2} HLA
74l linkage7} §1Thil Ba1sled =gke] =7} 9)

2) Calpain 10

Calpain 10 type2 diabetes®l] susceptibilityS %714 71+= cystein protease©] T}, Calpain-10 f-82te} A
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¥ 3 DNA polymorphism (SNP-43, -19, and -63)% PCOS9}Fe] &AL It} 12} African-American™h
Whitesol| 4] 112/121-haplotype combination®] PCOS2] <F 21l 184 57 }9’} o] ik gelx ok
(Ehrmann 5, 2002).

! AEEd TP EL vehdch
uj2ka] 9% pcos et 71%% 73%6}0% PCOS SAES A Qg 89 agu 7Y
me sk BAEE Zlo] PCose YA AT 4 e WieE AdErt

29 candidate geneS0) Pcos.A A9 gene L2 FAAIEGl oW} FEElo) ukaEA BAe AAE RY
& geneE2 FSUTH PCOS7E thekdh Ffo] MlXo] Wag F7] vl FEHsA dHHE cell
signaling geneE°] 7FsA 9= candidate gene 5= AZtE ™ AF70A] &8zl 2] AT AHE 7]
WMo 2 AAZ g v)FEs) AEHon B AT Yo A3vE AdEe pcos BT A
B FAxE dEAE family screeningS £3F PCOS $418] 7] Ad 2§ F 44 93 o5&
V5% Aoz Algdc)
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