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¥ < 4§ & English Abstract

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder
in women with reproductive age. There is a broad spectrum of clinical presentations
and the heterogeneity of symptoms is extremely high. In adolescence, the common
presentations include amenorrhea, irregular menstruation, hirsutism, severe acne,
obesity and alopecia. The patients of childbearing age have higher risks of infertility
and pregnancy complications, such as abortion, gestational diabetes, preeclampsia and
preterm delivery. And they also have higher risk of metabolic aberrations such as
insulin resistance, type Il diabetes, hypertension and dyslipidemia. Therefore its
impact on women health is huge and lifelong. Until now, there are still many
unanswered questions regarding to its diagnostic criteria, pathophysiology, treatment
and screen strategies, and long-term prognosis. Therefore the aim of the proposal is to
conduct series of basic and clinical researches on PCOS.

In the first study, we applyed a matrix visualization and clustering approach,
generalized association plots (GAP), to divide 460 PCOS patients into four distinct
clusters according to the correlation of four endocrine parameters. Each cluster
exhibited specific endocrine characteristics and the prevalence of metabolic syndrome
(MS) was significantly different among each cluster (P < 0.0001). A common
endocrine characteristic of the metabolically unhealthy clusters was relatively lower
LH level. While high FAI level did correlate with more severe metabolic aberrations,
high LH level (>15 mIU/ml) during early follicular phase showed better predictive
value than low FAI level to become a metabolically healthy cluster. Our results could
stratify women with PCOS into meaningful subtypes and provide a better
understanding of related risk factors. This could potentially enable the design and
delivery of more effective screening and treatment intervention.

The second study was focusing on the pathogenesis of PCOS. Abnormal
folliculogenesis is one of the cardinal presentations of PCOS and the formation of
follicular fluid (FF) have been proposed to be involved in the normal follicular growth.
However, whether or not there is a change in intrafollicular angiogenetic/angiostatic
factors and in endothelial permeability underlies PCOS is unknown. Therefore we
collected the FF from 13 PCOS and 11 ovulatory control subjects. The influence of
FF on endothelial cell permeability was evaluated using a human umbilical vein
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endothelial cell monolayer permeability assay. The FF from PCOS patients caused
significantly poorer endothelial cell permeability comparing with the effect of FF
from the control group. The intrafollicular expression profiles of angiogenesis-related
proteins were analyzed using a Human Angiogenesis Protein Array Kit. Among the 55
angiogenesis-related proteins tested, there was a significantly higher level of
intrafollicular platelet factor 4 (PF4) and PF4/IL-8 complex in the PCOS group (p =
0.004). The anti-permeability effect of PF4 was related to the decrease in the
intercellular gaps and antagonistic binding with IL-8. Our study provided the first
evidence of the pathophysiologic contribution of the well-known angiostatic protein,
PF4, on human reproductive biology. The increase of the intrafollicular PF4 and its
anti-permeability effect might affect the formation of FF and folliculogenesis in
PCOS.

In the third study, we wanted to elucidate whether and how the pathogenesis of
PCOS is related to epigenetic aberrations. We established patient-specific induced
pluripotent stem cells (iPSCs) from skin fibroblasts through the application of
nonviral episomal reprogramming and were differentiated into ovarian granulosa cells
(GCs) with the use of a cocktail of growth factors. This could serve as a valuable
model to evaluate the presymptomatic pathogenic events in early cellular
differentiation and developmental status. The combination of DNA methylomic
analysis in the adult GCs and iPSC-derived GCs revealed several differentially
methylated genes and differentially expressed pathways between the PCOS and
control groups, and a preserved persistent hyperactivation of the CREB signaling
pathway might be involved in the pathogenesis of PCOS. CREB and its coactivators
are known to be critical sensors for both hormonal and metabolic signals, and it is
possible that the aberration of the CREB signaling pathway could be related to
complex hormonal and metabolic disorders such as PCOS. These results could have
implications on the early developmental origin, familial nature, and environmental
interaction effects of this disease, providing possible therapeutic targets in the future.

The aim of the fourth study is to investigate the role of microRNAs (miRNAS)
in the pathogenesis of PCOS, and to evaluate the feasibility of miRNA expression as
clinical diagnostic biomarkers for PCOS. We selected 14 targeted miRNAs which had
been reported to be related with glucose metabolism or diabetes, ovarian or pituitary
function in the literatures. Totally 75 patients with PCOS and 20 control subjects had

their plasma sent for rtPCR analysis. The results showed that the expression levels of
\Y;
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miR-93, miR-132, mR-221, miR-223, miR-27a and miR-212 were significantly
higher in PCOS and the levels of miR-222 and miR-320a were significantly lower in
PCOS group. The prediction model for the diagnosis of PCOS was further established
according to six discriminative miRNAs and the area under curve (AUC) was as high
as 0.96. The second part of the study is to evaluate the feasibility of circulatory
miRNAs as the predictive biomarkers for the therapeutic effect of metformin.
Clinically about 50% of PCOS patients showed improvements in ovulation and
menstrual cyclicity when taking metformin. Therefore we compared the expression
level of circulatory miRNAs between metformin-effective and metformin-effective
patients. And then we established a predictive model for the therapeutic effects of

metformin according to the expression level of four discriminative miRNAs (miR-93~
miR-222 ~ miR-223 ~ miR-429). The AUC was 0.72 and could be validated with

another separate PCOS cohort. Our study showed that the expression pattern of
circulatory miRNAs could be effective prediction models for the diagnosis of PCOS
and the therapeutic effect of metformin. The pathophysiological contribution of the
differentially expressed miRNAs to PCOS needs further researches to elucidate.

In summary, the GAP analysis stratified women with PCOS into meaningful
subtypes and provide a better understanding of related risk factors. There was an
increase in the level of intrafollicular PF4 protein and its anti-permeability effect
might affect the formation of FF and folliculogenesis in PCOS. The aberrant
epigenetic regulation was shown to be involved in the pathogenesis of PCOS,
including differentially expressed DNA methylation involving CREB signaling
pathway. The differential levels of circulatory miRNAs between PCOS and control
group could be an excellent diagnostic tool for PCOS and the regulatory roles of these
MiRNAs on PCOS deserved further studies. The above results provide considerable
contributions for both the basic researches and clinical practices in PCOS.

Keywords : Polycystic ovarian syndrome ~ induced pluripotent stem cells ~
permeability ~ DNA methylation ~ miRNA ~ epigenetics ~ granulosa cells ~ CREB -~
platelet factor 4.
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RSB Y 3 w2l o 50 g B4 (dyslipidemia)~ " § & re4= (insulin
resistance) ~ ¢ & 4] % 2= (central obesity # abdominal obesity) ~ % = 2|4 f s
B BRE P i (Chen et al., 2007; Moran et al., 2010; Diamanti-Kandarakis and
Dunaif, 2012; Wild et al., 2010) - k@ » B A L B ERE ST ot > 7 &

FRECLREGEREAS S BA R R ETE > GLEBRLTREIG R
AT ML G P R R FENE L R ATRAHFRGIHER 7TE K
2 gkéﬁ@%ﬁiﬁfe%—ﬁ RAE o R TRIBELFE FREEATR A HE ¥ 2

% b '3 it 4p M (Shroff et al., 2007; Chae et al., 2008) > @ » 3 F s 771 4~
4
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FRABLEE v B bR EHOIRAHBFF LS BEEATRG AR
Szt bR FE L R (Hassa et al., 2006; Kauffman et al., 2008; Wijeyaratne et al.,
2011; Li et al., 2013; Hosseinpanah et al., 2014) - g ¢} » “f 7 & FAr (testosterone)
ek B g R Aok e B4 & 22k (dehydroepiandrosterone sulfate, DHEA-S)
fo% ¥ 1 % (luteinizing hormone, LH) » & 4tdp 2 22 37 (A 3B F ehgF 4 &

4p & 7% 4+ (Chen et al., 2006; Lawson et al., 2008; Lerchbaum et al., 2012) o F]y* 4
AR BE R R ORE AR TREATHAHE VORGSO RA L R
RER YA BACA PR AFENITRAHER G THEL > TR R
I3 Bie R "‘éﬁf%w ERRBREAIRE DL AL EEF Y
-2 FAGENATHAHI R GORL (T 2R LT R DE U R
# 2 &34 sAE 1 (primary prevention) z stk > FT et R L ARP L HF R G T
2R g Rad FBAENMERD SFIATMASEGEE BT o Flpt gL
FIF s - R F2a A PR L R GERLDEBRE TR F
YV URTRA A RE R ARG Sup REF A o TRES SRR
R ¥ ARM PTRA iR 0 7 G 220 - R R E AT R VAP M L R
Wi (B ERA L RRIER X PSR o

(3) Ww

SR TS S  EERE R S L
B AR F R R AT NI FF o G SRR
kool (20 ¢ g 4 > T & - g dE 15129 L4 ek B w A 4T
BEoT o W Rlg 4 %ﬁ**i@ﬁ*ﬁmﬁﬁ"mwﬂgﬁﬁwiﬁ&ﬁﬁ
SR I FfpED B ’ﬂgﬁ,&;ﬁﬁﬂﬂwﬂi;g}:g’_\iﬁﬁﬁﬁiﬁqzs B B4k ;}
B el L 4m e h108 & (Lim et al,, 2012) » 377 & e % F A hiv o
SRR R kT b Ra 0 X B g A A F R T2 LEL R B
FRERHLE A Y T A g NIRED i A (referral bias) o v TR G
B CEEGHEAE T AR ERIRE OETE AR AT L
%F;D%E'Jf CERGEF Y N R R PR BRE R

Foba p AR F R Fp LA A B B REFD R T
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e T PPl piaEL PR A RAHEL Fh ) R or R
HFRE T A BAFERLFORF AR RS T alEF 4 R
(Ezeh et al., 2013; Luque-Ramirez et al., 2015) - izt 77 5 &1 > Wi § & B 9F
RoRiEHE LK AR S kP Ky xR K H o RGO R E_ig H

fﬁ’w @ 0 F R F AR 7R g N e 5 1 e g iR ¥ ehdp B

e T i A I

pok s B ilin B R R AT § H bl A S F PR pRE T2 DALY

Hihe h- BE LI hxFN A Frew @ity (Alvarez-Blasco et al., 2006)
fo— BRM AR 4 BLEF L (Teedeetal, 2013) A% o fe 57 Mg et |2

FRBOPFIEDN IR PLREEF o RA > - B ARAPE %I (unselected
population) % [aﬂﬁﬂ?g ¢ % L2 45 8 (body mass index, BMI) ok~
Br i EMHrPipESeEIT Ly EF LR (Yildiz et al, 2008) > ¥ -
Bapinent BH 3 e BT 3 LR FRipdkendes~ 5 { § 95 e
¥k I (Yidizetal,2012) » ¥ Mt 7Y Wb s om ¥V - B R et g
EpA# R "L paHEOREE > 2 PR b Rk AL THIH

%&ﬂ#ﬁgtgﬁﬂnpﬁ,lg J;[—:Jd,\g‘?m)7%lv}§|7%}i"? I&f:r;% F&E“%‘”ﬂ
(Lizneva et al., 2016) » o ptdap|se vyt 5 M P L p i HE 75 7 o i F 2
FBoeo ¥ g2 hAFFL Y TR HI) e wrwigppl oA FIRRE M A S
F PR E 2 H g 7 (Caietal., 2014) -

GoErrrkEFH PR N E R DR RN E R GE G IRt

PRESR Y o e fgrg E :Li;l%ﬁ‘;’;;i_)i (Moran etal., 2015) - — 3 & % K& ¥
ERC18 &2 1127 s s BB EEE LK SREM DA (Wang et al,
2011) > FeitchEde SR MR R G ERL Y > P ERL Y - AR TR S
23.1% > Ap 3t AR TR 4y e F ¥ ol Ao s S 13.1% BEF R 1A o
FREEICE s Fa OF_pwoaken d YR K o g ¥ & BERs (41.9% vs.
27.7%) o 3V 1/ gk b2 S F 7 BRI ,&j F& RS 5-10%enk8 £ 0 i A

i fh st P ERE Y LI LER TR RN RET L dok i
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3= 1];% #r3f 24 11— $%  (Nicholson et al., 2010) -
(4) %

SEM LR GEERPCEI DR BT SAEHG 0 NE DR

SANEPE S Ra > SRR EGHAAM O R R R E L FEL AL
PR TEF LA AUFRADFEY SRE A AEHAT L R
EGEERBERGT > FILFIFALFAANAFS B R TREGFELIZED
Brfrio B 2 N 2R o - BRERNDATHF AR EEFE Y
(community-based cross-sectional analysis) # -3 4& & 477 4856 % p it fe & 5 &
Mer K GEa s Y5 T2%RBE AR R A AP HERL I ELETERG
oA MR G 16% 1 m* 2 (P & <0.001) (Johametal., 2015) - ¥ — i ¥ B
i AT 3R AR F Bugp B0 T86 LARYS ET 5 R 1L R i HAE 30
i chys B (Wild etal., 2010) & % 66% 4 e 7 B o 2 > 3 Bp e bk

MR i E AP Y R F g
(5) #H A &

W2 AT o PR REGER R AR R S R R Rt
B g shn ey DB H oL 44 5 5 (Teede et al., 2011; Dokras et al.,
2011; Veltman-Verhulst et al., 2012) » @ &% &8 - 4 3] - & F &35 LT 90
AR B i 4 S RkE ¥ 4 4 (Dokras et al., 2011; Moran et al., 2012)  # %]
Lot p B R B g Ak 2 R 4p b (Cinar et al,
2011) o - BA4TT 28 BAT Y (5 4 2,384 B 5 R ARP S og ¥ L F {2,705
b § R ) enst & A7 3 (metaanalysis) ® o R R 5 B P Sm IRE R F v AL H
PR le ¢ NI g v F14E (Veltman-Verhulst et al.,, 2012) - 2@ » G g % £
e B ARV AR AR PR P R RER L O
?ﬁ—ﬂ% R R R RS R R B HE L i
A op om0 Bon B RET % F1F ah(Meltman-Verhulst et al., 2012) -
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6) REEZ A EHF

1

SERPTLREGHEE L TR GEMIDEE L H g o - BRHL S
A b4 Ry (Roosetal, 2011) » 471 4 F e sFALE ¢+ & 1995 £ 7] 2007

& fY o M 3787 L4 THmAs ke gAY 112 426 100 §
@%iiﬁWiﬁ@ﬁiﬁﬁﬁéﬁ’%%ﬁﬁiiﬁ”iﬁ&ﬁ&éﬁ&&

4

BoR o BE S A (K550 320 &) fodr iR A et S0k ¥
Hom 3 FPRTPLREGEHEAFTLDED L FHREFRFOLGIRBWEE~ -
P B~ o T e Apgar score (<7 & ) B s 3 . FEF T gk g B(Sterling

etal., 2016; Pan et al., 2015; Palomba et al., 2015)> @ ® =i i * 7 H @ 4 $7E 8 &

-\1\

SESRBTERGHE NI - RNB R ML SRR EET @6

BHWE 2 APDR G > 7§ H {2 R o
(7) s FARpEFR

BARS R PLREGHEREF L L A ROTRR G HRENR S
WAP R XA S EA BT o B d PARBIAM DL GF S 2 F L IR
BF o RO BEET PR TLEGRHERET LG LB DR ‘ﬁ’s}‘i'ui%ﬁ
i (Carminaetal., 2014) o G4 @ 225 B PR Jmdpt 5 R IE P R FHE R L
Y B g ch@ 5k & PR 4T i (Christian et al., 2003; Talbott et al., 2004) > # 5 & #% p £
5 & » B ¥ 3 4 (Luque-Ramirez et al., 2007; Lass et al., 2011) - e £iz i & 'g ] 5
L EFFEH T S REPREREHERL L FA RO F 0 MY AT
Tih oo - BEHF Y O AQEE0 F o vk F AR (MAee il R) g2
$ﬁ@%%ﬁ’%ﬁ?iﬁ*i&&ﬁ%%%ﬁ%ﬁﬁﬁﬁﬁgﬁ”i%ﬂﬂ
MELE @2 "HFALAF T ARTLEDPFDS R PR RBERLE
e EMREL G Bk A RaOE L KT AR AR e (Carminaetal,, 2013;
Ramezani et al., 2015; Bairey et al., 2016) > — # ¥ s (AR 3 a3t o7 ¢ > £ )
EHEO/BE A s b D gt e A ROTE Bl S o A R T )
5 o

e

AR ot fEELE R AOPERER TR RT B E Y
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(8) i

SRR A R IR T S-S P AR IR A =
$%¥%ﬁ(%iwil7%%ﬂ?@%ﬁ (N BER SR L R T N
F R 2 E B o H;]z)g'pmm | & & % R 75 14+ (Dumesic et al., 2013) -

(£) Hpii

E TS 3 L EERE SN E TEEE R S
LIPS AFERATIRM B S 0 RF R 2R F o f W i M RO
s g e

(1) s iF§ % & Hyperandrogenism

BRAMFEFREAASFLEDERE? BARLL F iR > e fr g AE-PCOS
o NIH R E e i Z8iE 2 > 0 ¥ U 7 R P LpdEsd L DR
Az - 0 BRBEPEI D FERIMAESLT o B Dd TRET o SRR
gzl F - X R p e K pie iy wmre (thecacell) #ra x> ¥ - L pld %k
IR ’ﬂj‘t (Rosenfield and Ehrmann, 2016)> @ % & 4 “F & Jjx i% % Ilis BRI &2
WS R 0 8 70-80%A4k s Ak p P K i R A s 0 B 4 20-30%
i g iEEEE Lo AT ”ﬁ‘\/’v\ﬂiﬁ ez el g K&
H:]‘u;t Be <3 H:]‘ui B % (adrenocorticotropic hormone, ACTH) =]
goo BOEFIM R YR WA R E F T SRE > AR AT A TR
(zonareticularis) @i 2 & Hfr o @ T4 ij‘u‘;‘rﬁ e Sulfotransferase 2A1 p% % + 12
#-3 3 4L §pr pr (Dehydroepiandrosterone, DHEA) P-:# # 4 5 mipe 2 3 £ 5 fe
(Dehydroepiandrosterone sulfate, DHEA-S) » ]t fk + # jg d i#| £ DHEA-S i#
LS EEYY SR LU ST

et e e Y B R FE YR IR ER AR
9
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PWEARE Lo s R P LR TN o bl g AR YA B
M4k 5 pr % (rate-limiting enzyme) CYP17A1 (17a-hydroxylase) - 4% % 3 . % &
Mok pGHEplarigiefoehi REFH 4 a7 FRT T H
F o SR S R IE R (McAllister et al., 2015) « 5% & 14 & o % Hop
Baogpdianirijgiedfime > V%L Zfra MR TIgA 2 el il %
s bt At 7 (Nestleretal, 1998) - % & 4 °F & Jx 1% % H B f TR Y
2 AR FH Azt Ry - BREFEFARER DT F A EEE SR
#-v (Sex hormone binding globulin, SHBG) & %4 = > ¢ X F| 3% § % 5
R A T kA ERE G A ELOFES T (free testosterone) 3 4e
(Diamanti-Kandarakis and Dunaif, 2012) » " & 48 B 7 s { Se X FIREFE F
flgped 8- NP TR A Blde g s BRE R h AR R

AIHEHBRMAEH D GhB Y > o dp ! 3%y Fap 7 L3 w30

&

BRAVFHGREF 5% AR FRBER S A W A e

[
f
=
<
|
T
fﬂm
AN
vhsn&

TR A ARBEEL - c R R BRMFEFRAL PR 2%
TEMARES MR CCLEAMRE IR B Fa o BEEY

L RS ESETIEE M
(2) "% % % reF Insulin resistance v % § % & & Hyperinsulinemia

W2 HR . S RMLEGHEREREM ORI G 85%E ML L R
LECPRNE b IRt AR S Ao N iR A EALE At
Bk §HARE R (B2 5% & T5%) o @ WOLRIE_§ e 9% 5 R [fueh
ﬁﬁ’Eiiﬁ*iﬁ@ﬁ%&“%ﬁiiﬁ”iﬁ@ﬁﬁ*%ii“ﬁ¥
(Stepto et al., 2013) - iz § © o F WHEA L5 E% § Z <48 (insulin receptor)
THOALBESFIH o A RE LR ER LS e ?  MEKLR
HFHEE > RE%RE ZFLHIO% L & £ 42 7 (insulin receptor substrate 1, IRS1)
5k g Fa(serine)ips it 3 4r > - H 8 T AFPPIBK F T o T 1S B

B Pl gl 0 A B %G F bt e g 2 (Azzizetal., 2016) -

%7%# ECECI NN EA W s B s ke B s e R VI B R FE
10
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FLAfEAG o 2y R e B AR R B AR A R 10% g A B fT o (e 0 4B & (n L
AER A EDFFR RN S & A RIF S A %% (adipokines) o #

BEFILE FohF i~ i BT ot & Brang 2 (Azziz et al., 2016) o % & e

A LR SR L ER R R LS e
B PEiE 6y }w (glucose transporter 4 , GLUT4) » & F T % » @ 3 X 4w ik b
4v 7h B 3% 7+ F]+ (tumor necrosis factor, TNF){f=& fm?z 4 % 6 (interleukin-6, IL-6)

S a1 1R R R e S R A e AL £ Pl AR S R i

“f P$ mF’ Ly &m)??), :h| Eﬁ_\ﬂi;, ‘% —/% F_E'_%L;‘L‘_L :]‘%’—1'13 °

B G RIS RT o SRR GHERLDAAL) F AT H
UEEE RS FE SRR R ET SN R RiE g S E L
BHEIFRE O DI FDTRA RERE S Sk R > FIM R # 9% 5 F [ e

BEMEFEFRETALLLAAM -
(3) i igie 7T £ ¥ Abnormal folliculogenesis

PRpEET RN NE AR f > TR A At A L2 7
Bergpfhz - 0 b B L g 4 53 & 70-90% (Balen et al., 1995) »
ol LT R SE L 0 d 0 B e § L g IR dod S R RISA
FoORPRYAEGY LY L FASE- DIRA MR o HRR Y iR ﬁﬂvﬁﬁﬁ“xé’
%1 32% ke (antral follicle) fe# 3 %%imie (preantral follicle) #<& 3 4 ~ 3 9%
Jeie w7 e (arrest) ~ A jgie (dominant follicle) & :E %4 33 ~ &2 9F ~ P i
g imre (granulosa cell) 2 £ # v B ¥ fvim f 5~ 2 ¥ (Franks et al., 2008;
Chang et al., 2013; Dumesic et al., 2013) - @ # = jgie % 7 B ¥ v Fl w5 »
FowmEd PRk S AR R R R E W

(premature luteinization) - i&m # 3k )gie 4 £ ¢ 1+ (Jonard and Dewailly, 2004) ; »

4)’ A d 3 gee T2 (follicle-stimulating hormone, FSH) 4 & % &_» gt ¢k »
Wi R EfR R E TRGT T TR A R B A

it BiRkpe 2 £ B # (Franks et al., 2008; Jonard and Dewailly, 2004) -

11
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F-Bge2 L2 ¥av g BRELPLs g4 34000 § FAA R TS
(vascular endothelial growth factor, VEGF)Z # #ripie 2 £ frf 44 X & & 0
&+ 2_— (Tamanini and De Ambrogi, 2004) » = ¥ 4 4R £ & “F & 36 B | o i 3
(ovarian hyperstimulation syndrome, OHSS) i3 £ & 4p B (Chen et al,,
2008, 2010)> @ &4 7§ w IR F B S iR E R F dhimie ik (Agrawal etal,
1998a) -~ “r & = (Kamatetal., 1995; Ferrara et al., 2003) fr. 5 (Agrawal etal.,
1998a; 1998b) H VEGF jk R 3ok ¥ Hi 4 » T BHFMT Uiz W 2 P S B P LR
i ¥ & B 9P & AL T (stroma)sha § % AR+ (Peitsidis and Agrawal, 2010) - o
VEGF 12 ¢ » > #icis ffid § 4 & % (angiopoietin) e s & &< 1§’% voaR 2 iE o

Aot b P K R i Hom Beavymier? o) imd 2 £ 7]+ (platelet-derived
growth factor, PDGF)ik & #& < @ angiopoietin 1 sk & #& % (Scotti et al., 2014) > 7%
Moo g A ANE R BERAEEPE I FEP LR ORI AR T

PRSP R o
(4) PRIER M H SR F

‘P 5 Rp ok wre (granulosacell) eh2 B ¥ > » BRI LI R PE i E
ﬁﬁ%ﬁiﬁﬁ—&°ﬁ$”iﬁﬁ%i£@%y@%{ﬁﬁ@%’ﬁ%@ﬁ
PR ARELFRENIEDER ML OF T e RV R L e s
EAeim iy A B E & o & 484 (Huttand Albertini, 2007) > v i § £ T 2
RO oer A s b Pl A% 4 TRE (L 7 (aromatase) HiTF T M-z
% 3 5 epid Z (estrogen) 0 A B hpFiz g A 4 F M IR % (luteinization) >
3 S 3E4 % w2 (granulosa lutein cell) 4 ix < & § %8 % (progesterone): 7]
LR E R FA ,q}u{i NI R o R R AR AR e
H3rerd and Efe e b4 £ & (Fragouli et al., 2014) » :§ 3 = 7 &g 0 %
ERrLEEHBLOTIL NS LA RE I ABEEF AR 5 R
BM¥dwme k- F s~ HA2Pa&m #mpeflEir BEVH 21 F
i R 4 ... % % (Das et al., 2008; Chang and Cook-Andersen, 2013) - 2k @
PR RS RRR DK A B AP S R i oE R
PEAR I o SRl e € X PR E B DR AT AT B ehA 18 AR T

12
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#% (recombinant FSH, rFSH) §jc> B # 5 824337 — 2av Jg & - 424 J0 05
ARG A I E AR B AL S KR TR B D T ne o BTk

FEEen® » BR adp RO feahperdaen g * L HF A HFRY AR

ERCEE LA T St 4%Pii@%ﬁ4i§‘?%ﬁﬁﬁ’ﬂﬁ*
Sdenii L h ] RO 25 (SHME* REE) 2% ek s | Q3 2
Bdioh o 8 A2 05 B kg HEsr o blhe K IR 5 R A

LEZRERTHR ORETFHELRY 2B EARI A EE (Chenetal, 2015;
Hsueh et al., 1994; Wu et al., 2015) » A& — i~ N B % 25 7 € 4223 % # £
PREZREE PSRN AP AT AR A SRR ERHERG A
TR Fr o TR e i}?‘a P BRE R e Bl i 4 TR T

PR B EgArR AU AR RAFRORERELS R PR AP o

W

(5) AFAHH2 P

Panihs PR LEFEE - BAFRD S AFERE 0 4 AT RELS
TR M S L RRHEF RIS ERAREF A ALY
Moo e Vink 3 4 (2008) A 457 £ 1332 Bl P rs s B Y 5 R Ko g
HOL PR RF®E 70% 0 8 k- B faea® A Yk ks oo 5 ik
20-40% - 4 » F 3F 5 AL B D Rp A TRk 0 RS B K Tl A
(linkage analysis) s 3& * 5 &]- 3 e fi-5° chd 24247 3 (associated study) » iz i & 3
FRFFT T RN A D SRR PR RBESE S AT AN 2 poEE
FREBEFFIREFE 0 LA RAB DR o B N AQE- | BFE
AEVRAE DT RS O S R oE I M B R W] 5 BARM R
B o blde BB E R R & S fo 3 M LH, LHR, AR, CYPI7a, SHBG # 7
F] 5 g1k f & A et i Ap B e0 IGF, IGF2, INSR, IRS1 % 3 %] ; 2197 ifoss, § 3
Fe4dp B 59 PPARG, SORBS1, PON1 7k %] 5 & # +4 {3 M e TNFa, PAI-1, IL-6 ;
B iR ’9?,,&'% ¥ i 7 B FST A %1% % (Diamanti-Kandarakis and Piperi,
2005) « Ak B Y AR RET R FF o FULERRBH
EARRE 0 2 R BB A TR PR IR 3 N BRI A7 R

e fek %gﬁ"{ﬁ?,&'%‘ Podeieag S R ‘%’Kgﬁ%ﬁfr 0
13
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A Rl < A > A F ek B 7 (Genome-Wide Association Studies, GWAS)
s BRI AR N F R S R ¥R 28 o 2011 & ¢ R R T R
2 % % Nature genetics #f 7| c— i < A 2 A Fl e BB 7 > S5 fcfk 744 i B E
895 B¥PRE > BERFRT = BHEPHH I L (single nucleotide polymorphism,
SNP) ¥ i & 7 48 B 2p16.3 (rs13405728); 2p21 (rs13429458); 9933.3 (rs2479106)
(Chenetal.,2011) > fe ¥ - BRMWF K LHF e Z FIRETLREGHRL &7
TRtz BEPRHR GRS X G SR F 2 (Lerchbaum et al.,
2011) > 7 A3 R A FBEEORBAFIEET LI R F 4 F LT %

(6) RAFIHIZLEF

T AFREIORET R BRI ERPLEREFEZ G LATNE
(epigenetic regulation) = ¥ iv 5 A hRop Wz - cRAFIRZHTR G A
RAFNEZNOFRT > T RBARA TR N o ¥ LA FIRERIE S I
DNA 7 z it (DNA methylation) ~ % F-9 i & (histone modification) ~ % ¢ & £
% (chromatin remodeling) ~ 2 &% £ = (nuclear architecture rearrangements)
2 2L 475 RNA (non-coding RNA) % % (Kirchner et al., 2013) - p = © Fodg A4 7]
'&ﬂ#ﬁ&&\ﬁzﬁﬁﬁ@%%@@\%i@%iﬁ%i’iﬁﬁ%%ﬁ
(Portela and Esteller, 2010) > @ 42 2L #3478 J M P L i 2 MBI > P = 4p
B2 privde s o 2wt gl 5 R SR R H A A A TG MR 4o

\

1L P AmLF & A GE (Vinketal,2006) 4@ | B 4 5 1k 045 0 i 5
}}%Zir“pz EfRegal 2 Fp s B kgt AT g
b g o 4 T*‘wdizlsfﬂé% £

2. PR EATION IR R RE 8 Biow b F A m L L AR B (Bajuk
Studen et al., 2013) » @ it RTH S P R © GALE TH IO R 1k g
A4z A F)3 420 B ¥ (Johnstone and Baylin, 2010) -

14
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3. pApiE) V- BERHI LARAAKELTEL o EH MWL
EFSFIFREA R FRESERNER T Rk E 2R

(Normanetal., 2002) » @ * A FR& 2 B 4 {7 5 Edoir g & & A e 2 o
to Ed A B FFRYFR R F LTI PP RELTIFE LR
FHgEo AT EA2 S RPPREREHE DA M RETRERS R
R REFEE LG A A RE L BN HE 2 Rk (Abbott et al,
2005) - @ TR e (fHEFFPER) FRAIPEIARHR? PO
L A 2 e A A2 A F1B ¥R ¥ 97 % 5% (Feil and Fraga, 2012) -

SR PLEEHER DNAY A AT

e rmd s Bl RETLEREORFHET L EALA TR
BoooRa i v gk o H D R L R R AR A TR

SR O DNAT A ARMA T ko Xu ® 4 (2011) @ v T A
AF R B AT g Pl A 2 5 R K R 2 FRE N R e
ﬁ%%@ﬁ@%ﬁnﬁﬂDMA"%WmﬁEWQ‘J%¥i$ Qu % 4 (2012)
4%+ PPARG1 (peroxisome proliferator-activated receptor gamma 1) & F]:& {7 ;7 &
fe % % 5 (bisulfite sequencing) ™ 4 +73% 4 717 A it fz efper_ (cytosine) hix 2
A BRI EE-PRYEA > HAFAS L wme &S B (nuclear
receptor) » & m¥e p P AR EE Tl FHREABT M o AT REEFR B B 22
MBI R 5 R s P K R &i » & PPARG1 sc# + (promoter) i %
grrzeper B A B A PREATIART S 2B REET R R R
FHHEIMMAHE Y 2 P AP > 77 b DNA 7 AT anee g kA iy

SRM PR RBRHEAK I RERRANA T
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7 DNA 7 ghit2 ¢ 2bipgg RNA iz SR PR E & - foih
& oo@ 29 x e g A (microRNA, miRNA) ship A~ 5 & 5 o jic | 1
PR - AR RN 2 BRSO AAFEFEOR TR TR
& ch 4 ¢ (Haider etal., 2014) » K,% TRt - B Fielm e P B PRI
» 5 - i 3Frkre B (Farug and Vecchione, 2015) @ H4e @ e st dg ~ ¢hed o] £
(exosome) ~ frH i fiie  (microvesicles) » ¥ 1 v & & fER8% ¢ R Pl P pE
Pt b0 EdEFE C E ok s PRk TR RDR  VEAER B v R

LEE o p 2008 &l PEEPIRALSFRI L 0 o} Ead (e
» TR R & ERIR 18 2 24 4 dp HR#4 i (Moreno-Moya et al., 2014) » HE 5

'*7%

o+
F_&

Eﬂ

A
(i

N

bl

PP R A AR T BT G A MR s R HE G L2
L

%%ﬁwﬁ%ﬁ&;ﬁ{%w%§iiﬁ*iﬁ@ﬁﬁﬁ%%ﬁ’%w{
e 2R R FARDE ) PR AR b o o F o) BpETIRR R R
TEITL R PR R E Y e R 0 Long # 4 (2014) ¥ 1% dko) ipE
Prpids AT B 7 R R E R 0T BEREESL G 0 30 miR-222,
miR-146a, miR-30c iz = ¥ W& ME & FERTTLERERLEF S Tk
H 68 B EETLEGHEREI-68 BHREUREFLYF BERET B
o BwmA Y = B PREPRER  RARFLITRAALT S R
Kogpizz - 4 ﬁ»}iﬂﬁi& i # s (receiver operating characteristic, ROC) & % ™ &
# (area under the curve, AUC) ¥ i 0.852 #%|»c % & 7 45 - Sathyapalan (2015)
IRk RRER T B B bR Edufed - AR 7B k) PopE T pE miR-93
fr MiR-223 > & 25 B % & |+ 9 K g i ¥ II% Bfc 24 B &E&{fclEip PR
St R E SRR BT B PIREPIR A R L R B L
FEREFRE A MRI3frmiR-223 it 5 2475 BB P LR FEHET £ 0k
HP RS AT G LN 06600720 A @RS R LR R
R i) PIPEPIRA L B R Ay d 5 D E R G- BAGHEDEREE
T "R LE- BRI PEREASBE S G OB 8 2 A

fﬂ;ﬁﬂfﬁL ﬂ‘m‘]‘a’ Bzt ood A3 %;’]ﬁ_""ﬁé:}fgn;:‘ FHogehk £y ML A e
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TArAfAF A B> Flpt A H T OF L e Rep A L B T Ao
(1) Ml PP RS § A ol

“ % 60-7096:0 5 P E R GHESEE DIMP 2 B f & e %
hF sk (Azzizetal,2009) o f- BT 5 R LR GHEBR AT g B R
GAE G ¢ 0 I GLUTA (1 & ik § 4 R 2§ 5 8 v ) 2 ME% g 3
SRR EARRE o gt Apd B4 Y o mIR-93 E S GLUTA chid R R
FAPME B PR RN G Rt R L p R ERE > B F 1
B FESTens g ¥ i 245 38 miR-93 ¢ & (Chen et al.,, 2013) - P @ 5

SRMorL pREOY Y Ef e 50 2 ¢ R E S metforminy - fEF F ks
B ¥ 2 AWRROT IRES > A A - LG FAE A T R ML, R
PR @ B SRR R PR s e e T4 T4 el B ¥ 7% »x (Lord
et al., 2003) - metformin 5%~ B AWIFL 7R F LM P@ERROLIRE -
Coleman ¥ 4 % 3k &% = A4 /p s B ot i MiR-221 fr miR-222 2 R & ¥

@ %A metformin jnf 18 0 i Ak PEREOERE 7&&% B EE

\

L@k ¥ £ 2 (Coleman et al., 2013) - m metformin ¥+ 5 & |4 97 &z i ¥ 9 >

TRASELABLBIING 3 P A T4 B3 L AP L gz - o
) PP B ARFR 2

SEMAPEEGEE vEEHBERFE S 2 > (steroidogenesis) e F 3
3 Mo BRI EL o ERE S OB L L (Gilling-Smith et al.,
1994) 7 B4 4§ 30AR LA - Mol PEPER AR T SR T A S
w,;&?uﬁ@ﬁ¢ﬁ%ﬁﬁ%m§ﬁgﬂ’%ﬁﬁﬂ#ﬁ@ﬁ%?%w%
2B MBI o 3F 5 A PRI AR 2B R DA PP 2 R
ﬁ*&Ffﬁﬁﬁﬁwﬁ%ﬁ&i¢ﬁﬁW%ﬁ&ﬁémﬁﬁo@i@%é,
BEFHRBEFFAyHEAF U PERROLREFEARSERFE 5 # xoip
Ml %% om0 dsE R L] PipE P RS (mimics) BF o 7 v it KGN
Rz bk (- FAEE P KR dw g B chim P fR) g E 4 4 (Blandino et al.,

17
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2012) - KGN m% fk fo i 78 MIR-24 $edg 47 2. {6 » Ppic 2 e B F T %% | & 2
fei&7s 7 miR-132 ~ miR-320 ~ miR-520c-3p v MiR-222 % #3547 2 15 > V3
A GBI E R o Y- B BT o ML & R A TR 0 Rl it A RS
x&;ttﬂ;]l,;r% (human chorionic gonadotropin, hCG) %% #t P2 = fe2 {5 > 5 13
A PErREao:REREF 2R - 27 > miR-21 » miR-132 {- miR-212 ¢4
BEABER AR @Ki&;'ttg%;‘;’r% ARG EFIA AT R EREETAG G M
(Fiedler et al., 2008) - # (Science) # 7| # 4 1 ¥ - 354~ 1 B (Hasuwa et al.,
2013) > 4 £ fco) PipE T e MiR-200b fr MiR-429 e+ R4 B4 g P fc7 & o
ﬁ%’E%Pié—ﬁ%%WE%ﬁ+ﬁ%ﬁiﬁﬂﬁw%ﬂ%m’%mﬁﬁ
AR FPEIHFFLIIH AR FRAMASFRAM B2 AL 72
* % g% (LH surge) » ™ % (S or 4 proo F o He ] PEERIRT L AT AR

ERURES S SUEC L S S

EAHATY 0 R ARAE R SRl L E TR
Y oac PipET R 7 4 7 (Sang et al., 2013; Roth et al., 2014) - 22 44 BB ‘e 4p
LA BT RER G RS R e PP RARE IR F L
RBeosk-BFAT A7 < B P@ERRKROERLE (MIR-132>miR-320° miR-24 -
miR-520c-3p > miR-193b » miR-483-5p fr miR-222) » iz 4 miRNA £_d »* 7 i &2
EIEmS AR A~ My Ik (Sangetal., 2013) - miR-132 » miR-320 >
mMiR-520c-3p fr MiR-222 # #4F 2 ¥ 3 &vg - g (estradiol) k& » @ H @ B
FASEMMEER O SEET S B PR (MR-132 v miR-320) & %
PP REGEEEY AR EEFEMN B H AT AFRITEF AT
FIRGLELREFFH o] PERR E9AaRoARE LA P A
e S HHEALT M o ¥ - BT ISR RM LR BRET b Ak P
¥2 & (miR-9> miR-18b > miR-32> miR-34c 4 miR-135a) 4 I & & ¥ + < (Roth
etal, 2014) > 7 = BB PP RERIROAFI A S R L E R Y
ZREHFTELE ZLMAF 2 (insulin receptor substrate 2)  ~ R f§ % & &
v 1 (synaptogamin 1) fru ‘m®z 4 % -8 (interleukin-8) » izt A FIFRARAF & & 5 &

H R TR G M ¢ AR R IRk 4 e
18
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B2 o B EMCLREGHEEEY C ANAREL T MET LR SO R
Prp s 2 R AR A B2 R 0 T R A BT R AT R A A L
4F o MY PIBEPRFRERTORE LRI R B e L - BE
FAERE AP S RE SRR RES - F LA BREDEE
iR AR X2 T kAT S R GEARM 2 2 S s b
ho t RO H e AR YA Y o 0 Ol PP e A TSRS 4 P
WEMAEDALT G RS PEPRAELD SR B 6 (L
BT LR R GEAMN RS T] - B N B

TR N s H 3 A Wk o

COIEE VA8 T3 X8 3 % R R4 ekl g ml

B G B R g TR AR Y A F W TAE T LA K
Bis A Mo wF J Rk o ARFT L 3T e A & G % il B2 (Kosova et
al, 2013) » @ H B ¥ A FZ RAc/RAZAFIAEL TG T A S P g PRI
(Franks etal., 2006) TR 4>d13h o PR > d S0P 7 ¢ g Ie o 2R AL > B
SR P LS W8 T A=k (early developmental origin) 3T 4 ¥t JE 1 3%

4 (King and Perrin, 2014) -

- BiRARIA %Y AR ERRBDS Z AR FEML IS Nt
(induced pluripotent stem cell, iPSC) Hjtr o 3 H 4 # i iz fmre Fglr 38 * F
£ ¥4z A F] (reprogramming gene) 2 448 > M-tz - 5 k4 (immortality) sk &
(Takahashi et al., 2006) » &7 ™1 FF R e oo sl Flfo @4FF - &% KivL - B
P Al ~ ATE B et lmfe F S 2 ehP~ 2 2 % (Brandao et al., 2017; Kumar
etal, 2017) - B e £ A2 2 A FR I H R iFleie > T R 2 LR v T
a7stg £ (Roessler etal., 2014) » # w5 43 5 + EFp 2 Ap S HEE - Kk
Fhehehp @ d BB TR o Ko o FEHL S B i H S dp 2 P
oI RF-RAFAL*HE2 T PP LRRESFRLFEL I A
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e o Yang 4 (2016) % F G £ ALTS F Bbp A R 0 B R i
BOEEAE R A Lmre o B AW S e o T A
Rimie o AR o SRR pREE L F L AR M rmie T

ﬂﬁ%m@%,ﬁﬁﬁﬁﬁw,ﬂﬁﬁﬁgﬁﬁﬁ4@¥ﬁﬁo

% g ihimie # A RO o i A BV A8 R R B m B

P aE R AEd o PRI e g T ot i B K g e 4 2 osg e *7‘;
2B AR 2 - o AR e LA P KR ena & e ad] > A
fripig b e fofr L pie 2+ chil R4 3 e L LA M (Huttetal, 2007) - v
P2 ametlEZafET A2 vegE > a2 RY RAEFE T ¥ R dn R e

# it fo3] & + 3¢ (Fragouli etal., 2014) - 145 L5t 3 > 5 B L9 Sop ix ¥
FRET FRFINREmE AN AR R R ER Y ML R
(Das et al., 2008) ~ ¥timie e Z Tl d ¥B R F BIrS AMEFE 5 2 = e %
(Chang et al., 2013) = X @ » ~ % #cedw 3 H ] * #5852 AR o £ i & B 1
AREOP SRR e > R mie LAY S AR MO ARY 0 B B AE UL 9:11
FETIpA MBS > 2o SR R > T2 g AR TR T AR e
*z (Catteau-Jonard et al., 2008; Kaur et al., 2012; Lan et al., 2015; Nouri et al.,
2016) - ¥ - BEFRE R Ime a0 N FUERREREEBAE 325 (Chen et al.,
2015; Hsueh et al., 1994) s\ 4x a3 E A 4 2 J PP E i H P A kT H
s B 40 e SRR w2 (Wu et al., 2015) o & X B4 {1 e X $F 9P K 3R m e AT

Fab@room A s 2afiiiddrs 2F T2 AT RARE A B
Zo SRk EGEHERLE TSR R AV AT b BERERET R
%ﬁﬁ%ﬁﬁéé’ﬁimﬂﬁﬁﬁ%iﬂ%ﬂﬁ% PRA N 2 RGP AR
BTG P RDE R
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$o 8 mETANEEET RR

FEmtiard s Vi R rR R EEELY R RS
ot AERELAR LB P“B%’%%%&ﬁ%
2 TRh A M AR SR BB G AR AR P T SRR
i

- TR A ER RIERL TS A

ANPEEP - B gL HERN ZEFF DL AN LA KEF A
o AN plew e F D P iRk 2 RIS o 4R A8 AT R SR
FApM 2 Ll ALY o APfod AFFRAGPEFT TRE EF T
BOORAATR) EiF 8% 1 - fis+ 7 QAT WA A 472 LA R &9
i ® (generalized association plots » GAP) » &k & 7 % 2 7 & i ¥ 5 & i
AR o s H o R AP M BI(GAP)E - BR N HMEE vRY TS BN
enft1 B o & AR ¢ (matrix visualization, MV) e & fa 4~ #Hig B iE
wl4e o FE & 58 4 ¥ (hierarchical clustering) ~ k 32 (k-means) fr= (& #f R4 5

7lit (rank-two elliptical seriation) % % > &7 FHEL ST B NFE R L 47 o U

el

A A GIERAFRERAGEN LB (Tt - LA {4 E R
PRI 5 il B B {o i Fendicdp oM T (Chen, 2002; Tien et al.,
2008; Wu et al., 2008, 2010) » 3% 1 £ © 4k % 7 o % 30 2 6 B F 1L F 2 4 3 g o
Fg o dodE A A B st S5 (Hwu et al, 2002) « @ % b e SOp i #4
TREBFIE AR Bl Al LFIF Y s - FEE O AP e e g
GO FEREIRABE M DR EFF > TS EF R STERIFITR AR ¥
Bt AR BN S F - HIRBEE DN S RE ST R AR
FRTHE R GHBRLEFT S e B ER L BB AL RREER LD
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Tohk % Hcfe T R BHE 18 F1 3 o
R R ARG F LS TS 2 AN G

AP enER A FRMCRRERER LD RL S ERfTRY Gl g
AXFINEAR BREHBRELART LG TR 0 i2a Vo FRE e S L
AAATPrEREAN o FINAPRLEE- BRL-HRAY O SHERFER
DAz P RM R EGHRRA R T LR HRES M AR
LEARR R PR e A BB R PRIREREAT RPN L
migz B WEiRERDFEERAEEZEI R o PF P Fie R Tk
24 e gtrbd g FA AT EREN L w i FH o AP H G
fo B A TR RN Sk B A S RS RR S DR FEfHRENLRLT G
BELAR Nz gl g2 3T Ffojgiepd B2 AR F T -

AR K e R BT 5 R SR IR BT s

EORAFDELAMREBEF ]

APPSR R TE R R ERARHEZAGAFIDEE NG M L

B REFFAT o
¥ - 34 DNA Y &

LIPS S G I\ SURE R R RS S Tt &
REHS- BLRALFBADET 0 T AR RR R B QR
e TR FEHEB L BRERE R % B ES SRR
%&W%@fﬁﬁw%m@%ﬁ%iﬁ*%ﬁﬁﬁﬂ%%ﬁ@@ﬁ;ﬁ%@,
AArA F 2 AFARERAFNLZ T L E - Piiie- %1 BEATIAE

RpRE R wed 5 o
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=K

IR A S A e i LSRN AR S VEC N A o S B R
HERHI mLE - Mg FE i > T PEFTA S PR
o ia AR REL LR o GEEI S # i iR e Tl AT auEk
¥ o R R E B GIB e £ et B (B G ki e 7R R L T A B B b eend)
o2 y- B Dl EXFT VITLAY AL we A3 AT F R
RS S L BT VLSS RELLEE TS S R s A A
ZhepEatt THEEI# R L Atz R4k | fo T3 Rafiinre
2 WEDNAT R LRy AP Y ES e S BT LR GER BN
DNA " A B ¥ i £ 7 95 PP LR GHAREIT F7 fa b in
Rl T k- B ARy o

$ oA Mol PR

ot PP s LRA TR A LR - B T H S A
ST el BEA AT 5 R IR SR 0 ) PRI L A MRS A A 4
R Rl PEPRAREIV L LE S RPN g G E O F e
I s TR G A Ml PRPREEE AL LR F e
SOl PR R R SR R o 0 SRR | PR
pe A7 7 IE S metformin is g (£ % § ok T anER A Ay ko SR - H R
P in fOR G fo R bR T A TSR TR o BB SRR 1 A AR A
R RS R e S 0 RO AP M2 4 UL PR S M A e
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- Braayp

-8 Ak idkA B pRIE TS A

Symptom patterns and phenotypic subgrouping of women with polycystic ovary
syndrome: association between endocrine characteristics and metabolic aberrations.
(Huang et al., 2015)

(-) B f %

NPT - BH - ﬂ’g‘i’%&y;‘;c‘ ,uﬁﬂﬁg%lﬁ_ﬁ%q—,rigzr;z , ng ¢ i i 5
SRR RRLR P E R A RBANPLRE T 460 L TRA D
G5 S RP LR GHL AL DA S AR A AN ELF LA S

Wl Ld R - BR AP BRFOLITS 50 1 AN/

|4

PR FROTRAER Bl S S RN E R A F AFEFL R B R

%%ﬁﬁﬁ“?ﬁ%“#m% %?Wﬁi%’ﬁépﬁﬁﬁ

Z AR T AR EY I ARPE (L) B S B (S8
FrmEkE 39t p g g P oHFEI 0 3E), (L RRITIEEER
Boysom (£ Fa% AmER>08ng/ ml) fo/d Tk B 2 iF f 5 28 ¢ 3
LR AeRE (4 e AR Y BB S BRI R TR AP MR B
AP R EY NRARZRF ) ME Q) RFAPGRE L KT T
FRrEAE (20 - Bk hmAQiE 12 3 2-9 F F dhjpie S PR REF{F>10 F
4)“4’¢%ﬁ§iﬁ%\M?ﬁéﬁﬁwﬂﬁﬁﬁﬁﬁﬁ%@$im&m
TrPBEFREF o B R am  "RMAD > BT VREE S AIRT
SO A e R RS PR o 5 S At Lk 5 Ferriman-Gallwey ;24> 8 4

zxa»

AN
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() g

Ty R PR~ ARE ﬁﬂ‘?é_?}iﬁ% Atk & o BRPIE -
oo pE R ELE B op B e é. * % Hp g e ¥ (early follicular
phase) > @ &% > & ” m&;‘fﬁ T EERRTEFRL R o ok
Fhaw R MAERRE S 2ng/ml & & geps ARE R <3 150 pg/ml- R £
TR RS S W R ie B @ g %ng AT -8 8% 25 R aefA
EoR AR e b 15 30 A AN AT R T k- XRIEL FT B
bR kR 0 2 (SRl ek Ak s A80CE Tk ) % o WA
PRI AFRRLELI S 25RE R mizﬁiﬁgi i

BEsz B%) th e 0 3555 QL § 5 L5 2-0mm i e il

RIS A F S (hR

Fh fFH o8 (05xE AXTAXER ) E Pi 44 (Balenetal., 2003; Chen
etal., 2008) - " i & & ¥ 4 F € 4y > 25 kg/m? > ig Bk I ¥ & & & i
£ 2% (WHO Expert Consultation » 2004 ) o % i 3 ih &% 5 T 7| 516 % ¢

203 3 F & L eHg/R (systolic blood pressure, SBP) > 130 mmHg fr/t £+
5k /& (diastolic blood pressure, DBP) > 85 mmHg; 7% *f« # & > 100 mg/dl; %
L= gy "y e (triglyceride, TG ) > 150 mg/dl; % % & %5 ¥-+¢ *% %] b
(high-density lipoprotein, HDL-C) < 50 mg/dl; f=*g$rse L (% > 80 /@ i)
(Tanetal., 2004 ) -

(2) 4 e

s R FARA (mg/dl > ¥ ipl g 5 © 10-800) > s % § & (1U/Mm
iR I 2-140) > Jgie f1pc% (FSH > miU/ml > # 4Rl 4= & : 0.1-120) > & %
flge% (LH > mlU/ml - ¥ 4Rl 4 & 0.1-100) » ¢¢= A% (estradiol - pg/ml >
il 4= B © 20-900) > + %% (progesterone > ng/ml > ¥ ¥ B4 & : 0.2-40) > |+
FE R % &Y (SHBG > nmol/l > # %y%;‘?d%lf] $0.35-200) > g 1 B (p

s i e [ALT o IU/l > ¥ 4 85 ] © 3-500]4c = F* 4 sefis i vzps [AST > U/ -
25
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7 4R R1§E B 0 3-1000] ) fo fg 4k 4y B (7% F A% [total cholesterol - mg/dl 7 4z
iRl 5 B © 25-700] - H3d %5 [TG > mg/dl > ¥ kil § B : 10-1000] » % & A& %
}é%ﬂ%ﬂMA%nwm’?ﬁW%E:%%mfm%%&%}é%%ﬁ
[HDL-C > mg/dl » ¥ & | 4§l : 3-150] ) * - 4oz s p= 3 #rif & (7Rl & (Chenet
al., 2006, 2010, 2012) - %ﬁ-d T8t g % R 22 (Diagnostic Systems Laboratories )
B2 F %% FRe (total testosterone » ng/ml» + &Rl 4 &l : 0.03-14.4) fopipe
4 & % % Ffr (DHEA-S > pg/dl > ¥ & R # ) 0 2.5-800) « & ¥ mpfdpzed i i 5§
ip 1% ( Free androgen index, FAI) [FAI (9% ) = testosterone (ng/ ml) x3.47x100/
SHBG (nmol /1) 3= & Hfk en 2 @gw & (Chenetal.,2007)- £ 5~ M %2
Ny - BT Y A5 37 L2 s R r K op i AL Rt AR
ERToE (BEEHL) 404 (0.12) ng/ml (Chenetal., 2009) - 3% 3% § %
Fe 4= (insulin resistance > IR) ez & & * HOMA-IR = ;¢ [HOMA-IR = (¥ %
# (mg/dl) x0.05551) x5 & % (1U/ml) /22.5]« } i ip 2 e p fo e ¥ 7]
¥R EHLI<L0% -

(2) 5341

APfed PP FRAFPEFTTRELFATR ST EF AR F 2R
&1 B (GAP) & 71 AL E i (MV) fr# B At~ 17 (clustering tree)(Chen,
2002; Tien et al., 2008; Wu et al., 2008, 2010) > * %k jz47 % & 1+ L g iz ¥4 (£
AN iR 2 e o R R B A - BTGB HI T U R S
S BRFY C REE BRI OB B F AR S A
A2 FPRAFRAFE T DEm - AP L0 T Ba e dlicdy @ 46
FREFEEA DR B F B ks e B2 F B
TP RFOS R FBRH B R 2 B ok Bk 2 B n B S g
RE s e Sffed#oafs » B ¥ A BB R KA DT F% 50 AL §
CEEEFOEATREAE L Z MR A ETIEREL R RSB EL D e
7o R{GE® L g nd FHH-F Ryl fos BEEREL T S AT
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LR T AR - PR BRRFIL RS B R EE LS )

fod F2 23 8% o

f

Ay @ % SPSS (3R A 17.0) 27— - H 8 gzt 447 o %,ﬂ,y«,& H s

TR BESE T E (% L standard deviation) 9755 &8 o 1245 A & 4P
MEBl A~ A2 e 3 kel B4R 853 %8 s if
( Analysis of variance, ANOVA ) & (78 70 3205 » ¥ 4§ % g u| I8 2 7

=+ = (chi-square) & 7 £ #f # f& < (Fisher’s exact tests) - § & F]+ % £ # A {74 7
Mzt R X OB pF o B2 Bonferroni j# i (7 E {8 v e 7o AP "MASS" #1t
8 (Venables and Ripley, 2002 ) & {7 & FF B &M 2w & e~ 37 (Two-stage linear
discriminant analysis, LDA )» k& 2_d w B iF T p & 3R £ e e 2.3 &
VLI FTR A Bhp e E 2 B 4 o B IEG % % 8_leave-one-out cross-validation

(Burman, 1989) - #r3 3tz i FE > THE®EF 5 95% (P=0.05)-
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P8 PRt Rl g2 ST 2 P REGBE

Increased platelet factor 4 and aberrant permeability of follicular fluid in PCOS.
(Huang et al., 2019)

() £RFET

T - BRI 0 L2014 % 90 32015 120 2 E 0 B SR F
Pete X R Bl RR TR RGELE TR ML EN A F
FoibIZE B g ehiril o 5 R g i ¥ e ¥T 24945 2003 £ R g R Ao
it o fHR e R R R F AT ,yi_rﬂ%f‘?/gu@}]s,vsg G EE TR
B ARt S B g GE L B 2 F] R TR A e i S 2
B mRPEEE Y o E S R R GE L OE SRR
AREE EQFE G S A RRELRER - BE L SRH ARG
ik (IR L F 2540 2 )0 £ T EHHE HE G A DR AR e
FHlged L F e (Brw o BT 10mm sh §P e 4B 20 3D g K iF
AR ERP SN DY T HEPES (R LE DR EL RS DR
Flo A& e kg e fritRies B e 2z £ (ovarian reserve)
S AR TR BH LR cdek APER LTSN A bt L H R
I fEp 2 ot A4 nRE L R > TR AL TR A G RAR M A L S
Mr S FE KRR B o Tt 0 SR P R TR A e 3R )

S OERI LR TES R R Fnk BT HRE -

(:) #kﬁp.i‘]];‘;i—\ ﬁ\‘l’i:{fﬁ:‘f‘?/ﬁléll’; TI%

EAF - BOpE R engt fr 2 4 1 (controlled ovarian stimulation, COS) 2 4 >
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BB LR AR P PR R 2 P S Rie i o B T e p 2 SV A A

¢ g% 4 2 77 (Leeetal., 2006; Ho et al., 2008; Huang et al., 2012) ¢ #fif 2 &
" fwiﬂﬁu,%r% 2k H 4B % 42 (gonadotripin releasing hormone antagonist,
GnRH antagnoist : cetrorelix acetate® ; Merck-Serono> 2L p R X ) i H P e
ToRAMRE T S A B4 F XL TR E wpie fljE (recombinant
FSH > Gonal-F® ; Merck-Serono > 34 L. p p 3 ) R B B &L chi S5 & &) R
#c2% (highly-purified human menopausal gonadotropin, hp-hMG > Menopur® ;

Ferring Pharmaceuticals » 5 2 p p X ) & 7 £ 7P {1 » AIBFLRIR A2 E 6 =

e & 1-3 2§ SHRERF AT RIRE L RN I3 Fopkd o

THEFRAESFERE > - EHFFINLH A RS Es*:fwi’ifjl;‘;%%% B2 r+ 2 R
ko g A BAS B g 2P 18 E K BF > L5 65001U A L TR
A% (hCGo Ovidrel®; Merck-Serono ) & & #| 3.75mg triptorelin( Decapepty!®:;
Ferring Pharmaceuticals > 33 L p p 3 ) i P 3 s 34 » Bor £ ik 4 34-36
PRI o 5T B ERE TR R DA BB R T AR
BB ARG R B RXRHE TG - BRgge (THEEL 18-20
mm) ?» EigieRk o TEEPARKRAN T AT FALRFTL FARYF LR
AADRE RN R o BFhgieie i 3509 s 5 A 4B K,% L AN

-80°C 7k faib ok e e TS B o

(2) A EHRERPN R e

A g eEE % N & e %2 (human umbilical vein endothelial cells, HUVEC) pp
American Type Culture Collection ( # B8 2 ff W B A )e A 8 E %P A o
e M199 2 & AP B & ;fig%’«zi,j‘%c T20% R A s R dmre 4 R A
“ #| (endothelial cell growth supplement, Intracel - Rockville» MD » £ & ) "*+% >
L-glutamine > + #k % fré&ifii % > & 37°C~95%02 fr 5%CO2 i JB 7 § ¥ £ & ©

BERY A EERERN L me s R A ARE S R o
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(2) ¥ & o5 % 5 1R 2

AgpaERER N R fmfe 5% 5 % Transwell chambers (0.4 pm % 3t Fog

Fifia @i % 5 Costar &4 - MS> 2R) @ 34w il ¥ 44
FH s rERgeR (AR U105 FEREE A 03 mle T ERRE
Sex Iml) > ##k R 5 0.126 uM & Horseradish peroxidase (HRP) 4 &+ (VI-A
4] » 44 kDa ; Sigma-Aldrich » % B &2 W Tk b #7) 7 I EREY O &
ok a2 15%4‘37 it e sV (Essleretal., 1999) » Bl & HRP 4 + #4175 B H & A 3
RN L e it 2 BT ORI R Ak A o B2 (permeability) ot B 50
-{%ﬁﬁﬁﬁﬂmPﬁiﬁwﬂ%l%Wiﬂ—'H?@’ET%WEJiHQLHRP
FOER Kfllzﬂ«&pﬂ]‘%c7 HRP jE & %2t 8 @ 544 o J.ﬁc;‘}%—‘lié 50 ng / ml en

= g M A2 & F]+ (vascular endothelial growth factor, VEGF) 3| °F & Jg iz i
o I B e x s 1009 0 TRt B odp $ i B (relative

permeability) -

(1) €235 frpual

& ‘e 4 #g platelet factor 4 (rhPF4) 3-v (795-P4-025/CF )P p R&D Systems
( Minneapolis » B & grif " » % & ) - Anti-interleukin-8 (anti-IL-8 > sc-8427) »
anti-PF4 ( sc-374195 ) 4r anti-albumin +L %8 ( sc-271605) Pt p Santa Cruz

Biotechnology, Inc. ( Santa Cruz, 4cfl4gk I+ » £ R )

() A% F 2+ F8H F (Human angiogenesis antibody array)
AREa F 4 S FAl & * (Proteome Profiler™ ; R& D Systems) * %4 470k
ERE P e A A ATRAE AT FAMRIE KN (P2 2R
30

doi:10.6342/NTU202000313



kAR U10) 22 P F %R &30 (biotinylated detection antibody
cocktail) 3 g TR & 1/ P e PF* B ig 7 3% B enre ¥773 % (blocking solution)
PRI AL 5 & 8 (array membrane) o 2R (s -8 B2 e k8 AR T B+ 12 2-8°C
FRELIE® o kil o &3 T 4 HRP-conjugated streptavidin i e 1 & ¥ 4
PE R 30 A8 BE ”T duiv B Sk 0 R E A (chemiluminescent detection
reagents) if ¢ T IIUEL 0 U ELARR R AR F B A ok (F WA flAGR LY

B 3 47 B 0 Biopioneer 2 # )0 i ¢ * ImagelJ® program it — # & {7 EL o

(=) &% & 4+ (Enzyme immunoassay, EIA)

ey PF4 -9 ek R 0 §_# * PF4 EIA kit (DPF40 for PF4; R&D
Systems) £ TR E o pt P2t 2 AT F R R s W 5 7.0% 1 11.29% -

(~) REEEfod * & 82 (Immunoprecipitation and Western
blot)

50 447 IL-8 v PF4 2. fF en2 3 1% % » 24 i 34 50Ul g ¢ % 22 Mammalian
Protein Extraction Reagent ( Pierce » Rockford » IL » USA) 2 & » 3 ¥ * 2 IL-8
BFUPFA e T AR Tk 4 o] PF o FR 1S -4 K 4F & # &7 protein A-Sepharose

- ARRGFR o EFEFRMT AF & (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, SDS-PAGE) - 7y 4 FLPFA e IL-8 Fufli#F 4 % it o & B
& 18 55 protein A-Sepharose # it {8 B~ 20ul * i 2 (TR AR i 0 I F Frd
Fov FLREIER o Re R - bk B30 A4 REFH TR 2B T -
oAv it B ¥ Sk PSR B @ M ELA R 0 L % i ik s (Biopioneer Inc.) #
RIBE, T # % Imaged Bl AU ks A 5 E > BB B Fv I A R Ao
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(1) Sskweds F-v  (Filamentous actin, F-actin) & & ¥ & 4 ¢

ARpEREI N R ez 379 paraformaldehyde # =z 20 £ 48 0 & * 0.1%
Triton-X-100 %2 &% - 2R3 %4 PBS (2 U/ ml) ¥ 1o Fluorescence
isothiocyanate-conjugated phalloidin (Invitrogen » =+ f 27 4g > e 45 L & >
FR) AZH?P e rBREFRBL)PFoRET A 10%H W o 2 (8@ % §F okl

//f%(ﬁ (leon’ ﬁ\;ﬁ» ’ E] j\) ﬁ{?-]%]fg\o

(+) s34 H

BEHATY A BIHRIDEF T A EA  ERIT AT S THOELEE
Wy A ood TR AE] 0 APRE T &R B 52 Mann-Whitney U #: % © fT 5 St
PHEKISGEEPE GHERF L 95% (P <0.05) #13 stk wdni w4
17 7 SPSS #c#% (SPSS.Inc.» 2 R Jl@E V5 4B )o
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¥

n

§ RAFP L M Rp B EF T

FZIH2LF-; 5EPPLREHE2 DNAY A3

w

Hyperactive CREB signaling pathway involved in the pathogenesis of polycystic
ovarian syndrome revealed by patient-specific induced pluripotent stem cell modeling.
(Huang et al., 2019)

(L X FrhES A

AP p - < FFROTRAp GRS L foin B AR % LR
&N E e ii:‘@éﬂ’%l‘fn?’"nm,—i A€+ 82014 #6 7 1 2016 # 3 * >
BEE PEMT R EGER 10 PAS R R LEREEHRE
TEE T AR L o R R LEiEEEY 16 Lp kiYW
BB fe £ B (8 e §afm e (B¢ 11 Bop R R AE 70 2 A 714 DNA ©
AT TS B A RWEF T S F T 2 BB 2 L5 R s
EEHBEAL TAR P UBREARAR e R FHER S dr e
To e b¥REY > AP G 8 FRFFIRD FE R PP LR LR
% (ABRARWEF T 2AFMDNAT it ot ¥4 Bp R AER
TE S RBRRE) VG 2 LHREIRLERT AN P NEFFEFLS S
Wi P o SR E R iEE L ETRYE 0 T A9 2003 E 4] R B2
& % (Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group,
2004) c P EFH A APE L @ S BHEF 0 Ao B TG LR 0 T RORA
Ao RGTAEGE S AT A A e T RS TR S o F S AR

= Ferriman-Gallwey =4 > 8 o i § e Rl X 2 414 B ) G (*»
GEWEE 12535 % )y X3 RERFEIEESER - BLETIEE > 4 LG 2 Fren

P\ /):\/:&ﬁ;}% °
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() e & 4 or § It

Bk R B R AR enE e A i ¢ P R e R € ALd B ) kX8 B

@erd o flbp2 pie - WG TR R FLFREAF TR LR

REP AT AREEINTRAF LA LR o n R FEE BN A
R riE o BRULAGAEEVE] EREBFR AL R 47T
FALEFIEFZRE Ao/ i"?]‘gﬁq%"Fl‘slv,gt;éﬂbffr#kﬁpﬂtﬁpi_—u‘
ForARBIRETEIRBEHEALL P ARAR -

RERR AR o RPN e 2 W o p R IBE LEE - B
et or B8 jgcts > 1B BPIgis e POPES gl 20 T 2T A
A ¢ (Huang et al., 2012) i if sife 3 2 R 8 % f: 4 42 (GnRH
antagonist protocol : Cetrotide® » cetrorelix acetate; Merck-Serono = Geneva -
Switzerland ) o f§ 3 2. > £ EF {g I # * L 1 & =2 ke {2 (recombinant
FSH, rFSH » Gonal-F®; Merck-Serono » Geneva » Switzerland ) & 2773 75
IU/ampules FSH 4v LH FE g B Wi A 8 ie 518w %/}r% (hp-hMG >
Menopur®; Ferring Pharmaceuticals > Saint-Prex » Switzerland ) o s #2. [ 4514 » &
123 AR B FFFHREfRERTABA FFI AT PPN - F A
W6 2 Bk B i F) 18mm pFo %3 A& &) 3.75mg triptorelin (Decapeptyl®; Ferring
Pharmaceuticals) » i % 34-36 /] PFi{s % $Bcdr £ jir > £ jiedh Bo2_jmie ik A g )
P flARRIERME P T AT RFEFIE T SR EP o 5L giE
e 12 2000rpm $EiE BT D A 4EendEe o BRI Kopie Y Al ok o B F
-l Re Uk P £ F7RE %Y Dulbecco phosphate-buffered saline ( DPBS; Invitrogen
Life Technologies: MA > USA ) ¢ » & 50% Ficoll-Paque density gradient media ( GE
Healthcare » Waukesha > W1 > USA) + & & » 2% 12 2000rpm #t.s 5 4 48 14 ",éf‘,
F i e c BHFAL IR R G AP Lipk mre ¥O-H H F matrix-coated
gel ( Matrigel; Corning Incorporated » Corning > NY » USA) * 1 & 2-3 = » #-¥

T Lo~ B8ptfeion o o Bofd o O3 R A Y Jodh P KR
e % 33— 95 7 DNA » RNA fod-d F 5B o
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(Z) P # iz 4 Afoh L LI %
(1) &34 K AR % foimre 3 4

B L op A LT LSRR g S ) 2 25 R
ok piEELEir2 £257 FRriEGHERL  PFEARRLE AP AR
FEPEEARY RTR K S P LR e 0 B R SO R
Bi= B 1T A h A p g Feso FEY Adpd L F R AR wre b DMEM ¥
B& o 4vr 10%%: 2 5 F > 22w F 4 AR - Lglutamine - § #k & /48t £
(penicillin/streptomycin) - 4 #g & & G a* e j74 2. FE M 5 2 izlwre > P12
% %7 7 mitomycin C-inactivated mouse embryo fibroblast (MEF) 2 & & #35 % &
# (ReproCELL - Shin-Yokohama - Japan) > 7 4r 7 10ng / ml basic fibroblast

growth factor -
2 PRE-PBHEEFRS# R RmwL

SRM PR G o RE FEM S H iR e £ e L R P
% 2 e 7 (System Biosciences » Palo Alto » CA» USA) - fjm 5 2 » 7 L i
* ECM 830 Square Wave Electroporation System ( BTX » Holliston » MA) i& 7 7
% 34 (electroporation) » #- % #g OCT4 - SOX2 - LIN28 » KLF4 - c-MYC % £ 7] ~
p53shRNA f- miR-302/367 v 54 * 48 (episomal plasmids) # » % = WA K &
AR e ¥ KW RAT G AR weed £ % L gelatin-coated
6-well w32 % & [E 45 + o e % & F (confluency)iE 3| 80%7s » #-im¥e & 374

oA 2

iz 7 mitomycin C-inactivated mouse embryo fibroblast (MEF)z & &# %z 4

=

LR AL L6 7 7 PSGen Reprogramming Supplement =34 & 4 5

it EBEZAEARTFHERER L - - A 3 2257 w2 (embryonic stem

cell, ESC) #mre # M3 A 15-20 % {8 » ¥ ¥ f& 20 =% {5 P~{¥ o Episomal

reprogramming vectors 1% L &_i¢ * SYBR Green qPCR i& {7 iP| 2_e 4k L Hh s % %

24 ¢ (Alkaline phosphatase staining) 4 % i t£#%3c4 (pluripotency markers) 4

£ 4 ¢ R * Complete Antibody = AP staining Kit SAB-KIT-1 ( SBI » System
35
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Biosciences) % it {7 o B3 P58 mPe imP2 ¥ > NTUL (Lan et al., 2013) 4= H9
(Thomson et al., 1998; WiCell, Madison, WI, USA) &4 5 ¢ (T3 B iLHRE

(positive control) -
(3) ¥k dmre & 1L

LA 5 AT B 2 B AR sER m e A 1 P KRR e (Lan et al.,
2013) » Fp AR L Y 4 RFARRE AR EBIEATA P A K SR w2 S E
S irme o AP Lk me o (H R R E M S # iR e BR
A E S R A BB T4 A3 A b oo A5k 88 (embryoid body; EB) -
BFELEMLEDMEM/FI2 B2 2 A% 2% 2% > L EHRE % fl_sﬂ]‘ 4v 1 209%
v FF A s 22w 3 g Ak 0 GlutaMAX e B-5 2k ¢ B8 (B-mercaptoethanol) - 2
x4 ﬁMM#WﬂiﬁﬁlBMMﬁﬁﬁg%gﬂgél%’ﬁﬁT%wB
A e BMPA Y WNT3A frid i 3 A (activin A)z 35 % & ¢ @5 % -

- HFESE > R MNRES TP YR we R A E A
Bimx @ Bt T AT e A T % & £ & ¢ BMP4 e follistatin -

)

() 3% iPSC % it &

(1) ®g* £ iv In vitro differentiation

WALt A BRI HARGHF HRP F k&7 (R&D Systems »
Minneapolis > MN > USA )~ fj 8 3 3> tm*2 & * tm*e & 423&H] (accutase) ~ 4t >
#-H § ot RGF/BME % & Fot v 1 - £ 8 31 Rnrpifias mor sk £ 47
s Ang Iml A AR EF wed £ FS o hwmreid F 509" E S0 0 ¥ A
A RATFRRAEAR - &4 XS c w2 % f Otx2 » Brachyury 4 Sox17

T EE

(2) wPaEg a5 gl 2 (Teratoma formation assay)
36
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#Ix10" BHEP I H N itme R T A TR 6-8 X LAY ] B
(NOD-SCID) en# fdgiz ¥ o f 8-12 F {8 4 =i "5 » #2 ",% ¥
hematoxylin and eosin staining & = yﬁ« Ad AH7 o HHE ) R DR % T

e R E IR EE S R

(T) FEH I NIRRT ITA R me 2 ¥ R %E
(1) %2 DNA > RNA fr3v ¥

spkim?e DNA f= RNA 0% B § i * AllPrep DNA / RNA Mini Kit
( Qiagen - Hilden » Germany ) » # & * Nanodrop ASP-2680 ( ACTGene -
Piscataway > NJ» USA) RIS A Efrd & o v FenF B @ * ¥ 2 5
#z 51 Subcellular Protein Fractionation Kit (Thermo Fisher Scientific » Waltham >
MA > USA): # & * DTX 800 Multimode Detector ( Beckman Coulter » Brea» CA »
USA) Bl & &9 FTAEfodR o

(2) ¥ REREFRYF RIrT ETYFREFREF B

SR L prsasN F e 7 E_@ % GoTagq Green Master Mix % #3:8#|
(Promega > Madison » W1 > USA) - T & T pr R & prsady = 2 2 + Applied
Biosystem TagMan( Thermo Fisher Scientific )zt 1x EvaGreen ##|( P 4755 31014,
Biotium - Fremont- CA>USA)> & i * StepOnePlus Real-Time PCR s %t ( Thermo
Fisher Scientific) & {7 » 47 « R & 4 gl & J*7 * h5l 3 (primer) A 7|4
TagMan #£ 4+ ID 5|3t % - # - GAPDH 1% 3 #_ 1 #8524 (internal control) -

B) AREHRMERI S

#-tmre * PBS ¥ e 496 % B 7 fz (paraformaldehyde) %z 8 T H =z 30 &
4. &% PBSkjigis & PBST ¥ * 0.1%Triton X-100( 0.1% TWEEN 20 in PBS)
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%4 e o 32 ¥ i 4o = Fum(primary antibody) ¢ 3 NANOG ~ OCT4 - SSEA4
i TRA1-60 (SAB-KIT-1) > a4F & 4°C T T ik o #7i¢ * ch- =t 7kl 5 Alexa
Fluor 488 goat anti-rabbit IgG ¢ Alexa Fluor 488 rabbit anti-mouse IgG ( Thermo
Fisher Scientific) > &% 8 T3 % 30 4~ 4% - 2 & * Hoechst 33342 %t & (7 4

§ 1L EEIR fm e 7 o
(4) 5w dmre R A

@ % imie o BEIRR| accumax #-lmir RS H Blerr i T A RS o BRF R
* human Fc receptor inhibitor % fe%7iw?z ¥ & flow cytometry staining buffer
( Affymetrix; Thermo Fisher Scientific) & 7 & g% it o 1 & a— =Xl ¢ 3=

rabbit anti-aromatase (CYP11A1l) PE-conjugated antibody (Bioss, Woburn, MA,
USA) - rabbit anti-AMHR2 488-conjugated antibody (Bioss) > f= mouse anti-FSHR

APC-conjugated antibody (R&D Systems) - 3-v & % 3 & #_i¢ * FACSCalibur /ix
;- fm*e ik (BD Biosciences > Franklin Lakes > NJ » USA) & {7 A4 47 o 2_ {4 P55 1%
AMHR2 4= FSHR /¢ & 2 I8 > kA s it A 1 5 12 % e Hi 5 # o iz lm s

A 2 e S e o 5% 0 A F I DNA T AT AT
(5) F R PFREHER T sk kR AR E

%> 4 p& (aromatase) &M eipl 2 N E 0 & % P EREFImer
o BEFRERAAY Wp-BIER > F X FEHI CAE 3 S o ARl R ehime
FIRIIEMPREREHBENFEEL IS iz il 2 000 % 12 X 0
PR e~ A BER PSR e (HO) frid f B AT BB 2 A A P AR e o
B e 1 AX10° B re [T e R A 0 ¥ A 6-well i i & A FR A 2 & 24
] BE o d F Rl e .i/,’r ‘e 3 50ng/ mL % #H @ (Sigma-Aldrich > St. Louis » MO >
USA)mz & K Y £ 1% 24 i e £ A4 * estradiol enzyme immunoassay

(E1A) kits ( Cayman Chemical » Ann Arbor > M1l > USA) Bl E¥p=- iRk R o

(%) TR B P AL FEE B CDNA KL « ¥R fose s
38
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(hybridization)

APB S A RS e o it 12 R g R iz Tl 2
SRk mre Rpl e > A FIH DNA 7 At & ofmre DNAhA X E # * 05
96SDS 4 200pg/ ml proteinase K i& {7 K-phenol-chloroform extraction - #- DNA jk
B E® 3 50ng /ul 2. ¢ » B~ 500ng genomic DNA * EZ DNA Methylation kit
(Zymo Research » Irvine » CA > USA) i& {7 DNA I sips d @i it (bisulfate
conversion) » £ #- 200ng 5 i & £ fk a @ # it 5 DNA * 3t Infinium
MethylationEPIC BeadChip 4 #7( Illumina- San Diego’ CA - USA )- EPIC BeadChip
& ¥k E 4238 850,000 I CpG =2k ¢ 7 42iF 90% =% — & Illumina Infinium
Methylation450 BeadChip #7i& # 2. CpG =2k » # 3 4v 38 ¢ 350,000 i# CpG 3§
5 =+ (enhancer) %% o #4347 2 H 47 > L & lllumina Hybridization Oven
11 DNA B & fiss-T; Fofie & B 1 9 DNA 453 1000 @ > i 2 % 37°C T 20-24
PE 0 ER 1S #-gh 3 DNA & 4 +7 2 300-600 1 dk A $ e 5 0 L EpRE ok X
€ 373 5 it e DNA {8 0 # capillary flow-through chamber ¥ & {732 & 2 %] &
BeadChip o # lllumina 3 & % @ » 56 48°C 16 | PFerie & 4 F01S > © i fors
#it e DNA ¢4k & 3| & =24 8 (240 50-mers - - 4% ¢ * biotin-ddNTP &

dinitrophenol-ddNTP :& {7 ¥ &k 4 ¢ 1 % * [llumina HiScan ik B & B ¥ k5% & -

(<) 2AFIWMDNA® A & Pl & H4o¥ &

DNA 7 A it & % 2 47 7 3] 0 R 4> #icdp @& *  Illumina GenomeStudio
(v2010.1) &7 & F4dlfere® > ¢ 7 7 ¢ et (color bias correction)fr % #
# % (background adjustment) - % & R 23tk (v.3.1.1) T iE- B ipiF 4
& i& {7 quantile normalization f= B & | M E# 4k o & i CpG = ghyR3+ ¥ 41—
AH ISP E(E A F 0T 1, & DNA T it 42 & € 0% 3 100% ) B &
PEOAS T ARG T Ao AT ARG R L b kA
7, % B CpG imghen? A itiE oM ER AR T AT %%‘i%éli“,% AT LI IR 4
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SR ATEW Gllog2 B oo et BM K R e foRE FE G EFT AN
Z P2 AT eip 4 54 7 0 B E_i® * MetaCore ( Thomson Reuters : New
York> NY > USA )4 Ingenuity Pathway Analysis( IPA > Qiagen > Hilden > Germany ) -

() AFIZREAH

AR SRR e > LTI A T A L &8 * Affymetrix GeneChip Human
Genome Gene 1.0 ST microarray chips (Thermo Fisher Scientific) & * i& 7 & 47 o % B
it 4e™ > & Bk fi5E~ 100ng 2. total RNA & {7 5 44 = 3% 3 47 DNA
(cDNA) > £ # 7 T7 RNA & = ps i3 en3l3 (oligo primer)  H % 3 47 DNA
g4 & it 44 e (biotinylated nucleotides):g 7 3z T i~ ) @ * 3§ K e
2 B¥F L YR 1 Affymetrix® Fluidics Station 450 &% % & (7 Fefe 4 (stained)
i 11 Affymetrix® GeneArray 3000 7 G scanner it (7 # 45 & 4 ¥ k2B 5 H 15 ehA 49
Bl 22 Affymetrix® GeneChip® Command Console® it 8% & # ‘%z 20 85 #c (4% %
(Cell intensity data, CEL files) o #icdy cnik & i (normalization)£_i¢ * 4 = il
= ;% (quantile normalization methods)> A #1# 3 & R )2 R 3% % s Limma & & 4 45 (%
FIE 4 ¥ LR PARSDAFFE » £ 02 Benjamini-Hochberg = j#3- 5 2 P & >

£ IPA T end PR~ 4T o

(1) &> B8z 447

K RM i gpiaFefolRer@ariipomre? b Fi£FT
SR ELE o BB Y 4~ 30 M F-9 F 4 SDS-PAGE A # 1 & £ 3
polyvinylidene difluoride membranes t o H#-4&7F 5B~ 3 0 4 B3 Kk o d2F b
~ 3% BSA (Bovogen - Keilor East » Australia) % Tris-buffered saline TWEEN 20
(Gibco)® # B » ¥ 2 4CTE T - oML W iv* 115X © A %F CREB 424d
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(1:1000; Cell Signaling Technology. Danvers > MA » USA ) 4 %z CBP 48 (1:
1000; R& D Systems ) » 2 4 %7 GAPDH #<48 (1 :5000; R&D Systems) o #-% i
S AR FRETE LT Z fIEY 60 4 4 g4 Bt (donkey anti-mouse
antibody ; R& D Systems) & . X #o # 448 (goat anti-rabbit antibody ; Cell
Signaling ). & * MGIS-21 3¢ & & p* 4~ 47 % . (TOPBIO CO. > New Taipei City >

Taiwan) @ E* £ kBl LB LS o

(+) s34 H

T R RBERBPRZEAHAT R BEET L THOELERER L
Mann-Whitney U 62 * >* 65k 2 £ 8 (il ¥4 > % TRl N TR R
500000 ¢ ird B At e xS0 L AR T B R S 959 (P <0.05) . #f
7 ki3t3t B =i * SPSS version 17 (SPSS, Inc., Chicago, IL, USA) #:48 -
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(\&

»

1y
i\

IR L

2l PR R

2L ER BIFE - R ZET TS5 L3
1?20 ¥R e X ’n_r

t Rl
TR R LR TERE e

SR F i
S SR LA R A
4 P e

,tm

T AT
BRI TR LY
&y
Shp A WFWAPFLE 3
E A

cAL N N IR AR A
i<¢w¢0%¢¢zﬁﬁWi@@ﬁ&ﬁ

= i 7 2+ ene JR metformin (loditon 500mg/tab,
e )EF LR o G R R 4T IR metformin i 0 35§ L g B
NP R X

2 AL q /ﬁ»ﬁ'ﬁ*ﬁﬁ’frﬁ—@’“& vl
o 8T AL fr 1k Bh iF H

¢
<oz )
=

w

’ K%ﬁ\'
mEdem B - &Y 22 AriE
e T T ;}7*

R 75

(7%
&
Il

il

i

I
¢ (metabolic syndrome, MS)
@ it o metformin &£ 5 * p 1000-1500mg > i 5
BEBFE =B
&

El
<l
‘—A"\
)
St

LR
- e L EBmEL ) S ML gL
TR S (AR
R ?Ermlmﬂi R ¢ 12844 {7 - 3= % metformin 7 »xit
meopd B

B~ BF3h g \};'J’\ﬁ/;) f’%ﬂ, o LR L FT 2
L B ©°

Sl E
Bow P ehp B gt ate iR L metformin 7
S

&
T Lt er
S s 2
R RE

‘gk

H_5 0 B IR metformin R »x
22 ET71 =EX metformin g X b B el K
B X p ("’h"%"‘ Fgﬁx\xpé—'&

1) 2. 5
Lap) > 203G ¢

¢ 40 = AR £ metformin ok s B2 1S R R

< metformin j2 % = B ?

ERM AP LIzt H
GO E YR 31 ek
S A g i o1 71 g & B 4 metformin
TR RER O ZEAN P EOERL R AHBRE 2RI AR
fod B BRI R o EHO Aok - R L E o
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(=) BWAEZ & FPpEpp

i GE A $900 IRHEUR 52 % (procoagulant drying tube)qz & Sml ## % o 12
4,000rpm A 10 A 42 A HE ok frdn e £ 5 0 2R 151 12000rpm e 16
b BB LR i"f«i e RY o B F T :Pfc RNA =4 &t » £ * Trizol Reagent i&
7 Jf: denaturization ¥ * Qiagen miRNeasy Mini Kit ( Qiagen > Valencia - CA)
7 RNA T et o gt ob > Z R FHAHIRY ¥ Po4p 2 PHF IZR & 13T

G ST

(2) TR MR EFREF |

TR TR E MY F R A * TagMan MicroRNA Reverse
Transcription Kit ( Life Technologies > Paisley » UK ) > & B F 5358 (7= £4f °
3 (Amplification)Z_i¢ * StepOnePlus PCR % *t (Life Technologies) » £ 12
StepOne software (Life Technologies){f- comparative Ct Method (A CT Method) 4 +7 4%
B S e AP g ER AT A RB AN 2 14 A PpETRL ¢ 4
B b N R #%/T\}}%’ﬁ M= B g 2 (miR-21 > miR-93 » miR-132 »
miR-193 > MiR-221 > miR-222 > miR-223) v ¥ *t = @ ¥ ‘g4t 5 82 o & {oig ™
-4 # i 3 Mook ¥ pET: B (miR-27a > miR-125b > miR-200b » miR-212 >
miR-320a > miR-429 » miR-483) - 13 x| % pE 1% fh e & 211 miR-423 i 5 p

RF- 41 (internal control) o

() Mol PIEPR AR T2 4 TR g A 4o T RETR

Aol PopE PR Be R ch A F) ehsg Bl B % TargetScan A& b #t 4%
(http://www.targetscan.org/vert_72/) & 7 2 47> o) % pE etk ek Flor B 2

]
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4 g3 Pl A2 Panther s+ #ic %8  (http://www.pantherdb.org/geneListAnalysis.do)

AT

() 3t~ H7

P R ERERBRpZEN > $E AT L THEHER B L > 12 Student’s T
test 2477 G FRABEE LR > 2 Chisquare ~ 1575 B RN %18 chZ B > 97
FHE R TIDLEERIE T B R L 959 (P <0.05)° ROC # 4 A 45 81
Rz 7 {7 H 4zt 5 5 * SPSS version 17 (SPSS, Inc., Chicago, IL, USA)

g -
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Symptom patterns and phenotypic subgrouping of women with polycystic ovary
syndrome: association between endocrine characteristics and metabolic aberrations.
(Huang et al., 2015)
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FREDEERSLZERE L BLURER LD AV deT D R L 5E

s

Sl Y et bl G 92496 (425/460) 0 # EALE B GIR E B S RAE K
A% 5 94396 (434/460) 0 A TRA S A ek hE fLiE R YR K 5
80.9% (372/460) » Tk & AL o 4 Mcfod SLILIF | 5 sk i e A vt A o)
% 62.8% (289/460) fr 52.89 (243/460) ¢« ¥ *h 5 i e * 5 gt Lo
37 ¥ > AE-PCOS 4% B NIH B s £00 6 > 4 %] 5 85.9%
(395/460) = 78.39 (360/460) - 5 f1¢r 5y i 3% s % 4o Ede 3 24.7 4
(B L5k AT ERACI3 T 4L &) ot (S F &4 > 25 mg/m?)
i &b o) % 40.29 (185/460) -

At 2 et B (Scales) MR B K 21 B TR & Mz %3 0 & 35 17
BATR A HRHf 4 B A% - R EPME (GAP) #4742 7 4 BI24d
W2 (- ) 46473 AL Wentp B (F- A)- B 460 B & o ##
Lo AR - BIRE AR R R ORE LB i (K- B)o B- A
PR T 21 B YRR A AR IR 2 B chdp B (a BcendziTae s (proximity matrix)
Wikl d £ ApH B  L(22 M) 0 d 275 0(EAH) BFEES
275 -1 (R2EM) Rk 28 @BAA 53 %8 (P A RFoFTH & 3t
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2Rl ) d LR LA EEF T 70 HOMA-IR ~ & & ~ £ 88R] & o 25 95
REE2 B G ez M (fizd ) @ %A%k (HDLC) % foid
PEERE G Y OREARE (2d ) 2% BRAIIY foiry BB AT SR

TRAARM (Fd ) ¥- B3 BDFRA i Mitid (LH) kR L8
BIEE (f42 WL ~BMI- R~ ER) FwAlaf ek GRES )

BE- B Yol 21 BT AR 460 L R F OAREAPHF MiEF
AAT o Tqps e g- HGHUFELR o F - BRIREL-BREE B

P

IR AR AR AER IR EEY SipARE

\

vd BRETEE AL L}F‘s&mz\lﬁ{,n\_‘;*“liﬂm o i d HRATIZHAE
BRF TR EDARAF R TED TR RAAT M TIOE o SRELT
FARFTRN AR AHEBEIERT VHRT P EMPREIFEESOR B ERE > AP
BEFRREMA AT RIpe B A R%E (e Tk FSHY R 81 % LH

Fap et e | % 4p 1% free androgen index (FAI) {rzipt & # % Ffr DHEA-S)
ﬁw%ﬁ’?%&ﬁéﬁw%%Fﬁﬁﬁﬁ’éw%w@mﬁmiﬁﬁﬁﬁs
HMILOEF o ERRML DR L (AT P blde F 1 B hEf AR
B RE R o/ F M R kR (FSHfo/& LHHP B3 5 24 1 2)
ﬁ@@ﬁﬁ%iﬁﬁ@%ﬁ%(Hﬂﬁjmﬁéﬁﬁ)’ﬂaﬁﬁ%a&@&—
Az A R APH R AT S HRBCHR R S L E 0 AT S R AT S P
MEEH T H e AR fprt 2T o 5 4w Rl f AR KRG
shieldtjm i 5 gtk o 4 rm FAI ff F enlc d )0 FIt o e e — A2 o
AT RBTI AR R OATI S BHA L E P BRE o SR A S R
Flird oot BB EHB L2 FLARDEFI R OITRAHEF 2R %F
(Fl- Bc®l=)-

+

2P kP REMMBIA YA N e B EH B LS %H

AR E A R FICATR A E c e B BEH LA NTHERL S L3

e HEBERLF EFAR - ¥4 (Bddic =57) cnT el 7 5

R ERAMERES X2 ERARLPATMAHE Y e NG FIEi

FR T R o 2 B A e B o % 1 (ki = 204) ap st
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s BOSERELR IR T A o £ T AT ek R R B B ien
ATt g R A A eh o B T30 g % 5 & - HOMA-IR ~ o= o4
kR MRS AR R R R -

Bl &1 R EAAMBle B %3 > eRATMASPEFEE I F > U2
BEEAMMABIEEFHFDLEHRERSE - AP FEe? > TSP iEHE
chE 7% 5 1903% (89/460) mw B %2 FhpE 754 HELE (P
<0.0001)° % 1 et ABHEGEEFIREFRH (7% ) » % 2 2icy 4
AT AR GFEEFIRE o gE ¥ 2 gﬂ’ﬁ I M hT e B F A Ok
BRAcrrdpe o i 5dpth RATM S IpiaHEoF FxmRig (2 30%)-

AZHT AR AMMBle BAEEY > RS L RS BBRYTIEE L P
FEFF o frA L LERREFr BIEDEFF - AFLREDOe BFFES
Z 1 (1) = 2> % 37 full-blown phenotype: HA + AO + PCOM; (2) 2- % & 14 %F &
4] non-PCO phenotype: HA + AO; (3) # “F 4] ovulatory phenotype: HA + PCOM,;
(4) 223 2217 § % 3] non-hyperandrogenic phenotype: AO + PCOMe~ d % 3¢ ifi =
R O S RALFEAREEER 2 AR (67.6%) Flt AR
2ARAPRAENP DR ZAPM B BIOEFEY FUET Bt ble a0 % 4
B BF PRI A B HE (AT%) 4 FREE G R bR

SR 24 RA (94.7%)  F 2 H Y g Ewbg et Fal -

=871 REAMMEE B8 AU aRPFE LEREr B33 4
et b e R ERESFEDR 2L 0 F 4 BHEP RS LY 4
G 174 %5 R 2ARAZHH A B 1T 3LTHNG A BRAKL S

HP BT NR BB EEICRAE L I HZIT IR LG (AR

=

Bl kT 2Tk ddcr® AR ZMMBle B REI 6] o 2t
Faogpfow g R E Y 0 % 4 mant GlRE o 20 B 1 B Y B OTRE
PHAIRB AT FEER - Rt ZER B 15mIUMI (P g 2%
Yo H TS BE A s PR 0 95%EH 1w o A HTHBRTI S R
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i #E 7 5 i (T%) -

AT ABEERHEEFFARSF L BEY e B I HLPRTHEEL
P (P=0317) =z B* F L% E (P=0981) 2 FFenp ("X o g ¥ £ 8 (%
2z )o gt b s i — 4 12 two-stage LDA Si¥ics 478 F v BN A Rt B F 5 e
R H R F AT e RATROSPBRE ¥ Bm U IR - AR
FRPEfrEmE s s s 61.8% - 85.7%f- 81.0% -
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Fow PRRERTERALE L ST 24PN R BE

Increased platelet factor 4 and aberrant permeability of follicular fluid in PCOS.
(Huang et al., 2019)

o B Ao A

2014 &3 2015 # > K E0 13 P S R TEREFEELF 1L

SHBEEEE BT ERFE SRR BRAARE T - tHBRELER

ERAL o R F DR AR BRI R YL AT o 3 mnE g LAY
BhHE AR AL B blfrARRE TIHFERR T HFLE - 2 HRE
kK EEHARE 0 FRM R EREEEOE 2R F 0 LR R P2 i

BT S EIEMTZ R0 o SRETEREFEHEY L - Lot ¥ (7/13)

i)

I

PAMe/A AR RRLERE R BT 2P R TR ERELYEAR
AP gt ya g AL FRFARNE frfph g 2R E Y
oA R ERRNTRR B R R TR o 8 R IR R H ST a0
%@“ﬁ%%&m@@%°ﬁ&&ﬁ%%%%%ﬁﬁﬂi’ﬁwgﬁﬁﬁﬁﬁ
G AR e FrEE R I MEER  REPI T 0 2 2
§ - R dA B e 3973 (metaphase 1) BB ~ S HFE LK 0 A B a
ME4l oo

ARERREWRp L2 AR

27O 5 B R e o f R et SR e R R A e i e
B AP 1 HRP A 3 s G ghie b 23 R B R A SRR A

mreeht KIRE (BI ) LRIE HRP &3 5 &P L mwe 3|7 K IR % chik & 1
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PEARHE SN o BRAT 0 r F R LR EE R LR RTRIE I
B e  HRELFY R RFREFER (SRR L RGHE [
11 A 1% 469% +129 > & ¥R e[+ 9 £ ]% 58% +9% » P=0.023) -

AEEEE AR A

APREFT AL FASHEATRERRERY TR AT i FRUE
BERE (B> )e d P T RlF 55 FAds F 4 SApk 3o ¢ o
R 3 - g
g (P =0004: B+ A)e P RIETLREGHFLH DieR? 5 aBEF
BEFAOPFER - BFE- W NUBELEZ%RE DRET I EMECREGRE

S

r & -] 4 F]+ (Platelet factor 4, PF4) %3 2 FE 4 B ¥ £ B

ke ihPFAER B ERE (S EMPERz¥e i 516+143ng/ml>
A 4P e 5 357+38ng/ ml- P=0.013: = B)-

PFA & p L mie il B4

= iE- BB PRFAG N L e il 42 B enF) R BE TR SV A A SE R R
PR Imte Y M rhPRA 4 310 PR B R i Y 0 B IRATRIE B2
PA e BEREFEN (B A)e AR BRI FRI BT higie? F

thPFA 15 p i tme 2 B nim e R BB BFR > (F= B)e @B s~
G PFA T LS B E R GH A F AR ERP L e AT R
-
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JRiE R Y 1 IL-8/PF4 3¢ 4 & WY

ox ATy (Chenetal, 2010) © S#R > PEjpiep 77 & F 24 2 4p
M F]F o b4 IL-8 v VEGF » ¥ MBi4ep L e i B0 > ¥ ¥ 50 P L @R )
B 1 H ORI Y B E & &4 - Dudek ¥ 4 (2003) # 47 4 > PF4 {r IL-8
ZBFRAEMIS » ERPBEFIEEIL8A IR # il o 31T RFiES
P BRI R I R > NP RER e BT R R E R R

%ﬁd ok Uik fod > 5 BEE P 27 PF4A4e IL-8 3-v e 470 % % B or PF4/IL-8

Exa W,E' o %L'H—G"i—‘}fﬁn? i'f‘?ﬁ’f% E’m‘ﬂ’%/}%}/@ i )K—jﬁt 9P F (@ ~
Aeit- hZEKT SR PLpGaHEReRY NIL-8f-PF4 3 E 10K ¥
Bt (B~ B)ed >t imie B 0, & £\ 4 fmie il 15 1 Rl 42k 2 T

i—’%Uﬂﬁéﬁ‘ﬁ%%WWﬂm%%ﬁ’EﬁﬁﬁﬁhﬁrWME¥
rhPF4+rhIL-8> ¢ phalloidin % & L% N Ll e 2w ([ 607) = o 5 % BT o
Fpie i rhIL-8 2 i p A o B chime B I B0 E e 0 2A e thPRA o
rhIL-8 R g g P L mPe B inlwie P BE £ > (B~ C)e H K A 5%
ok 4 e 2 Ap $HE S PRI RP o rhIL-8 514 p L fme chdp i S P S
el P 4 ThPRA R 6 £ = R AP 5427 % (B~ D)o

FLM itk > AP P R ERET 0 A ST R RIERY & PF-4 /[ IL-8
oA LM A S EPLREE e cRERY PF-4/IL-8 v i LR
BMEBHBE 4 s PR4ehg g drillme B A, > F 2 IL-84p %4
M oAEFLT IL-8 BB e BF 75 2 s & o A PN A e A 4 drd)id i BPanit
(B4 )e
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Hyperactive CREB signaling pathway involved in the pathogenesis of polycystic
ovarian syndrome revealed by patient-specific induced pluripotent stem cell modeling.
(Huang et al., 2019)

RRE-BEEESHRmw 2 Aok

B B S G R e RS R H B I LR i ;%gr_i

# F OCT4 - SOX2 - LIN28 » KLF4 {r c-MYC A 7 ﬁﬂi*%?%’ﬁi‘ 18 (origin of
replication/Epstein-Barr virus nuclear antigen-1 (ori/EBNA-1)-based episomal vectors)
T ATHAR © ;‘ $:EF 7 p53shRNA ~ miR302 fr miR367 % H is *f4c F]+ * &k 5
PR € e ip b it TR B ELEHMET c FRPB IS Nz d 2P %D
PER A frse % iE 4Bl S ATT o FEM S H N i me BTN N Bk
A% 20-25 % 2+ A feiEEen s W A [{1A % (small round cells) # £ %
L3 anriiizee R nsee Y (B B)e NP2 25 TER
BHEHLF2 rHBEL ROl ARt wed RS L RFER S
irmie e RE 0 M BRFERT AR AP AL LN By T
Fenm v 73 (INFB1-1 4= INFB3-3 £ %+ & %2> iPFB1- 3 {v iPFB3-1 4€_% % 4 ¢F
SR ) BEA I MATIR P AR TR EN e RFFL I # R
ol A4+ XXk ¥ 4 ¢ M (R - )

BAE- BB RS AL 5N foA LR

AP 4 BeE B EN S N meRE T MR S A T
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(alkaline phosphatase activity) » &P ig 4t 3 F 42 5 # it #7 dmve 2. A & it e 5 50
P(RA ) BAARREI T S RMTTLERE-FEL S S AR
(iIPFB) fr¥dpe -5 H 1 5 # i iz mre (INFB) 398 2.2 § 4 it 1240 M 98 45 7)
+ 73 &> ¢ 3 NANOG - OCT-4 » SSEA-4 {r TRA-1-60 & Flz_ & R(B+ =
MR E e ERL IS it R TSR SR F RS N AT
K 2 F](self-renewal genetic markers)en# 3 > # 3£ DNMT3B » LCK - NANOG -
OCT4 » SOX2 » GDF3 » ¢c-MYC > DPPA5 4w TERT & 2 %] (Bl = ) 4 #gs2 057
etk NTUL * (T ZeanB it - Aee RFEMH S # izore kY » 50
MAAMAFNERE LT REFLE -

PO REIBE A E S MR R (invitro) A 1B - 5 i g
P s nirme EATRERE A S0 (EB) B %977 4 Bmetkion 1,
Ak A gF e PR (B2 A) e B Pe M ERTRATIR A + T AR me
%%&ﬂ%%@’@ﬁ?¢ﬂ$£¢1%%@mmﬁog—ﬁuﬁg&ﬁgﬁ
N e e T AT TSHREZ B iR A TS A Mo 45 b
& % it &3 zinc finger and BTB domain containing 16 (ZBTB16) ; p "2 & 4 it {32
alpha-fetoprotein (AFP) > 12 2 # 52 f & it {3 cadherin 5 (CDH5) (Bl+ 7 B)-

SOREFEM IS NI RPN (invivo) de VR AP R-A L LS
FHPLREREE-FELI A e kol R e-F 1 S # 0 e KL
7] NOD-SCID & % 4 KaBl P >k B i agend S foord = Bork chimee 2) 2 (§)
L) B HE % ¢ KA EFWR I #itirmeeird A2 Wi g Yo T
hsp Koo P sr K fop ik dmre sa g A H e 1L ks Blde s a5 A
§d E A AR S ok L S P g iy H‘ﬁ:s,e_f%h NEER L T g 1od i 2
A% 4 .5 (myxoid connective tissue) ; "2 A oA b A (glandular epithelium) ( @]
L) RIFPILEREEHREDEEL S S iR )R G
WA e RFPREALR  BEREET 2RI EBE - FELS
PRt Ric 2 BHBRE-FEME I H LR e e HE L S kAT S

SR R I S

F
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APkt ite Ao FEMIHRizme QBRI EBLPEREE
Fo2hERE) L-H A ZEF PRI R R R ok o % 0
X (AA) fea %6, 912 X Jchime s N HTL we L F G 2 HA
v IR NAER e p B AL F] 0 ¢ #5 FOXL2 - AMH ~ FSHR ~ LHR » AMHR2 {v
CYP19A (Bl+ = A-F)- FOXL2 » AMH - FSHR - AMHR2 4= CYP19A 14 > &
50X (WABYA) FERMKAZ AL TS AR EDE 6 X 215 >
FLS A AT OCTA ch£ LT % » B 8 3E4 e 4p B A Flend T8 (7 4% k4%
BE (B-- G BARAZIFAMIHKE > JEEPLpE R e Mo
SR mre p A FI AR B HEFALRE (B AG) a > §BMEP L iz
#He2iv3 & AMH ~AMHR2 OCT4 *FSHR fv LHR # L& #.% 12 2 FOXL2 %
P AR AL o A A A PRI e AT IERE R e A M A T eh A TR
BEHETIEPTPEREGEIHBRE 2L AT A FLE - Rn o BHRE

5 PP K g 1 ¥ a0 AMHR2 A %) 4 3R 12 B % i (fold change, FC) % 2.7°LHR
% 1.87 > CYP19Al1 % 11.27 > FOXL2 % 2.4 1+ A F355 & BH 4o k% (R

——L/\)o

EFAPHAHFEL IS e A 23R o s iR LD A pRiE
747 B F R P (¢ 3 CYP19ALl > FSHR = AMHR ) i {77
Nmte RA T ERT S L NG e iR c SRR 0 PR R

HeofcHRlemF R i #aizme drjmd 23 mre » B o it 2x5 L5 ¥
A3 (BlL4 )eto> A4 ps (CYPI9AL) &R Tk A 47154t 34 H
¢ﬁﬁwm%%ﬁiiﬁﬁm%’{@i%%%%m%ﬂéﬁ%%mﬁ4(@
S ) AR A R O TERLE N 00 5 o SRR g B e S A S
AT A A e o i 4 BRI EFRERISHEF R e o ip e
M im0l B ¥ S APIEE R H A > T E AP A maE 2 0 PhiR mie AT A
g mre (H9) (Lan et al., 2013) 12 & j& B~ 9r £ jiFif 425 | ch s & 374 4w 7%

M AFEAREAR - R B fBwe L BFHRY T B
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DNA ¥ i 245851 % |49 &L g i3 ena A $Ep b foif Hid 5
P uitmre A R m e o RER SV HCREB S, B ER L

AP A A ES S iR ee s 2w (A% 12 %) o iEBeer
SR (B2 F AP AR e o B 77 2 A FIM DNA T AL B AT b R
SRELEFEEfHRELTRLF ] DNA T A8 o ng 11 ¢ 5 f
PREGHEEE A CHE RS B Lk e 7 DNA T A a5 (i
Bop R A MR R et AT k- Y )ik 13,326 B LA R eniF &
(1.5% - 13,326 / 866,895) ###1% » § T 853,569 47 4+ % {8 H 247 < 7 3
EP A we il e R 2R SRR CLERE 2 AR
e 77 DNA " it 245 > & 5 3,703 @45 4 (0.49% ) FIBLA & 4d i
¥ T 863,192 BF AT KL AT -

Z 3 e iR (differentially methylated region, DMR) eha & 2.4 7 &
Pr i g H e e B e ot E MELRE <2 25 B A& 7 5 % 9 DNA
PAMARAGCR I FHEFALARE oA LBET AT FEYHEI DA FEZ
% &34 /S 4 45 (enrichment pathway analysis) R #_i# * MetaCore 4 ' #ic 82 {7 o
B A PRSI mie R > R AT2 B AL BT AT (Rp 796 BiELEH)
A PRI G EM S A i A p R me Y RIS T 3682 B A
Bpre AT (kp 10038 BHFEEH) BiFAdr o £ AP A LB A0
AR LD 10 FaOg ERIT - bFER I # iz imd 3wz 2 24T
Voo H g B gl e g mie 28 £ 3¢ (cytoskeletal remodeling) ~ fm e gk ot
(cell adhesion) ~ #¢ & 4 52§ 42 (neurophysiologic processes) -~ % 55#& ¥ (signal
transduction) ~ # 4% (transcription) > f=2¥ ¥ (development) o =0 A “F 5 3f > ‘m
ey RS A o R MR AL BT R A FE -0 jeps C (protein
kinase C > PKC) > ¥-v jcfi= A (protein kinase A > PKA) o 7 it o -3 jfcfix
( phosphatidylinositol-3 kinase > PI3K) > v i £ MetaCore 4 47 #icyg B ¢ 3% §
B e RSP E > Gldex 2 A2 (thromboxane A2)f 55 i# % :4 /5 » CREB 12 85
B g s > 7 AT % f(nociceptin receptor) 3 5L @ Hip s 0§ VR A fem ik | -C
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34 25 (proinsulin C-peptide) i3 5518 3 o § 2% i1t g = A P K3k fm e odf i 4
it imd 3w DNA P A 285 P s fdwmeam 10 & §F &
#E iR CREB 5L ¥igjc » ighpn 7 CREB 3L g i J R 27

Bz 5%
RATPIpM A FRET TR HRE o BLE LR T A AT 27T IPA 447
(24 ) IPASML B P At THILPEL025 A IPALAYT§F ¢ » &4

%fi"?%«’—lﬁi% FERT R LG EARF R LA T APEHET CRE

KMk wie nt R PR RREEoHRE > W R FEN S IR T A
Fwmemd FPR L RREEHRE > s NIRRT AR LEET A AFF
B4/ > & ¥ NRF2-mediated oxidative stress = PPAR / RXR & it -

Bl-+- AZDNA?® AT R MLESI LA A (principal component
analysis) » Bgm I R P g E e foREeEs B DNA 7 AV A4 &
TREEAS (R - A)eR=+- Bl 1156 £ B9 L ARk
;9 & #2 &~ 47 (hierarchical clustering analysis; heatmap ) - Z#8 m % - & /R 2 4p
o At EMRPERREE e LREY ACATNL R HMAET AT
(hypomethylated) (§ ¢ ) -

12 R FER A e A MR e 2 A e 2 e B
P AR a2 @ (Venndiagram) > Ao x5 37T B A BT A AFA
B PR e st e (Bl - C)» ﬁ*‘u{.ié Fo e R R
fritRie g EFT AMLR - 24 e GREEHAFDLFIL > L
Sk e E S H i A 23w B PR R E R A
P00 BAFIHSERE R T A (hypermethylated) 22 ¢ 8 BAFI R R MAE * A
v ALY BAFTP RS- BEART AN - BMEAET AN

Blo - ? P 227 ATRAAFSHF I P2l - #4073
#% (3’ untranslated region, 3’UTR) ~ A #]4% (body) ~ % — @ ¢ &g =+ (1™
Exon) - #F % (5 untranslated region, 3’UTR) ~ & &4 4~ = 2+ 5 200bp
(TSS200, ¥ # #& FiT TSS 1 promotor F &) ~ ## &4 4> = 8 + 5 1500bp

(TSS1500,  # #&ik &t TSS = promotor % % )f- 2 FIF (intergenic) %3 o f =
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A SEfsmie @ o (= TSS200 (TSS & TSS + %5 200nt » P <0.0001) f= 5'UTR (2=
Har® P =0025) hF RTACAFIRRS L GELEPER AR T AL AT
Csvii\" °

AR AR e B R S AR LR Y h

CREB/CBP # % #

BT OREE S A P KSR e > i CREB {- CREB % & #-v (CREB binding
protein, CBP) & fFi&- Hch T TR > X 25 B I AL ThpEHFLF{-4 B
HRXZFAieEes (Bl=*=AfrR=-"+=B)- % ﬁ;'ﬁ_ﬁwiﬁ;:}iﬁ%%ﬁ,&—g A ep
L3l mie g e 2 8 2 CBP kv (P=0.027) b s LK F £
CREB #-v » 2R ¥ it #_7] & :}ﬁa:’}dﬁ”z‘f&_j Lm L EFRFFEALR AR
R AR Ao B - L s o FEM S B i A S mre ¥ CBP

mMRNA £ 3 > & & 3% i'ﬁﬁwifgfni%i‘ég,&‘ﬁ%ﬁ%@r% (Bl=+=C)-
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Mool % pE s B (miR-21> miR-93> miR-132> miR-193> miR-221> miR-222> miR-223 )
o ¥ o= B AR g ee B forg T SR A M il PEER R (MiR-27a
miR-125b » miR-200b » miR-212 > miR-320a > miR-429 » miR-483) - % - = & 7
DI EM R R E RS S8R R RROERMC] PERRIER - Bk
L BEENKRO) PRBERRY 27 AR A RETERERECHRB 22
FOREFERALAR B9 > Al PPl Eﬂlrkiﬁfﬁéma
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B ehpic ) PP 2 A B o3 2 chE R 5 metformin 5 (65 3B I
ALER T p T G F fﬁf}ﬁs BRI CEHS B 0 72 B R R MRAZE
e G o & 2 B or 0 ¥ metformin Ja ok Foocke (n=37) rE i
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LRl Rt MEES T RIEEFALAR A Rt Ak ToER S HE PR

FEAE  CRFF v - B2 PP AR e R AT ial g

S

Rinkd e

FPHv g RE e DE LA B B EL AR b
ﬁﬁﬂ%éﬁ&%#wﬁﬁﬁﬁ%ﬁ%’%aﬁgmiﬁagﬁwﬁwﬂﬁg
FEEHERLRS o by P adgth s RFAELFEFRDORERL F 0
Tiox & Ffkfr DHEA-S )R R 30X F B ¥ £ & « ATH R 6 o " B e
FIAE G AR vt HARGp iR %G FILSRR ~ TR o Py IR
B s AR L G R HEAR R OBR s R @t kT g
g4 20 g iRl metformin e R ¥t 2 AR R SR R F RS A e ok o B
P AT — 95 4 47 metformin 3 osklefr & sie 2 B }»4’%&/]‘ ¥ % e & TSN
AR o &4k w7 > metformin J5F § o2k e dh miR-27a, miR-93 v

MiR-222 X $54 L iE 401 e BT F 1 =

(z) FRlEdze 2

ToHAPRERRLET S EE R PP R A KRS S
AL S g ¥ P BT e R R i Rp o s B 3R AR e ROC o st 47 R 2 SR
el e

Hol BB RAREY S B2 TTRE

BAZEROCY A7 B B M) PpEPI 2 E § PP Lop gL
A FE 3 EFESA > B 5 K7 miR-93 ~ miR-132 ~ miR-222 ~ miR-27a -
mMiR-125b ~ MiR-212 iz = B fc | PiEETi e & BB ROC o 235 Lk ¥ w4
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(bi3-8g ¥ iR 5 ROC & 5™ o #f (area under curve, AUC):1 95%f; if %
>0.5) (% 1) Flt AP A e BHCL PpET RS 2 S RICAL 0 1 5
2 258 Y = log (p/(1-p)) = 0.00148 — 10.8903 * miR-93 + 28.6881 * miR-132 -
48.8523 * miR-222 + 2.4562 * miR-27a + 2.1320 * miR-125b + 18.2793 * miR-
212 o M ERIHCA e BT G f 7 a2 0.959 (95% 3 #F T A 0.924-0.995) » 43t 5
EPE iRl Ep a2 3 T Bl PP B D
ROC # 4t Bl - #f | #2) 7 ROC & S Bl4r M= - T “757 o

ol ¥R BR & AT metformin ez 3 3 9 g o2 TE RIHCT]

FHFAPEE ROC & &4~ 47 B B o] % pE P L % 4 metformin 5 & %
%R FE G REFESAS 0 2% K miR-93 » miR-222 ~ miR-223 » miR-429 & w
B PEPREAREGDROC Y RIBNRBFHENA (L2 ) E-H*pn
B PpE TR 2 FERIBCA] @ F) T 258 Y = log (p/(1-p)) = -1.8255 + 4.1106 *
miR-93 + 18.0284 * miR-222 - 0.1152 * miR-223 + 145.8 * MiR-429 o y* 5§ ip| $-4| c1
WA G ff 5 0.722 (95% 12 4F F [ 0.602-0.841) o o ¥t 5 P g g L K o
Perins BHURAE R BF A BMI BB RE FROG £ M o
R AP R 2 R TR At~ HEA] P 0 AR (5 ROC W SLEE F L ek
oo gt bR T & L 2 o metformin Ja R § oo e x e dn B A 45 7 AT g
Bipfaa? Sl dioh B rafrf e S5 FLRL > Flpt AP Bk
e A e S AE P by 2 D (S IR RIRCR B T AT o T D e D 1S IR R
23 % 1Y = log (p/(1-p)) = -2.0454 + 0.0242 * #4# (%) + 0.0219 * BMI
(kg/m?)+ 0.1168 * B 224+ f $& (0 & 1)-0.00689 * ¥ £k (=) + 3.6416
* MiR-93 + 25.4973 * miR-222 - 0.1253 * miR-223 + 163.0 * miR-429 - & I t 1
BIWCA W ST G 5 0.807 (95% 12 #f % B 5 0.704-0.909) - 82 2R 4c b fk 4 1
et L SRR 2 0 RT R fi G e ARE R a TERIREE A A TRAk
TR AR F i R B FR AR (P ES 0.063)c @ ipe k) PipE
P e B B ROC & R Blfrte & # 15 36 P H°3] h ROC & R Bl 4rBl= L = #fn o
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(= ) metformin & »>c3g B B3] 2 % 3

5 7 Sk metformin B s iRl Al 2 3 osaHo AP L E T ¥V - Bl &
LR GEH LR M A FER RS RRFT Y AR R
Fopc o P ERLAZES B ometformin s 0 BE 2 E 7L L5 EBPER
FH LK ¢ 70 40 L metformin ipf F 22fe 31 Lin moE o A 1T H e
X Jf: * miR-93 » miR-222 ~ miR-223 ~ miR-429 iz w 38 fic-| ¥t padicie » T &
FAERIFEAIR Y o e B PR 2 SRR E AP
% FFRI G p oA gk 40 4 o R ET A BE 314 BEESE R G 70%
ARG 61% BB L 30% > BISPE 29% o @ ke B PipEPIR 2
v TRk A 2 R SRR K3 o FERIG F oot A B 590 TR G E kA
Boi 12 BRATR RS 8% R R 35% L 4% EHEMEE 8%
gz T o e e BERAAR IR 0 FER G G AR A da e > RIEET R 0 RSy
L Rras 35 Dipf Ao o

() Metforminisf= B 7 42 Ton 2 B i HERR S

3 &% metformin Jo R m%—*ﬁiﬂ;ﬁ_ﬂﬁ deiof 2.2 B S ER T Z N
ok EHI M) PR tiEL R T EHRA ) KPP IMTE
Pz s 4ok L = o Metformin isf § »a7s Tt B Fec L e s fo? £
B macE R F 2. o fometformin j5 R & scle > e Rl en 14 fa k] 15 PR B o
]\/%EE L_/r-}%"’“ff'/r%‘wl %%‘2_“‘*‘]” M L—/r-}%‘y PP > PR I fakc |
e e fs RPlende @ IR F L R & 35 1miR-21, miR-93, miR-222, miR-223,
MiR-27a p* i3z B FH®E L P E 30 0.0035 5 7 "M £ T2 21
a7 bR P ERE > ERME005 711 140 4 Gkl R I
@ s metformin B3 § rcic L B 0 his G oot frgoed Bl E
BMI ~ M [ ~ Al ~ % A forfdp et e i 5 g1k 0 dk X metfromin jo % =

7t gRy R E TR Ao metformin ¥t TRk & ftehic g ok B B r A
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N L R RAAM o KA bR ke e s b RER B

\

B
e

metformin /5% = B % 153 B F T " > oo £ 2R & metformin J5 R W (8 0L
FTHFLE NI BRRAE) AL B

B EFAM o

LR SR N U

() B PBPRLIAZAFINZHAGRAELS
(1) $EHrPLRGHE vs. HEE

R¥pd -1 > {3 %L 3 E'!ﬁi'ﬁ"iﬁﬁ%%ﬁ\?%ﬁﬁ@ﬁ o BE G S B
PEPRE D BF OEY » & 3 ' miR-93, miR-132, miR-222, miR-27a,
miR-125b, miR-212 » i %] i\—g » 1 MIR-132 & 5 & B chd BT G ff 0 Flpt A
& - 2 TargetScan 4 ¢ %8 4 +7 MiR-132 el el %] > B E 35 017 474 B ¥
o ik F] > £ v Panther TR E ARz A FiE 7 A F] A 48 A 47 (gene
ontology analysis, GO analysis) & % 4% + ~ » H ¥ Bt 25 L i Z 5 GO 4 2
/= (biological process) ¢ 3= : regulation of nitrogen compound metabolic process,

regulation of primary metabolic process, regulation of macromolecule metabolic
process, regulation of cellular metabolic process, regulation of metabolic process,
regulation of RNA metabolic process, regulation of nucleobase-containing
compound metabolic process, regulation of gene expression, regulation of
macromolecule biosynthetic process, regulation of cellular macromolecule

biosynthetic process (14 + i P 45 384 35 (false discovery rate, FDR) ¢ ™ 1 3
) BT R S #Hoi wmie (N M BT -

AW RT RS S B il PIRER R 2 MIR-27a M2 TR T 1421 BV A

R B0 i 7 GO AT R drd L4 o HATRE L9 L A F 0 GO

[ES

i 5 # 3 :regulation of primary metabolic process, regulation of metabolic
process, regulation of nitrogen compound metabolic process, regulation of
macromolecule metabolic process, regulation of cellular metabolic process, positive
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regulation of cellular process, positive regulation of metabolic process, positive
regulation of macromolecule metabolic process, positive regulation of biological

process, positive regulation of cellular metabolic process (14 F ix Pe 4% 285 5 o

I B, ~F LS F feend RS G e (N Ep BT -
(2) metformin 3 2% v.s. metformin & <

g4 - = 0 #H3% A metformin 3 scic P {frgsans 2 REF v B
Bl PP REL EFENA > B BEY AT 5 f R # & miR-222 > H
TargetScan g ip| 2. L F1 & 504 B > GO A 478 S 4ok - L » H o g o 7
W - k¥ GO 4 i % ¢ 3= tregulation of cellular metabolic process, regulation
of nitrogen compound metabolic process, regulation of macromolecule metabolic
process, regulation of primary metabolic process, regulation of metabolic process,
negative regulation of cellular process, negative regulation of metabolic process,
negative regulation of macromolecule metabolic process, positive regulation of
cellular process, negative regulation of biological process » »# L £ = & % ﬁ $=)

v

B dm R AR BB AT o
Mol AT G MY Z B i) PpEY L 5 miR-93 > H v TargetScan B 2 1%
G F| & 1385 B 0 GO Ak drdk - L — > HerE M B L L & ¥ GO

biological process ¢ 3= : regulation of cellular metabolic process, regulation of

metabolic process, regulation of primary metabolic process, regulation of nitrogen
compound metabolic process, regulation of cellular process, regulation of
macromolecule metabolic process, biological regulation, negative regulation of
cellular process, regulation of cellular biosynthetic process, regulation of

biosynthetic process > # L H #7 R 582 4 Fr g s i dmie (NP E 4 AL A o
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-0 TRAAAASEZAMIELFF L

Symptom patterns and phenotypic subgrouping of women with polycystic ovary
syndrome: association between endocrine characteristics and metabolic aberrations.
(Huang et al., 2015)

BE - &y ? o NPT T - BRI E (R ARApH B
RE AR AT L RTRA L AP L o RAR B B4 AT - B R B LR
A1 Eehm BESRARTL 2 T AL FKM By b B %J Dk % Bl Y o
REARMBAITEL G REDHBRER wnipd > & TR R A a4y
K& TR (Wuetal, 2008) o o 3t 5 f 1 or 8o i Hom & DR & Ak AE
ZREARE R 0 F o BRI A AFERAFAEATERLY  GENT LG
BRI d ok it kecd H Ehspie > £224 £ & ¢ (Orio and Palomba,
2014) -

@i?—ﬁéﬁgﬁiWﬁ&$ﬁﬁﬁﬁ%&&#ﬁﬁiﬁ’%éé&ﬁg
%(Legroetal, 2013) » @ ¥ — & = pERI3E |0 97 g (S BER F R (Azzizetal,
2009) » B+ F AL A b PRALE P P L cfe B SR T AR B 2
2335 # (phenotype A) fet 5 125 & 35 3 (phenotype B) - 4p furt g o

# (phenotype C) fr2t-3 2t is fi 5+ ¥ (phenotype D) g % » H3% §

Fe v (Carmina et al., 2005; Diamanti-Kandarakis and Panidis, 2007; Moghetti et al.,
2013) # A7RR < #E i ¥ (Moran and Teede, 2009; Wild et al., 2010) g {7 5 #
AP s URAFERESE S D BFELF > AT
PRIGHOE TSI EFAR - RF2Z -V s APyl EErLR
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AR R LR TR EHE A (193%) BH B LF b g X i
oL G B LA B4 (33% ~ 47%; Wild et al., 2010) » 4p ##
Mo AT ABEEGH AT FEEPL R M LART L L E Y - BIEE o A
‘ﬁ’$ﬁﬁﬁﬁ%ﬁﬁﬁ%%ﬁ§ﬁ#@éﬂ&’?ﬁﬂ&ﬁ%mﬁﬁﬂﬁw
EpApMIERZF 3 r A RMAR FF S PR GRS ERGRETIT BT

ZESLRE o AR THNFRLRERE FRALELT B SRR

ilﬁmiﬁW%E’Jmpzﬂi ﬁ%iﬁﬁ’ﬁﬁpfuﬁﬁiﬁﬁﬁ
FhE AL LI AR RS 2 - B $ o
ﬁﬁ%”ﬂbﬁézﬁ?ﬁ%ﬁﬁﬁ%%ﬁbjéﬁlﬁngz,%& 5 S 08
BE S EVELF G A RAT OSBRI RS AT R F R B Y - %ﬁ
Foa B LERY A BRORAEE DR E AR o f R KR iR

oo HTR R innj&,* AT P R E R R R o e F e
Fl o pA PR LY AR S iR ke A o M AR A e (FAL
DHEA-S~FSH~LH) 2 & 5% tp kihs v o S& kT o %%’r} 7 e A A
srigfreha s 3 WREEEFRAEFRALRDLR > L A0 BDATH S SR &

higs walgyr i o

FIFLRHT U FEFER LERITRAHE VM ETZ e
LR ERLE RN LIPS L S % & (Kauffman et al., 2002; Lerchbaum et
al., 2012; Barber and Franks, 2013) - & #4275 ¢ » R F 7 £EE H % g b
fod ferre R d s F00% o SRIFPAFRFEE SR RFAFLE F R
(Mannerds etal., 2007) o 4pit 2. ™ » g F % B P E g ip b e o % fuspd
R ES S ek Bropd (GnRH) #rdla e | FRA - 7 R RS G 4
FeR M A F M4 e L (Elkind-Hirsch et al., 1993; Moghetti et al., 1996) - & >
A Phs Y o BRMEEFIOAMAHE NI PM T R G

FERBATMAIEEHE TSI OY 4 oo mY 5 A3 FRRELERE ik
(Free androgen index, FAI) > fe & § g ipsagze b fm f F4p ey - # ($22) 4
ERAPADITMAFRGFEHEEF o T o § R L R iR PR S

BARGAR BB RE LS REFERR  FTRABE FEEFFRE
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% 2fe ¥ 4 BE RN AT S F LHIER B FE e g oh s A
Py Aoy led s A TMASEGEEHOREFFEL 7% EFMOIAPET P o
TR FEF (19%) 22 s vk md e 5 R Lo REay Y WL X
(7.1%6~41.6% % f 1277 & i # & ) (Goverde et al., 2009) - %~ i ¢ B s
FRERET Y o HATHN SR B A - B 5 R R g H R g 7 g
R g ¢ e 1 e dp i (5.2%[182/3470] ) (Lietal., 2010) » Bfom &1 % 1 s £ B2

SRR EE o LA H TR AR AP HRERE G SR
Afept LR FLR LA HET AT - LFERFRE S R OE R
BB AR B OITHR A HR A 0 A AR PEL Y - L] A
(204/460) A~ 5| % 1 e > 0 HEHpm L ORI AR > 3 BT &% 2
RFRIR o ENREEL D LT GRpB R 0 B R R KR DL
Z o APy RBFME LHER (4238 15miU/mI) £ A HiE ko 1 e gp
Mapth - 27 05%:hg LHEAR R F 4 0% Le (e ) FNWE R L o
LH g » v 7 0% 5 B 37RO 4 i 5 i B i R B+ o

O
f.\.\‘z;lwﬁ'F

g%
R

T AR L ORGER ha i o ¢ 4 LH G R AR L A~ LHIFSH v 5 3
fo~ LH PR eR 5 4e ~ 02 LH SRS R ek a0k B e o OBRER G L
PR SR A BRRIE S F F R R T i 9:11,;{% a2
RECRAR G G R g 5 3 o i g eh- 354 (Ehrmann, 2005) o 2 3T R
VETHE R L] B 7 AiZ R B -}F LHER ¥ @ LH/FSH v &2 ~ 3 f 14
PREFEFSLERE o I R Ed v h g LH RRRE > VA g X DF S FlE o
B2 blde s germ e LH surge ~ BMI~ # 3 #7ié * cnfg Sk 28 (Rotterdam ESHRE
I ASRM-Sponsored PCOS Consensus Workshop Group, 2004 ) » 4% & # 3% LH #c iz :<
%o%a,—gpiﬁpfﬁﬁ’@ﬁzﬁﬁump@@ﬁﬁ%wﬂ’LHkﬁﬂ%
BN b Ut e NN - S QRN R 1 ) PN AR B SR S
REHARAT LG
3% LHER & 8 LHIFSH v 5~ p & 5 f 2 9F 55 i 32 U4 3 e
R4 (Kubota, 2013 ) -

AL R -FF o p2006& 2k pAFAEPE

B LH 2B ¥ b R PR R GHEOREIEEY LAEL > R
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FLHRAR S R F 2 L - A5 g a0 §p R REE G FHiL
fEHAFIHERT S 2 LHHGNRH £ &~ ¢ > &x 1 LHA{o% § %k
R2Fenf sphi it (Tayloretal, 1997) - @ - 52— #FR Y - T ¢ AFIE
% (Tosi et al., 2012) - ¥ — B~ 5 B| L 4% 4 Ml fo LH B R 2 BFRIR AP BE
(Pagan et al., 2006; Lawson et al., 2008) - #km » f A ipEawT gy @ > £ K,f 7 BMI e
FHFFELH SRR ASE R FEE TS LB O ML RE DN R Y
B Fr B R S R LH RR P B S AL S LK AT
P SRR

Bt ERE R - AR RS A g R A - BT ETeh
Lghopoeped? B RPE S R LR GHEDREL T AT R DR
B2 AR o @ JE 4 Bt 0 AE-PCOS fR 3 fr Bt sn NIH 2 « 84 324 5
SRR N R PR SR LR Y5 (T R R oAy
SRR AN G BARERE FOR) AT ABHR G 24 (Wild et al,
2010) » #-ipdtdmE-L B H B 5 R PR RS EL B F A AP 0 TR
§A L BR A BRI BE L N o AP pIESE T 0 2 B B RE
AR A SR GHEHEFFRFEFLR o 2ot B PR R hE_
Bt snNIH fo AE-PCOS #2882 € § 384 £ % 3 2 £ 5 f 129 5k i3 4R
AR AR S R g E kR F 19% (17/89) fr 12% (11/89)
Gt B fe BATHR (S BPE 3 o T2t o B B en NIH & % AE-PCOS ¥ #7 k8
FIALTHBL LG A1 P ad&.

=i
i\4

APy - BARUHES LA FEC L EGEHEL LTS HE
o RHEASFH OTRELEOTY > TRER RAPM B4 AT TR T AR M N A
P AR R E R E T AN e ¥ - B EA PR %
VMY AT R ERIARAELN AR FBEORE  AEL R H S R
EEFE A A B A gY & F 43k % (Zhao et al,. 2013) - Legro % 4 (2006)
T BERF AR LTV ESRE L RRER I AL
R AATERGE > s BALAE FREARRN  PRMAR] > R RE

Moo A i Py d o FREEFHENLHEY (T F 2.7% 17/626 &])
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i IR AR FTIS o TS TR RS Pk TR L o T - 0 T AR
o BAPE R R WA R LR FE LY AR AR RS
FAFRRIWS AP LAY o R A BREEY TR Y
FREFRESEF R A7k a(Guo et al, 2012) o gt b o B AT R A
BT SR rLpmEaml S 1w % i'ﬁg"ifﬁf‘%ﬁ'&% &
(Legro et al., 2006; Welt et al., 2006) » ¥ 7 i * oz B R iR & 2 57 (£
A BMIZ2S; 2t A BT BMIZ30) e i (L eRTI S S i (L 4
B1>80cm; 2 4 E>88cm) (Tanetal, 2004) - #45 > %L 25 5 42
By B f e Lo ¥ anfphk & Ao TR A BEELS 0 B pl B ETRE o B

e BT HEAEELR DR DAREL AT

BERFR > ¥ -MAGF LY > APAPF REY PEPLo4T H A
SRR R AT N HE VR G M e B4 edgiR (FSH, LH, FAI
DHEA-S) » # ¥ ik B ige B P A iy i MR > # 5 F1 o $op i3 3 & ¥
AAE EEE S EBICEEY SRR TEe BpospIEAREp T H
BooFABd > o diahe B%FH > 2 L L5 HFap LA - FF
LFHFFRORTRAHENR G SHNAPRAEL 68 R LR B R
&ﬁﬁ&$%%ﬁ@imﬁﬁ*ﬁﬁ¥’§%%ﬂm$HH%WE@LH%E%’

FLABPFUIREDLBG RO AR PRAFR, { 2R ER &
%EB%i%%%ﬁ&g%i&ﬂﬁ@iﬁ;%;@&&R@Hu@ﬁg%LH%
R QT L op B p BERATRAHE YR e P gl BTN
LT PR RfrEFR o4 TEMRBRZERAE c PRM L EGEE-
BEFRABAFRRRZAFL N A RA R SEN PSSR R T 40 fRAT
PR PR M e e B o B R 0K T R B R enE E frin 48 o $ P
Bep AT o 4 BB IR RS TR
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Fow PRRERTERALE L ST 24PN R BE

Increased platelet factor 4 and aberrant permeability of follicular fluid in PCOS.
(Huang et al., 2019)

NPy B 0 R PRERE &F} TR i § FRAPAL PR
CIRERTIRE R el SN WALl W N ;cﬁﬂ g€ i P PR4 4o PF4 [ IL-8 45
EFEREF Y 2l d g2 )’%J%?TF% VO AL R o R g 1R
BA P kipie i qov L lwre il SR dhge g i Lgie pooh PRA 4 3 orilde
0 JEd LT PRA # G T R B R e i B R 0 A e e - %3 4
VIR AT AN L B G D B MR LS A2

fmre 4 LG LR K AR o

PF4 > » # % CXC chemokine ligand 4 (CXCL4)» & - & CXC 4 i 7]+ >

M e g A A IE* @ F 7 (Aidoudi and Bikfalvi, 2010) © #.4- 32 5 PF4 2 & & F
Pilmrz (megakaryocytes) ¢ & & > ¥ fw [ fEARGE T SRS ko Blden F OB
e T ¢ iEae 2 2z (Aidoudi and Bikfalvi, 2010, Eslin et al., 2004) - &
37 % (heparin) 2 & T drd|H Fgn a0 BB S R FILE .E’_f%‘% AR o FRA o
AR RAR S A > P WA E P ¢ 6T % PRA H B Al himie s
etk g 2REH I > bide ! ,%ﬂ’“‘m”e oA SR e (microglia) 0 E e

w2 (macrophages) = T fm% » igdt T2bp | 2 PF4 | 2 B i 3F 5 &
F 7 (Kasper et al, 2010) » @ H # i A7 it 28 4 L P L NG B
(Vandercappellen et al., 2011) - ",éf‘, T g A S ehiER b - W dR 2 4g > PR B
N EE SR TREY L FHRLELIER > bldel Efmied 2 8 27
FOREBE R L E R R RA 2% (Kasper et al., 2010; Vandercappellen
etal., 2011; Gonza'lez et al., 2012) o o =t 2% % e1¥r 5 Jm v i He 48 W % — B 9P e T
Faoks AdE SR PR EE )RR F R 2T A B L
WA S 2 e B B G M dlAc e [ EF T PR ¥ - AT hfE AL
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&ﬁﬁ§%k¢W%+g§ﬁwi@@ﬁﬁﬁ%%ﬁ64?ﬁﬁﬁiiié
(Gonza'lez etal., 2014) - & % & |4 °° & Jr i ¥ & —*‘Ff LI S L o 03 =gl T -3
i 5 3G BAAHE e H % hmve cac g et - E B R 5 (Reactive
oxygen species, ROS) # & # % w2 %% (pro-inflammatory cytokines) > |
4t tumor necrosis factor-o ( TNF-a) v interleukin-6 (IL-6) (Kasper et al., 2011;
Gonza'lezetal.,2014)c @ ¥ - * & PF-4» ¢ SHmF vV UG EE P wwe B o
PF-4 & ¥ 9 & 18 & /£ 12 5 & 5275 % fr TNF-a =22 iF (Kasper et al., 2011) - %]t »
B e R ek o PRAT G20 S8 5 R KR 5 R Rop 8
Raorl b fawm g k- HAF Y 0 A B rie p PRA dha kiR F

SERCE EAE

2

AFEE AR A B AN AR A S RPE L E R F R
daH

ARl N =3 'ﬂzmg'?%f e R AN A dm e il BT PR o BE AR iR
hE 15 iy R T

3

H-Bwiemy o AMPLgepr LEFE G RiipER F2-HRGF -
TR K gl BRART el A e BE A1V R

ﬁﬁwﬂﬁﬁﬁ’&ﬁﬂW$#%W“WEﬁ%@Wiﬁﬁﬁﬁ%?iﬁ%%ﬁ

Ptsen33 2 35 ) BF O ARE AT R ER NI pEF R o Piend £ - BAf
et LAz H P oo 70 F 5 A BAWE S blde D P e S o 3w

g A A o e R A foP LRI E 5 (Rodgers et al., 2010) - i 4 i<
)’%:}ﬁ Mo 2 ABE ot Efes it g X BaR wre 4 £ F]F (fibroblast growth
factor, FGF) 32% 3% & (Priceetal., 2016) o & — £ F7 7 &7 » BRa* e 4 £
Fl+ jEP AL RS onx B FGF-2 7 BUAE P KSR mre e > 0 H k-
T BRIEMFHBFE 5 £ = (Lavranos et al., 1994; Vernon et al., 1994) - PF4 + 11 &
FH eI gl FGF-2 ¥ - Hdrdlp A wre ol % {8 # (Wang et al,
2013) o F]pt > PFA ¥ i i i 82 FGF-2 $54ult g & T Frdlspklmie 7w > & @ 4f
T ke end koo FGF-2 ehfrdls ¥ o BLoBdp o O HBRFE 52 5 T A

mE T FEE O ETIEEEF TR ME DAL RS > o L R REESD
Bk p I 4 S g2~ (Franksetal, 2003) « F]pt o 240 AT § e R i
TPFAE S EPBPREREREY AL ARBSEFA LT DT AP
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P iR éLJ;E,.%_E_.?%‘i B FEFIM > PRFA Frglid F M aniv® ¥ 5 {}”ﬁs’
OB P A v [ gk etid e 4 Abu ¥ 4 SRR IS S B g
. (2015) > ) 45 F]1F 4 % R 48 (platelet factor 4 variant, PF4var) &g ¥ 3 4¢ 7
ARG im e P 4LF -] % F-v  (adherens junction protein) ~ & F A A 4T AL & #F
M 4k % » + (vascular endothelial cadherin, VE-cadherin) 1\7??? B 2 kv (tight
junction protein) & IR > - H F K AR N g i F 2 PR4var fo PF4 A
O oMEAAG =B A ARE PFA 2 R RRRIEFAANDEIFEH L > B
ol R & F dus F 4 2 eh it 0 R & PFAvar cha i E & (Struyf et al,
2004)> F)pt ¥ i PF4 4 §¥ PF4var — $R & 5 MUEAE -9 2 R T Prdllmie i B
Merddk o AR PG T Y o BEF T PFAT LR me B DHEPN L
o ek

BT R~ KAl R R Y N A e il 5 e e i
E‘f”qjﬁv\;’n‘l \-—g"} f,é’i?&ﬁ”hg_@é‘}bl%°

FABGE s AR R F RIge R e A S qlis F PR4A g8
IL-8 2) = F-v FAF &4 o IL-8 H - fs * chu # 4 2 F]F > ¢ BEF bd § 2
G B HIG ek > bde P L e B T e s ¥
(Chenetal., 2008) > @ i 7 3 B A7 IL-8 fr LB AR TIpoE B & F a f
PR EE DY g ER4E LA S (Chenetal, 2010) o g2 1 F 2P ch¥t pe e 4p
o SR LR GHE R S kgie R PRASIL-8 Fd F E S HAREP
LA T > PRA R B0 T o ok p & IL-8 ehg & o A Frdgl 0 IL-8 T
PEEPN L e B enie ¥ o :F 4 Dudek ¥ 4 (2003) T 3 4 1 PR4A A L
BArd & IL-8> I ¥ CD34 +4 sgsd o # w2 ¥ |L-8 4L/ i 4 @ ikt o
@ IL-8 fv VEGF & p 4 w2 + VEGF £ % &35 ¢ < 3| PF4 enfrd] > i2 @
& VEGF #73f ¥ enp L fwre 3 4 & $Fr4] (Gengrinovitch et al., 1995) - @ PF4 4+
Hiw g4 3% frd| i VR APL ey F4 ZERpEp LG

BAAfernmm 17 g % Fipkmead £23 -

AT g 2 A w7y et (Agrawal et al., 2002; Artini et al., 2009) & 7
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VEGF el @ 5 s g4 S iphlchdd FTRARPLFHEFLE > 75 PR G
PRETLERFEY RARRE o - AV R LHRE D REES
oo AP R E R TR Bl R e R F T AP R . A

PEFERFLAIAPRRE LSRR LS g4 A2 BT EY
cFp APy Y SR e e R B R H FSH kA

B R SR BB LA HF AL FALL - Ka 0 k

RSN

*

Agrawal ¥ 4 (2002)=F= 3 ¢ > F R P Sop r L F T AR F S g A
P end i (26.924.5 v.s. 13.242.3 > p = 0.001) - @ % Artini & £ = 7 (2009)
VoG EREnrI R ERG AR S R E PR eB e g
BEF B TR e (37#8 vs. 14455 p <0.001) - iz /A 3 ¥ it ¥ .51 7 PR
PN VEGF ER G P i # i 2 Berjphiid > @ 3 — 2 8 871 VEGF &2 § § {2 9p
SR GHEAERZFOPHE > AR e frHREL Bhr Lo a ¥
P Xy 2 R0 PEA AR RE{fcHRE > B Bl R G
WEEPESREPREREOLE  FI I L ER F DL F 2R R
Z IR Ae 5 P S I HOR R B hdp B R

Ra Py vy - Lo g APy KA Y @
A GEEREIRN L e Y RWERBIEPN A wrr il B 2R B AP R
Speak R BETR o AR g N o) Lo BEV XD ARG
Wl s AN PR HRES > BRZRIET S AL E
TN PFA B ¥ 2 mlihied X2 BenF S M a o BRI L HampEy
KBGF - HIX jped Y ERETTZB > T A LEBIREER > & F A
B R ERfrpE P HEEATRE- BRERT O EAAHPETY 0B
U E B ST Bfr £ et Bl chih il i PR TN e g (LS e
AW {433 3 35 P PFL ) o FIAPSE L EEF NS F A S M R
0oRT e 2 SR e o ¥ 0 A PR AL TR EES

Pl BT 2 22k a2k §BPPLREPN PR Ao 2 iE
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PeofEfeRE LR EHAPIFET AL E AL E2 Cerrillo % 4
(2011) erF@ g dpdh > § @ % hCG 17 3 A3 £ P B4 pF > Jgie p 0 VEGF ik
BRABEFRS > T 3Ed 5 OHSS ehh "4k ik ¥ & cnfaff » L s o 3 I02
A PFA kR PFA A REZ RHAFETEL 2 BFopl i FiE- H &
TR -

Bagz o APOEpRET & BP0 PRA ST LRI L BigE G 47
AP A ES o BATA T RF A BMI fefr il 0 SR LR
HoERREA o Pl jpiEiR? PRA SR R{rE iz p A lmr il B
BMEFAR > A EBRLEM AT R ERPLRERDI L Ao/ EBF o
@—ﬁw?%@ﬁGEWiﬁﬁﬁﬂ’W4ﬁr—ﬁi§i$}ém81@m
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i

G L fEr > T BT PFA i S48 7 i £5 8 IL-8 chib i i & ok o it
BEFERET SRR CPLRRHERBPE DT - EATIER 22 FAPYH
WL R REENE g R S fogie 2 R D ¥ PR ARG L&A

iR AP BFERL SR R F PFA ALK 4 ciREE S e o B e
MmN Ao E B T sl S BER T AR L ST BB
;%ﬁgpi/%ﬁ'fii\'ﬁ;ﬁaﬂl?i%\'@ﬁi# Vidapid i rRgEEay
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n

Hyperactive CREB signaling pathway involved in the pathogenesis of polycystic
ovarian syndrome revealed by patient-specific induced pluripotent stem cell modeling.
(Huang et al., 2019)
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R R L bldoid 2 3F 5B AR TR T AR E BT MR R %

+

ARl S R LR R EORFEREAT LS EEA S O Y M
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FRek R H NG R OB LRFPE > AR IrTRAT L G B
PHE DD AR WM i auE 2 e o APRa Bere sl o 51T
WIS FE B D R e A A TR 0 de S HONAF R A R/ DR B B AR (early

developmental origin) > #% &7 - BT OFFRIT o

AE AR L A it FEM I M i iTA PR e Y T F S
AR LR e g M e at A0 o NP T B R AT 0 VRS P
EiEFEHRE o EE i #airme o B S i {os HER R P L
£ BRI A E R F 2 EFM R Rl - EARR T kA G
EHTPLEGREHLFLAFN S H R e T d i LAk te e o P EOTH R
Moo S BN R e il 2 F R AT AR ERE 0 45 0 AMH s AMHR2 4r
FSHR - iF 2 mv;’%“ﬂ';#ﬂ AR - R O T s A R W R Ko B EP
op L B (8 el e iR ¢ ST B 2 3R e e > 1 AMH 4o AMHR2 sk ) 4 SLAT ¥ 5
teo Femied £ B ¥ 3 M (Pellatt et al., 2007; Pierre et al., 2017) o g #t ¥ — & =
%%ﬁ%ﬁ*Wi%#m%ﬂ’iiﬁWiﬁ&ﬁ@@meR%m%%%ﬁ
(Catteau-Jonard et al., 2008) » 4+ - ZF R~ S£IZfE 7 A f F P L g FHEZ 3w
e ¥+ FSH freniB & F 1t (Coffleretal., 2003) ot #F @5 — B3 B G 1>
kp SR REERYAEEL S PR T 2w P BB
#imrz 4p B AL %] (AMHR2 ~ LHR = CYP19Al) ch#& & » A& it % 6 3| % 12

B AR (B N ) R A TR RE S T BT g iF
’”ﬁi Bens Aapietmed g > ol A BB CL g RELE O Y L A
Foimre fod A Jpfimie ¢ 0 KU 3k m e 4p ftk_rﬂf;w?% - R 3 2R T
SAET S RBCLRRESDE T ARG 0 TN OREAFLREY
7 e AU e ) B e v i AP A R mi‘ﬁﬁikl; 30 2R S T ST NET
BB BT e o 2 d 3 A2 FEM S IR e e AT
HAERF - APy L
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F2OFETHER LSRR E R G HE LY Dok el b R
ek F?’%Jﬁiff CEET S AR R B ST A F & 60% 4 1 (Vinket al., 2006) - iF
45 3 3 v i R R (familial clustering) & 5 b $ B3k 3~ cn A FIM B 24T 7
WREEDE I RM LR R ELHBAIORAT] A G W EF R
oo m i BB > T e b AT 7 (genome-wide association studies - GWAS) ¢
FRUBEBEFE S OFRIT RS R CEEREAM S AL B
(Shi et al., 2012; Day et al., 2015; Hayes et al., 2015) > » &5t 2§22 F s ficeid @ b

G mE AR S R R R i EORA R il @5 o A2 A )3 4 (epigenetics)
ARG ABEAD 2R 5 ADNA RS2 e iRT v i Bl FI AR -
RAFIAI S RF ST HET 22 FARER ﬁrsmﬂ)}%t&ﬁ (Kirchner et al.,
2013) > de A B 0 A G 5 ek (Portela et al., 2010) - A 8 R B 0 oRT
P F R ¢ % 27 B P e o % % (Drong et al., 2012; Kirchner et al.,
2013) © ATHUR A T P 5 AT A FIAIRAP M o 0 & S B LR R
R R - R & 4207 DNA %8 i % 22 ng 8 @17 sc g2 (flexibility)
fod fs % L (dynamic)> P PHRF X D F TR RENUE N2 BESHFTHRER

it 72 3 (Drong et al., 2012; Kirchner et al., 2013; Liet al., 2016) - &2 3 57 # @
FHIEETREGHEEY I FERO2AFMDNAT AT s IR
% (Xuetal., 2010; Shen et al., 2013) » #5 %% . 5 (Kokosar et al., 2016) fr@r i i k%
(Yuetal,2015) » &% &1 % & 47 5 g 5 ¥ ﬁ foehipk B G IR DNA T A
CEMBY o d DNAT AL AREF e fra Sl PGP BER
B2 - RO ZEENEREF RSN A RFATRY T A R DNAT AL
2 PHLBEPYAMEARTR DMR) Wi & LT 2L F 93 koo F
POREEEP b Rk R ERARA Y 0 B AT ekE AT 1T 4 i
Zoehdg AL F1 iy X S

AP P A A SRR e o H S M iR e AT A R R A (T T
2AFIMDNA P B A4t B E T RA s oA A B e cha fr i R
,—,Z*-Ez;}iaﬁ‘—mg o AN PP Y @Y - B 2 A DNA 7 A& 2 -lllumina
850K Infinium MethylationEPIC & % & {7 p] » B fp# Fi&E 7 L [llumina
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450K ® A ivst 7 ¢ R & 3Ly ¢k 413,745 B #7 CpG = g-(Moran et al., 2016) » £_F
FEAFHEDNAT Ay AT BB TR ESAITI R - cFH RS H
Rv BF fm P AT T A Rk dw e e d) I eAp B k> ¥ AR D2 g Hp e T
Rip- BAZ D e gy YRINET A A TRl B g o M At
(Devine et al., 2017) > @ = A #F S 3w #e S R ¥ 00 o i B TF 2 18 chiat
Wps B> BEF AR e o FIE 5 # e iTd 2 3k e o
DNA 7 ZLit 47 A g s b § f 1 or g i3 3 c0d @I 8P R 2 71 8
Ri# it HCREBUL Bifip /s - ie— 0 d > R B2 {e TR LR 5 R%3E
FRET T SR PR RGEH AN AR e o F1 F # it ee A 2R

e 51 LR 4 e CBP 39 fr mRNA -

R I i&ﬁ;gk;}i? » CREB % H X [ &1t 15 (coactivator) 3 3%

R (B]4cCBP)» et & i B2 200l (ol F Mo ) ¥ w1 Mt d
¢ (Altarejosetal., 2011) - #Xm > & A F = ;’%ﬁi CREB . 4 @ ¥4 T ensd A& 5
FHPREEEG PARM o i3 - B R Y FIM > CREB v i B A
LR g i - ) R IE T e (theca-interstitial cell) 3§ 4 > 1 £ R F k
Bihi % AR 2 BE i B (Restucciaetal., 2012) 0 gt o i 2 ks
GARL B AR Y ORF S AL B HR T ¢ 2T CREB eh® iy ¢ HEipie
B e £ 5] LH/WCG il 14 2 " AMBEfo b in 5 4 2 ehiv? > 7
i g Prd] CREB #E ki 3ldrd] % (Towns et al., 2005; Restuccia et al.,
2012) - 22 95 4 A+ e 4p 2t > CBP &fﬂl}'ﬂ“ﬁ PR E FR I EFEY P % ¥ GnRH
hF Rt et T a4 245 % £ % (Milleretal., 2012) - @ CREB B /=4 £_¢F &
SER w2 B4 R R (T B L B (Laietal, 2014) > 4 ABE > i
4 % 7 4F 2 4p &1 metformin ¥t FSH 3£ % 2. CREB 7# i {r> 3 ﬁﬁﬁ%‘_% B2E G drglen

i#* (Riceetal., 2013)> @ &+ ¥ 15 metformin 3 5 f P L g G #H L 3 &

h

B e S A iR — o 5F L Vb BB Y /I%mp" 2% »CREB 2 j& e 1475
CoRFaRE I RRECLERE Ol BIORE RN s LB, R
Fos MR RE F R SR S LH B e R iR X o d 0

SRR R GHL T BRL T P REE 0 LA P A oA & P
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(Khalaf et al., 2010) « @ & A= ¢ > 3 @8 5 B 490 8o i3 3 4 4 3 im e
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BRI AR R LR R S R R B R S R
BWHCIPEPRARESRETFHEF 2P - SR PBERR AT A A4
(GO analysis) * &7 & § F 4% S o fop R G5 M o oL o] PPk
PR AR el W R Ao s EOR O - R VA A A e N N
B ¥ aIERRGe o 2t oh > metformin £ 4R G fe d S B IL R Hk k0 B oskde
mred w2 B g A R FRF LR o 5 C BRI LS g
TS R SR i H S N AR HEA] 0 538 miR-93 ~ miR-132 -
miR-222 ~ miR-27a » miR-125b ~ miR-212 &= B ] Pi@ i B E o 3

| 4

SFEFATFE PR ERERE LU ARG DIRML > AL
metformin J s ehIFRIHCT] >+ B ¥ - BB R EF Y REA Lk > JRd
TRhdpthfer Bl PP R ARE > VORI ERIEF LT R
% metformin jaF 16 > DI PH GLE 0 GE L oanee Lo VTR o (R 0%

R EFERT BEFFP -

BRI LERHEE P EL Y AREHF RS O] PP e
3 miR-93, miR-132, miR-221, miR-223, miR-27a, miR-212> @ % L& & ¥ i M
% MiR-222 fv miR-320a > 7 + 2 B FHEE L P B> 005> F 0§ £ iz
Pig » HRP~ Bt eniZ & 2 585 Pty gk n > RIZ L8P ES 0.0035:
e ez BFEARALREFNATERF DM PFEAEF miR-93 - miR-132 fr
miR-27a > MiR-93 %3 ¢ F #cE & S BB PR R GHEHAM Y > ¢ 2 &
SEMTEEGERLDFET EF AR o Wu R 4 (2014)8 2 7 5 e &
ﬁ@ﬁ%&ﬁ%%m%%m%%ﬁéﬁﬂmﬁ%’ﬁmRQB%m%ﬁQ%ﬂ
glucose transporter isoform 4 (GLUT4) ek F1 4 3 » T & @ prd] 0 o & Sk
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fimre € % LA F R E £ 9 miR-93 > miR-93 ¢ i i Fr4] CDKNIA & )3 ise
SR B 4 frim e R > AL g 4 € e mIR-93 AFRlnreinid R
(Jiang et al., 2015) > # & miR-93 &% § Z FEfife?F & S fm e cnixt iy 394 i £
Rhdom - BEROFLL B R MR NERE hFULF LT N
& 5 4P g i ¥ 2 # ¥ (Sathyapalan et al., 2015) » # B H F 54 BT (5
5072 BAPETEENEIND0T4 AT BLE AT RMEPLRER
%zﬁ«‘ﬁml REREEHBREEEFI R > A3 FRRE *:Fizmzﬂ“;rs»ﬁ - &k
Bh o LW MROBL;ARBLEEPH oA ¥ - B AL B PIRR
metformin  »x =3 ¢ > miR-93 » 2 3 & ¥ ch#F Wi 4 0 & metformin /5% ¥
M perad B K E GEBLY O mRO3 i Rk ARABFRS AR
mMiR-93 # I & metformin ;2% 7 E PR g HEITmr FEM G LIP3 P o>
REHEEFOLRPLARIEL FHEAY - RPER KRB EFF mR-93 & S
PPk g EREREEFPM OB T EFE- B R TS DT

o s IR 0 H 2 BRI LIS KRBT

@43+Q%T%@9%ﬁﬁ%%%ﬁ@%ﬁ?%ﬂ’%mﬁ%GmHﬂ
Jcts 0 miR-132 e ja B ¥ 8 4c (Yuen et al., 2009) - & & - # ~ & HEMWF %
7R 0 Pl MIR-132 hAA FIA GRS - GNRH fljcA 2 5 FSH kR B F T %
(Lannes et al., 2015) > & o= &t miR-132 & FSH 7 f 5 cha AL I HFEL L 4
do BmiEd LR ARM Y L R A RER e P R LR R E RO
M D EEFE- BT R 2 A% AT BB F 0 mIR-132
SPFEFEEE AR > BB RIRY 0 RALI L BRE  BRH
B~ 2 R o B R S B B miR-182 B B G B i iR F
A A EHF 2% G & AT B (Malmetal, 2016) 0 & s B R L G R
L B G gy PSRRI R R GEEMRE BT RS- A
MiIRNA-132 e i B M4 £ 3k 81 & izl o

MiR-27a i3 § SHMFL B P L FHAB/BFRE 5 2 <3 B (Sirotkin et al.,
2009) > i~ ] BEAE T S fo] BA oF fF 5 AR 0 e F % P AR r > miR-27a

WER ARG R PRI R e S TR F A R TR o gt b E
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57§ ag miR-27a shi R (Wang et al., 2017) » @ & § f 1P K e i 3 £
e S g Y o RIF RS R R R RF R F O miR27Ta ARE B
Ber s Nk imie P 39REF 2 (Wangetal., 2018) » 22 i A 5 R K 1%

HRH F]_\‘.L R BB F ALK A DA A - R

%1wﬁéiﬁWi&&ﬁ%%%Qiﬁﬁ%+ﬁ%ﬁ&%ﬁ’ﬁﬁﬂ”
#0 metformin i 9P 3 safef e 2 B i ] ¥ EE P R & A5 o metformin
- %G AR SRR AR RE SR L L R
Fuz fighk o 4 E > S A mUE Y R T B IR & (Journal of Clinical Endocrinology
and Metabolism) # =] } 2 % 7 - B 7 > & metformin # 14 5 sz L e e
PR Bwop BT R sty ox (Yang et al, 2018) 0 35T 8
Porded B G sk A 5 metforminis i F 3B Y N MAZES X p P
Dy R LSS & AT BEAPF o metformincd F MR RiEER
HRPE D G ey ald ) 5 509 o 434p L W e 4p 31 0 metformin &4 &
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grdgor o TR AL e ARG A i R iR E L F 0 4% metformin
e F 5026k F A B IR BT a L DRk Rk fhEed o TR R S L o
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7P BRI o R4 L B R E M o A i1 ROC W A4 9 | 15 pE 4 i ¥
¥ metformin J »c g% 4 hd BT G A 0 BIF 45 9 miR-93, miR-222, miR-223,
MiR-429 F B F w4 o H P Fuilie @4 mE miR-429 & Bk ] PipEi e o
WA KRG gL dp N miR-420 BT A B Ry w e hd £ ek < Ap B
(Shen et al., 2019)> #k @ 7 £t <P 2 30 7 i 4p B e~ ;F*J% Bl §_2013 & % { Science
- B &7 (Hasuwa et al., 2013) » &2 77 f-] B fg™ L4+ 12 4 B 5
MiR-429 e+ £ £ > - £ Pk 7 MiR-429 nA F1# A+ | e LH 2 & % 54r
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Fro MR- WY o B2 0 BN PETRT VTSR FE BRI
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oI R F N 4 e PR EL 0 @ 45 1 miR-132, miR-27a, miR-222, miR-93 »
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M-

PR gh e e B B0 @ 3% regulation of cellular metabolic process, regulation
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compound metabolic process, % 7 2 e PipETIER & F B LR KR i FH B D
RFBFWET o LB FH e BB PR e ® o @ NI BAp M Rk A
FAEL AN AR R g R R ATRUR B e b g gt Y Ap R A
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Symptom patterns and phenotypic subgrouping of women with polycystic ovary
syndrome: association between endocrine characteristics and metabolic aberrations.
(Huang et al., 2015)
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Increased platelet factor 4 and aberrant permeability of follicular fluid in PCOS.
(Huang et al., 2019)
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Hyperactive CREB signaling pathway involved in the pathogenesis of polycystic
ovarian syndrome revealed by patient-specific induced pluripotent stem cell modeling.
(Huang et al., 2019)
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£ 2% #%H &> f§ i (summary)

INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the most common endocrine
disorders, affecting 5%-10% of reproductive age women (Diamanti-Kandarakis et al.,
1999; Asuncio’n et al., 2000; Azziz et al., 2004). The characteristic features of PCOS
include clinical and/or biochemical hyperandrogenism (HA), chronic anovulation (AO),
and polycystic ovaries morphology (PCOM) on ultrasound. One of the most commonly
used diagnostic criteria, the Rotterdam criteria, requires the presence of at least two of
the above features (Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop
Group, 2004). Therefore implementation of Rotterdam criteria resulted in four different
phenotypic subgroups (full-blown phenotype: HA + AO + PCOM; non-PCO phenotype:
HA + AO; non-hyperandrogenic phenotype: AO + PCOM; ovulatory phenotype: HA +
PCOM) and this further increased the diversity and heterogeneity of the PCOS
population.

Meanwhile, there is abundant evidence suggesting that PCOS not only presents
with hormonal abnormalities, but it is also strongly associated with metabolic
aberrations, including dyslipidemia, insulin resistance (IR), abdominal obesity, type 1l
diabetes mellitus (T2DM), and hypertension (HTN) (Chen et al., 2007; Moran et al.,
2010; Diamanti-Kandarakis and Dunaif, 2012; Wild et al., 2012). However which
phenotypic subgroup of Rotterdam criteria best correlates women with PCOS and
women at risk for metabolic syndrome (MS) is an ongoing debate. While some studies
showed that HA might predict an increased risk of metabolic aberrations (Shroff et al.,
2007; Chae et al., 2008), others revealed that there was no significant difference in the
prevalence of MS between different phenotypic subgroups (Hassa et al., 2006;
Kauffman et al., 2008; Wijeyaratne et al., 2011; Li et al., 2013; Hosseinpanah et al.,
2014). Besides, other hormones such as dehydroepiandrosterone sulfate (DHEA-S) and
luteinizing hormone (LH) level had also been proposed to be correlated to the metabolic
presentations of PCOS in separate studies (Chen et al., 2006; Lawson et al., 2008;
Lerchbaum et al., 2012). Therefore it is important to evaluate the patients individually
with composite endocrine characteristics, instead of evaluating the testosterone level
alone.

In the first part of our study we applied a powerful and innovated graphical
approach, generalized association plots (GAP), to identify the symptom patterns and
phenotypic clustering in women with PCOS. GAP is an innovated computer software
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environment that implemented many traditional statistical tools, including matrix
visualization (MV) and various clustering algorithms (e.g., hierarchical clustering,
k-means, and rank-two elliptical seriation) for interactive exploration of data matrices. It
can simultaneously explore the data structure and relationships between up to thousands
of subjects and variables before any presumed statistical modeling (Chen, 2002; Tien et
al., 2008; Wu et al., 2008, 2010). This tool had been successfully applied in the studies
of other complex and heterogeneous disorders, such as the symptom structure of
Schizophrenia (Hwu et al., 2009). The aim of this study was to determine the potential
endocrine characteristics related to risk and severity of metabolic disturbances. We also
attempted to cluster the patients according to their endocrine characteristics regarding
the related risk of MS.

Chronic anovulation is one of the most prominent and bothersome symptoms
affecting the young PCOS population, with an estimated prevalence of at least
70%-90% (Balen et al., 1995). The impact of menstrual irregularity is even more
significant in women of Asian ethnicity, in whom the prevalence of hirsutism and
obesity are less frequent (Zhao et al., 2013). The related pathophysiologic abnormalities,
such as increased preantral follicle number, mid-antral follicular arrest, failure of
selection of the dominant follicle and ovulation, and abnormal survival and
steroidogenesis of granulosa-thecal cells, have all been well-described (Franks et al.,
2008; Chang et al., 2013; Dumesic et al., 2013). Premature luteinization resulting from
overexpression of luteinizing hormone (LH) receptors in granulosa cells and inadequate
secretion of gonadotropins have been proposed to cause arrest of follicular development
(Jonard and Dewailly, 2004). Moreover, both hyperinsulinemia and hyperandrogenemia
might disturb the responsiveness toward gonadotropins and steroidogenesis of
granulosa-thecal cells, which could further cause follicular arrest (Franks S 2008;
Jonard and Dewailly, 2004).

Another possible explanation for the abnormal follicular development in PCOS
is dysregulated ovarian angiogenesis. Vascular endothelial growth factor (VEGF), one
of the most important angiogenic proteins mediating the physiologic processes of
follicular development, ovulation, corpus luteum formation (Tamanini and De Ambrogi,
2004), and the pathologic process of ovarian hyperstimulation syndrome (OHSS) (Chen
et al., 2008, 2010), has been shown to be significantly increased in the follicular fluid
(FF) (Agrawal et al., 1998a), ovarian tissues (Kamat et al., 1995; Ferrara et al., 2003),
and serum (Agrawal et al., 1998a; 1998b) of PCOS patients. This finding might
partially explain the intense vascularity in the ovarian stroma and the abnormal growth
of theca interna, which are characteristics of polycystic ovaries (Peitsidis and Agrawal,
2010). In addition to VEGF, other angiogenesis-related proteins, such as platelet-derived

growth factor (PDGF) and angiopoietins, have also been observed to be differentially
97

doi:10.6342/NTU202000313



expressed in the FF of PCOS patients compared with healthy controls (Scotti et al.,
2014). A wide range of angiogenic and angiostatic proteins have been discovered;
however, a thorough investigation regarding their roles in PCOS is lacking.

These angiogenesis-related proteins are not only essential in angiogenesis,
during which new blood vessels grow from the pre-existing vasculature, but are also
key regulators of vascular permeability by which the plasma and its solutes cross the
vascular barrier (Nagy et al., 2008; Bates, 2010). A change in the relative permeability
of the follicular wall might influence the formation of FF and follicular antrum, which
are both important processes in folliculogenesis, but are rarely investigated (Rodgers et
al., 2010), especially in PCOS research.

Therefore, in the second part of our study, we conducted a case-control study to
elucidate the modulating effects of FF on endothelial cell permeability. Then, a
comprehensive analysis of intrafollicular proteins which might be involved in the
permeability and/or angiogenesis processes was performed. This is the first study to
examine whether or not and how the FF from PCOS patients influences the endothelial
cell permeability, which might be involved in the pathophysiology of abnormal
folliculogenesis.

Although a number of pathophysiologic explanations have been proposed
(Baskind and Balen 2016; Huang et al., 2019; Moran et al., 2010), such as a
dysregulated hypothalamus-pituitary-ovary (HPO) axis, hyperandrogenism (HA), and
insulin resistance, no single etiology can completely explain the full spectrum of this
complex disease and the underlying mechanisms remain unclear. Although the clinical
symptoms of PCOS usually manifest after maturation of the HPO axis during puberty,
numerous clinical and experimental studies have supported that this disease has a strong
genetic basis (Kosova and Urbanek, 2013) and its pathogenic genetic expression and/or
epigenetic regulation may develop starting in early intra-uterine life (Franks et al.,
2006). However, the theory regarding the early developmental origin of PCOS is
difficult to confirm due to ethical and legal problems in embryonic research (King and
Perrin, 2014).

A possible resolution for the ethical and legal disputes in embryonic experiments
is using induced pluripotent stem cell (iPSC) technology. iPSC uses vectors to transform
a cell to a state of immortality (Takahashi and Yamanaka, 2006). This could preserve
the genetic and inherited nature of the original cell and be used as a method of disease
modeling, drug discovery, and potential cell replacement therapy (Brandao et al., 2017;
Kumar et al., 2017). Reprogramming of somatic cells to iPSCs resets their identity to an

embryonic stage (Roessler et al.,, 2014) and could provide valuable pathogenic
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information on the early development of adult-onset diseases. However, challenges
remain with the technique and only one study has successfully established
PCOS-specific iPSCs. Yang et al. produced PCOS-specific iPSCs from epithelial cells
in the urine using retroviral transduction with defined reprogramming factors and
differentiated them into adipogenic cells (Yang et al., 2016). The study showed that the
ability of iPSC-derived adipogenic cells to consume glucose increased in the PCOS
group compared with the controls.

In addition to adipocyte dysfunction, aberrant granulosa cell (GC) function is
critical in the pathogenesis of PCOS. The development and function of ovarian GCs is
one of the most critical regulators of ovarian folliculogenesis and steroidogenesis. The
GCs constitute the primary cell type within the ovarian follicles and their role in
functional and structural modifications synchronizes with the process of folliculogenesis
(Hutt and Albertini, 2007). They not only produce estrogen under the stimulation of
follicle-stimulating hormone (FSH), but also regulate the maturation and competence
acquisition of the developing oocyte (Fragouli et al., 2014). According to previous
studies, dysregulated GC function has been observed among women with PCOS,
including excessive GC apoptosis, defective proliferation (Das et al., 2008), abnormal
hyperresponsiveness to FSH stimulation, and altered steroidogenesis (Chang and
Cook-Andersen, 2013). However, most of these studies utilized GCs derived during
follicle aspiration after the administration of a high dose of gonadotropin stimulation for
an in vitro fertilization (IVF) program in humans (Catteau-Jonard et al., 2008; Kaur et
al., 2012; Lan et al., 2015; Nouri et al., 2016) or steroid hormone-treated (Chen et al.,
2015; Hsueh et al., 1994) or diet-induced PCOS animal models (Wu et al., 2015). The
unstimulated, un-luteinized, human ovarian GCs are seldom available and the
manipulated animal models may not be representative of actual human phenotypes.
Taken together, it remains unclear whether the different functional expressions of GCs
between women with and without PCOS actually exist, and the definite pathogenic
contributions are ambiguous. The current research aimed to generate PCOS-specific
IPSCs and re-differentiate them into ovarian GCs. The derived differentiated GCs from
IPSCs represent the non-luteinized GCs without prior ovarian hyperstimulation and may
serve as a valuable tool for discovering the PCOS mechanisms of disease during early
development.

Epigenetic modifications, defined as heritable changes in gene expression
without changing the underlying DNA sequences, have been proposed as a potential
solution for the missing heritability in complex diseases (Kirchner et al., 2013). Only a
few studies Kokosar et al., 2016; Shen et al., 2013; Xu et al., 2010; Yu et al., 2015)
have focused on the correlation between DNA methylomic aberrations and the

pathogenesis of PCOS but without definite conclusions. Therefore in our third part of
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the study, we aimed to conduct a genome-wide DNA methylation analysis to compare
the methylation profiles between PCOS and non-PCOS controls in both iPSC-derived
GCs and primary adult GCs. This is the first study to examine the methylation profiles
between disease-specific iPSCs and mature disease cells to evaluate potential
contributing factors in the mechanisms of PCOS. The preserved hyperactive CREB
pathway, which is related to aberrant DNA methylation, may provide an explanation for
the inheritance nature (Kosova and Urbanek, 2013) and phenotypic plasticity associated
with environmental interactions of PCOS (Diamanti-Kandarakis et al., 2012).

In the fourth part of our study, we will focus on the correlation between PCOS
and microRNA regulation, which is also an important portion of epigenetic regulation.
MicroRNAs (miRNAs) are small (~22-nt), stable RNAs that play critical role during
post-transcriptional gene regulation (Haider et al., 2014). In addition to cytoplasmic and
nuclear locations, microRNAs are located in other cellular and non-cellular
compartments, including mitochondria, exosomes, and microvesicles (Farugq and
Vecchione, 2015). Besides, they have been detected in virtually all bodily fluids
including breast milk, amniotic fluid, tears, cerebrospinal fluid, peritoneal fluid, blood,
pleural fluid, saliva, semen, and urine. Ever since the discovery of microRNAs within
human blood in 2008, there was enormous interest for the potential use of plasma or
serum microRNAs as biomarkers of neoplastic and non-neoplastic disease
(Moreno-Moya et al., 2014). MicroRNAs are especially appealing as biomarkers
because they are not prone to RNase degradation and remain stable in stored samples
(Haider et al., 2014).

Evidence of possible role of miRNAs by GWAS studies

One interesting result from the largest genome-wide association study (GWAS)
of PCOS (Chen et al., 2011) showed that, one of the PCOS susceptibility genes,
DENND21A, which encodes miR-601(McAllister et al., 2015). Another singlenucleotide
polymorphism near the genes of high mobility group AT-hook 2 and the Ras-related
protein Rab-5B (Shi et al., 2012) identified by a recent PCOS GWAS study appears to
be targeted by miR-132 and -32, respectively (Sang et al., 2013). Further functional
analysis will be needed to clarify the association between these genetic factors and
epigenetic factors, i.e. mMiRNA expression in PCOS.
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Serum/Plasma miRNA Biomarkers for PCOS

So far, little is known about the roles of miRNAs during follicular development,
steroidogenesis and in PCOS. The possible modes of action for miRNA within the
pathophysiology of PCOS have only been sparsely investigated, and only a few
MIRNA-PCOS studies existed in the literature. Only two studies had explored the
possible role of serum miRNA as diagnostic biomarkers in PCOS. Long et al. (2014)
used the miRNA microarray to explore the expression of serum miRNAs in patients
with PCOS compared to age-matched controls. Three miRNAs (miR-222, miR-146a
and miR-30c) were significantly increased in PCOS patients with a combination AUC
of 0.852. Sathyapalan et al. (2015) selected two miRNAs (miR-93 and miR-223) which
were related to insulin resistance and type Il diabetes from the literature for analysis.
The area under the receiver operator characteristic curve for miR-223 and miR-93 was
0.66 and 0.72 respectively, suggesting miR-93 was a better biomarker for the diagnosis
of PCOS. However both studies were inherited with the problems with limited case
number, absence of verification in another non-selected cohort, lack of replication in
other studies and lack of further functional analysis. Meanwhile, the subjects of both
studies were Caucasian. Since there is substantial ethnic and racial difference in the
clinical presentation of PCOS (Wang et al., 2013), it is important to establish our own
database in Taiwan.

MicroRNAs and Insulin Resistance in PCOS

Approximately 60-70% of women with PCOS have intrinsic insulin resistance
(IR) and some degree of hyperinsulinemia (Azziz et al., 2009). In a study of primary
subcutaneous adipose tissue from women with PCOS, it was found that the level of
GLUT4, the major insulin-dependent glucose transporter, was positively correlated with
insulin sensitivity. Furthermore, a negative association between miR-93 activity and
GLUT4 expression was noted in these patients, suggesting a novel mechanism for
regulating insulin-stimulated glucose uptake via miR-93 in the women with PCOS and
IR (Chen et al., 2013). Currently metformin, an insulin-sensitizing agent, is one of the
mainstream medical therapies of PCOS. This medication not only decreases insulin
resistance but also have several positive effects on androgen levels, ovulation and even
fertility (Lord et al., 2003). The administration of metformin may also change the
expression pattern of certain miRNAs. In type 2 diabetes, the serum expression level of
miR-221 and miR-222 was found to be elevated, while patients on metformin had a
similar expression level with non-diabetic patients (Coleman et al., 2013). The

underlying mechanism of the therapeutic effect of metformin on the diverse phenotypes
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of PCOS is still unclear and this will also become one of our research interests in our
study.

MicroRNA and steroidogenesis

It has been proposed that PCOS results from abnormal regulation of
steroidogenesis and specifically from androgen secretion by the ovary (Gilling-Smith et
al., 1994). The miRNAs in the control of the release of the main ovarian steroids might
be dysregulated and therefore pathogenic. The abnormal follicular development and the
underlying pathways associated with this phenotype might be explained by the
differences in miRNA expression. Many biological mechanisms are regulated by
mIiRNA, but only very few studies have investigated the role of miRNAs in PCOS. The
association between the expression pattern of specific miRNAs and the release of
steroid hormone has been demonstrated by several studies across a variety of species. It
was shown that the estradiol secretion from the steroidogenic human granulosa-like
tumor cell line, KGN, could be changed while transfected with certain miRNA mimics.
The KGN cells decreased estradiol secretion while transfected with miR-24 mimics and
increased estradiol secretion while transfected with miR-132, miR-320, miR-520c-3p
and miR-222 mimics (Blandino et al., 2012). In the mice study, the microarray analysis
revealed that 13 miRNAs were differently expressed before and after oocyte triggering
with hCG injection. Specifically, the expression level of miR-21, miR-132 and miR-212
were shown to be up-regulated by hCG injection during oocyte triggering (Fiedler et al.,
2008). In another delicate study published on Science, female mice lacking the
microRNAs miR-200b and miR-429 exhibited symptoms of anovulation and infertility.
Eliminating these miRNAs inhibits luteinizing hormone (LH) synthesis, which leads to
lowered serum LH concentration, an impaired LH surge, and failure to ovulate (Hasuwa
et al., 2013). Therefore miRNA might play an important role in the regulation of the
hypothalamus-pituitary-ovarian axis.

Two studies identified miRNAs in follicular fluid from patients with PCOS
recently (Sang et al., 2013; Roth et al., 2014). Both of them found differences in the
expression patterns of miRNAs in the PCOS group compared with a control group. The
first group investigated a subset of seven miRNAs (miR-132, -320, -24, -520c-3p, -193b,
-483-5p, and -222) which were chosen because of their connection with steroidogenesis
(Sang et al., 2013). miR-132, miR-320, miR-520c-3p, and miR-222 regulate the
concentration of estradiol while the others regulate progesterone concentrations. Two
were found to have significantly decreased expression in the PCOS group (miR-132 and

-320). Those highly expressed miRNAs targeted genes were associated with
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reproductive, endocrine, and metabolic processes in the bioinformatics analysis. The
second group also found that the PCOS group had significant overexpression of five
miRNAs (hsa-miR-9, -18b, -32, -34c, and -135a) (Roth et al., 2014). Three potential
miRNA target genes had significantly decreased expression in the women with PCOS:
insulin receptor substrate 2, synaptogamin 1, and interleukin-8. These factors were
found to be associated with the PCOS phenotypes, including ovulation, insulin
resistance and carbohydrate metabolism.

In conclusion, identification of differentially expressed miRNAs and their
specific target genes in the patients with PCOS might provide us better understanding of
the pathophysiology of this complex disease. Discovery of a unique temporal miRNA
pattern might provide sensitive new biomarkers for the diagnosis and prognostic
prediction of this common disease, and even new biomarkers for important biological
processes underlying this disease, such as ovulation function and steriodogenesis. Given
the critical regulatory function of miRNAs in posttranscriptional gene expression,
understanding the underlying mechanisms of the function of these regulatory miRNAs
might lead to the development of better diagnostic methods, preventive or even
therapeutic strategies by regulating specific target genes associated with PCOS.
Therefore in the fourth part of our study, the aims will include: (1) Analysis of the
differentially expressed pattern of miRNAs in the circulation could be diagnostic
biomarkers for PCOS, and of the different phenotypic subtypes of PCOS exhibit distinct
expression patterns of miRNAs. Comparing the miRNA profiles of PCOS patients to
healthy controls might reveals that contribution of regulatory miRNAs to the underlying
pathogenesis. (2) Establishment of prediction model for the diagnosis of PCOS and the
therapeutic effects of metformin, according to expression level of circulatory miRNAs.
(3) Validation of our prediction models by another separate cohort.

MATERIAL AND METHODS

Study 1: Symptom patterns and phenotypic subgrouping of women with polycystic
ovary syndrome: association between endocrine characteristics and metabolic
aberrations.

Subjects

This was a cross-sectional study in a single university hospital setting with
approval by the Research Ethics Committee of the National Taiwan University Hospital.
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Four hundred sixty women with PCOS were recruited from our reproductive
endocrinology outpatient clinic and informed consent was obtained from all of patients
and/or their parents. The patients initially sought evaluation at the clinic for menstrual
irregularities and/or clinical symptoms of HA, such as hirsutism and alopecia. The
patients did not receive medical treatment, including oral contraceptives,
insulin-sensitizing agents, anti-androgenic agents, ovulation-induction agents, and
Chinese herbal medicines, within 3 months before enrollment. The diagnosis were made
according to the 2003 Rotterdam criteria, and at least 2 of the following 3 criteria were
fulfilled: amenorrhea or oligomenorrhea (fewer than nine spontaneous menstrual cycles
per year for at least 3 years before enrollment); biochemical hyperandrogenemia (serum
total testosterone level = 0.8 ng/ml) and/or clinical HA, including hirsutism and
alopecia (acne was excluded due to inconsistency of the correlation with HA in the
literature); and PCOM on ultrasound (greater than twelve 2-9 mm follicles or an ovarian
volume > 10 ml in at least 1 ovary). Other endocrine and organic abnormalities, such as
hyperprolactinemia, thyroid dysfunction, Cushing’s syndrome, congenital adrenal
hyperplasia, and adrenal or ovarian tumors were excluded. Hirsutism was defined as a
Ferriman—Gallwey score > 8.

Protocol

All subjects underwent collection of blood samples, anthropometric
measurements, pelvic ultrasonography, and measurements of blood pressure on the
same day. Overnight fasting venous blood samples were collected in the early follicular
phase in patients with spontaneous ovulation cycles, and randomly in amenorrheic
patients. The blood sample was discarded if the serum progesterone level was > 2 ng/ml,
or the serum estradiol level was > 150 pg/ml. If the serum progesterone level was higher
2 ng/ml, the patients were invited for blood sampling 2-5 days after menstruation. Blood
samples were processed within 30 minutes of collection and the levels of serum glucose
and insulin were measured on the same day (Chen et al., 2009). The remaining serum
and plasma were frozen at -80°C until assayed. Pelvic ultrasonography was performed
by 1 or 2 experienced gynecologists using a transvaginal approach whenever possible.
The number of follicles ranging from 2-9 mm in diameter was counted and the ovarian
volume was calculated with a simple formula (0.5 x length x width x thickness) (Balen
et al., 2003; Chen et al., 2008). Obesity was defined as a body mass index (BMI) =
25 kg/m?, which is based on the guidelines for an adult Asian population (WHO Expert
Consultation, 2004). The establishment of MS required at least 3 of the following 5
criteria: a systolic blood pressure (SBP) > 130 mmHg and/or a diastolic blood pressure

(DBP) > 85 mmHg; a fasting glucose > 100 mg/dl; a fasting triglyceride (TG) > 150
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mg/dl; a high-density lipoprotein-cholesterol (HDL-C) < 50 mg/dl; and abdominal
obesity (waist circumference (WC) >80 cm) (Tan et al., 2004).

Assays

The concentration of plasma glucose (mg/dl; the detectable range: 10-800),
serum insulin (IU/ml, 2-140), hormone profiles (follicle-stimulating hormone [FSH,
miU/ml, 0.1-120], LH [mlIU/ml, 0.1-100], estradiol [pg/ml, 20-900], progesterone
[ng/ml, 0.2-40], sex hormone-binding globulin [SHBG, nmol/l, 0.35-200], liver enzymes
(alanine aminotransferase [ALT, 1U/l, 3-500] and aspartate aminotransferase [AST, 1U/I,
3-1000]), and lipid profiles (total cholesterol [mg/dl, 25-700], TG [mg/dl, 10-1000],
low-density lipoprotein-cholesterol [LDL-C, mg/dl, 7-450], and HDL-C [mg/dl, 3-150])
were measured as described previously (Chen et al., 2006, 2010, 2012). Serum total
testosterone (ng/ml, 0.03-14.4) and DHEA-S (ug/dl, 2.5-800) were measured by
radioimmunoassay (Diagnostic Systems Laboratories). And the bioavailability of
testosterone was assessed by free androgen index (FAI) [FAI (%) = testosterone (ng/ml)
X 3.47 x 100 / SHBG (nmol/l)] (Chen et al., 2007). The mean (standard deviation(SD))
value of total testosterone level was 0.4(0.12) ng/ml in a historical control arm with 37
non-PCOS healthy women recruited from previous study (Chen et al., 2009). The
degree of IR was evaluated with the homeostasis model assessment (HOMA)
[HOMA-IR = (glucose (mg/dl) x 0.05551) x insulin (IU/ml) / 22.5]. The intra- and
inter-assay coefficients of variation of the aforementioned assays were all <10%.

Statistical analysis

We adopted a clustering tree with MV in GAP (Chen, 2002; Tien et al., 2008;
Wau et al., 2008, 2010) to determine the symptom patterns and phenotypic clustering of
women with PCOS. GAP is a graphical technique that can simultaneously explore the
associations of up to thousands of subjects, variables, and their interactions, without
first reducing dimensions. Five levels of information can be retrieved, as follows:
preliminary score for each patient/symptom combination; individual patient
score-vector across all symptoms and individual symptom-vector on all patients;
association score for each patient-patient and symptom-symptom relationship; grouping
structure or symptoms and clustering effect for patients; and interaction pattern of the
patient-clusters on symptom-groups. MV permutes the rows and columns of the raw
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data matrix by suitable re-ordering algorithms, together with the corresponding
proximity matrices. The permuted raw data matrix and two proximity matrices are then
displayed as matrix maps through suitable color spectra, and the subject-clusters,
variable-groups, and interactions embedded in the data set can be visually extracted.

Some statistical analysis was performed using SPSS (version 17.0). The numeric
variables are presented as the mean (SD), unless indicated otherwise. Associations
between demographic and clinical characteristics of the patients according to the
different clusters from GAP analysis were assessed using one-way analysis of variance
(ANOVA) for continuous variables and chi-square or Fisher’s exact tests for categorical
variables, as appropriate. The Bonferroni post hoc test was applied when ANOVA
revealed statistical significance. Two-stage linear discriminant analysis (LDA) done by
the "MASS" package (Venables and Ripley, 2002) were used to determine if the model
composed by the four selected endocrine measurements was adequate to predict MS.
The validation was estimated using a leave-one-out cross-validation procedure (Burman,
1989). Al tests were two-tailed with a confidence level of 95% (P < 0.05).

Study 2: Increased platelet factor 4 and aberrant permeability of follicular fluid
in PCOS.

Patient recruitment

This was a tertiary center-based case-control study. From September 2014 to
December 2015, patients with PCOS who underwent in vitro fertilization-embryo
transfer (IVF-ET) at our hospital were enrolled. This study was approved by the Ethics
Committee of the National Taiwan University Hospital (No.: 201302062RIND). The
diagnosis were made according to the 2003 Rotterdam criteria, and at least 2 of the
following 3 criteria were fulfilled: (1) amenorrhea or oligomenorrhea (fewer than 9
spontaneous menstrual cycles per year for at least 3 years before enrollment); (2)
biochemical hyperandrogenemia (serum total testosterone level = 0.8 ng/ml) and/or
clinical HA, including hirsutism and alopecia; and (3) polycystic ovaries on ultrasound
(>twelve 2-9 mm follicles or an ovarian volume > 10 ml in at least 1 ovary). Other
endocrine and organic abnormalities, such as hyperprolactinemia, thyroid dysfunction,
Cushing’s syndrome, congenital adrenal hyperplasia, and adrenal or ovarian tumors,
were excluded. Hirsutism was defined as a Ferriman—-Gallwey score > 8. Patients
without PCOS who underwent IVF-ET for male factor and/or tubal factor infertility
were selected as the control group. In our study, the criteria of
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amenorrhea/oligomenorrhea was fulfilled in every PCOS patients. Only the patients
who had regular menstrual cycles and showed good response to ovarian simulation
(more than 20 follicles larger than 10mm before oocyte triggering) were enrolled as the
control group. The reason of choosing good responders with normal ovulatory function
was to make sure the ovarian reserve was comparable between the PCOS and control
group. If we chose the women with different ovarian reserves as the control group, it
would be difficult to tell whether the differences of ovarian angiogenetic cytokines were
related to the ovarian reserve per se or to the mechanism of PCOS. Therefore we
determined the ovarian reserve as a controllable confounding factor and we chose
ovulatory women with comparable retrieved oocyte numbers as the control group.

Controlled ovarian stimulation, oocyte retrieval and follicular fluid collection

After a period of controlled ovarian stimulation (COS), FF was collected during
oocyte retrieval. COS was performed according to the standard gonadotropin-releasing
hormone (GnRH) antagonist protocols described in our previous publications (Lee et al.,
2006; Ho et al., 2008; Huang et al., 2012) (GnRH antagonist: Cetrotide®, cetrorelix
acetate; Merck-Serono, Geneva, Switzerland). Ovarian stimulation was achieved with
recombinant follicle-stimulating hormone (rFSH, Gonal-F®; Merck-Serono, Geneva,
Switzerland) or highly-purified human menopausal gonadotropin (hp-hMG, Menopur®;
Ferring Pharmaceuticals, Geneva, Switzerland), containing 75 IU/ampules of FSH and
LH activity. IVF/ICSI cycles were monitored by serial folliculometry and assessment of
serum estradiol, progesterone and LH levels every 1-2 days, starting from Day 6 in
GnRH antagonist protocol and continued until the day of hCG injection for the final
oocyte maturation. A dose of 65001U hCG (Ovidrel®; Merck-Serono) or two doses of
3.75mg triptorelin (Decapeptyl®; Ferring Pharmaceuticals, Switzerland) was
administered when two or more than two follicles reached 18 mm in diameter. Oocyte
retrieval was scheduled 34-36 h later. To obtain the FF and avoid contamination from
blood and flush medium during oocyte retrieval, only the FF from the first retrieved
follicle (mean diameter = 18-20 mm) was collected. The presence or absence of blood
contamination was determined by visual inspection, and samples with blood staining
were discarded. The obtained fluid was centrifuged at 350g for 5 min to remove cells
and frozen at —80°C for subsequent assays.

Human umbilical vein endothelial cells (HUVECS)

Human umbilical vein endothelial cells (HUVECs) were purchased from the
American Type Culture Collection (Rockville, MD, USA). HUVECs are cultured in
M199 medium supplemented with 20% fetal bovine serum, endothelial cell growth

supplement (Intracel, Rockville, MD, USA), heparin, L-glutamine, penicillin, and
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streptomycin in a humidified atmosphere of 95% air and 5% CO, at 37°C. The
following experiments were performed using HUVECSs at < 5 passages.

HUVEC monolayer permeability assay

HUVECs were cultured in Transwell chambers (0.4-um pore polycarbonate
filters; Costar, Cambridge, MS, USA). After reaching confluence, the medium was
replaced with the FF (1/10 dilution with normal saline; 0.3 ml in the upper chamber and
1 ml in the lower chamber). Horseradish peroxidase (HRP) molecules (type VI-A, 44
kDa; Sigma-Aldrich, St. Louis, MO, USA) at a concentration of 0.126 uM was added to
the upper compartment. HRP diffusion through the HUVEC monolayer was measured
as previously described (Essler et al., 1999), with some modifications. After incubation
for 1 h, the medium in the lower compartment was assayed for enzymatic activity using
a photometric guaiacol substrate assay (Sigma-Aldrich). The permeability was
calculated by dividing the concentration of HRP molecules in the lower compartment
measured 1 h after adding the FF and HRP molecules into the upper compartment by the
initial HRP concentration. The induced permeability of FF when adding VEGF with a
concentration of 50 ng/ml was defined as 100% and the relative permeability was
calculated accordingly.

Recombinant protein and antibody

Recombinant human platelet factor 4 (rhPF4) protein (795-P4-025/CF) was
purchased from R and D Systems (Minneapolis, MN, USA). Anti-interleukin-8
(anti-1L-8, sc-8427), anti-PF4 (sc-374195), and anti-albumin antibodies (sc-271605)
were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).

Human angiogenesis antibody array

A human angiogenesis antibody array (Proteome Profiler™; R&D Systems) was
used to analyze the protein profiles. Briefly, FF samples (1/10 dilution with normal
saline) were first mixed with the biotinylated detection antibody cocktail at room
temperature for 1 h, while the array membrane was blocked with the blocking solution
provided by the manufacturer. Then, the membrane was incubated with the samples
overnight at 2-8 °C on a shaker. After washing, HRP-conjugated streptavidin was added
to the membrane for 30 min at room temperature, and signal development was achieved
by addition of the commercial chemiluminescent detection reagents. A digital imaging
system (Biopioneer, Inc., San Diego, CA, USA) was used to detect the signals, which
were further analyzed using the ImageJ® program.
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Enzyme immunoassay (EIA)

A PF4 EIA kit (DPF40 for PF4; R&D Systems) was used to determine PF4
concentrations in the human FF according to the manufacturer’s instructions. The inter-
and intra-assay coefficients of variation are 7.0% and 11.2%. Each measurement was
performed in duplicate.

Immunoprecipitation and Western blot

To determine the interaction between IL-8 and PF4, 50 uL of FF was mixed with
the Mammalian Protein Extraction Reagent (Pierce, Rockford, IL, USA).
Immunoprecipitation with anti-IL-8 or with anti-PF4 antibodies was performed for 4 h;
the immune complexes were incubated with protein A-Sepharose. The samples were
then subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and probed with anti-PF4 and anti-IL-8 antibodies overnight. The
supernatants of each sample after protein A-Sepharose purification (20 pl) was
subjected to SDS-PAGE and probed with anti-albumin antibody. The membranes were
then incubated with secondary antibody for 30 min and processed for detection of the
specific proteins. Signal development was achieved by addition of the commercial
chemiluminescent detection reagents. A digital imaging system (Biopioneer Inc.) was
used to detect the signals. The density of the protein bands on the Western blot image
was analyzed with the ImageJ image processing program.

Filamentous actin (F-actin) fluorescence staining

HUVECs were fixed with 3.7% paraformaldehyde for 20 min and permeabilized
with 0.1% Triton-X-100. Fluorescence isothiocyanate-conjugated phalloidin (Invitrogen,
Carlsbad, CA, USA), diluted in PBS (2 U/ml) was then applied to the specimens in the
dark for 1 h. The specimens were mounted with 10% glycerol. The images were viewed
using a fluorescence microscope (Nikon, Tokyo, Japan).

Statistical analysis

In this study, each experiment was repeated at least three times on different occasions.
The numeric variables were presented as the mean + standard deviation. The
Mann-Whitney U test was performed for non-parametric analysis due to the small
sample size. All tests were two-tailed with a confidence level of 95% (P < 0.05). The
Statistical Program for Social Sciences (SPSS version 17; SPSS, Inc., Chicago, IL, USA)
was used for all calculations.
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Study 3: Hyperactive CREB signaling pathway involved in the pathogenesis of
polycystic ovarian syndrome revealed by patient-specific induced pluripotent stem

cell modeling.

Patient recruitment and ethical approval

The current study was a case-controlled clinical and experimental study in a
single university hospital setting with approval by the Research Ethics Committee of the
National Taiwan University Hospital. From June 2014 to March 2016, 18 patients with
PCOS and 10 non-PCOS controls were enrolled and informed consent was obtained
from all. In the PCOS group, 16 patients had primary GC retrieval during IVF (genomic
DNA methylation analysis was conducted in 11 cases and Western blotting validation
was performed later in an additional 5 cases) and 2 patients had skin biopsy for iPSC
experiments. In the control group, 8 subjects had primary GC retrieval during IVF
(genomic DNA methylation analysis was conducted in 4 cases and Western blotting
validation was performed later in an additional 4 cases) and 2 patients had skin biopsy.
PCOS was diagnosed according to the 2003 Rotterdam criteria, and at least 2 of the
following 3 criteria were fulfilled: (1) amenorrhea or oligomenorrhea (fewer than 8
spontaneous menstrual cycles per year for at least 3 years before enrollment); (2)
biochemical hyperandrogenemia (serum total testosterone level =0.8 ng/ml) and/or
clinical HA, including hirsutism and alopecia; and (3) polycystic ovaries on ultrasound.
Patients with other endocrine and organic abnormalities, such as hyperprolactinemia,
thyroid dysfunction, Cushing’s syndrome, congenital adrenal hyperplasia, and adrenal
or ovarian tumors, were excluded. Hirsutism was defined as having a Ferriman-Gallwey
score >8. A total of 10 PCOS subjects (including 2 subjects with skin biopsy) were
full-blown phenotype (Type A) and 8 PCOS subjects were non-hyperandrogenic
phenotype (Type D). The control subjects had regular menstruation cycles (interval:
25-35 days). They did not have all three features of the Rotterdam criteria and had no
known endocrinopathies.

Collection of primary adult granulosa cells

Primary adult GCs were collected during IVF treatment and transvaginal oocyte
retrieval. The patients without PCOS but with regular menstrual cycles who underwent
IVF for male factor and/or tubal factor infertility were selected for the control group in
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the analysis of primary adult GCs. After a period of controlled ovarian stimulation
(CQOS), follicular fluid was collected during oocyte retrieval. COS was performed
according to the standard gonadotropin-releasing hormone (GnRH) antagonist protocols
described in our previous publications (Huang et al., 2012) (GnRH antagonist: Cetrotide,
cetrorelix acetate; Merck-Serono, Geneva, Switzerland). Briefly, ovarian stimulation
was achieved using recombinant follicle stimulating hormone (rFSH, Gonal-F;
Merck-Serono, Geneva, Switzerland) or highly purified human menopausal
gonadotropin (hp-hMG, Menopur; Ferring Pharmaceuticals, Saint-Prex, Switzerland)
containing 75 IU/ampules of FSH and LH activity. IVF/ICSI cycles were monitored
using serial folliculometry, including an assessment of serum estradiol, progesterone,
and LH levels every 1-3 days, starting at day 6 in the GnRH antagonist protocol and
continuing until the day of oocyte triggering for the final oocyte maturation. Two doses
of 3.75 mg triptorelin (Decapeptyl; Ferring Pharmaceuticals) were administered when
>2 follicles reached 18 mm in diameter and oocyte retrieval was scheduled 34-36 h later.
The GCs were isolated and prepared from follicular aspirates after oocyte removal. The
samples were then centrifuged at 2000 rpm for 5 min to separate the fluid from the cells.
The cell pellets were resuspended in Dulbecco’s phosphate-buffered saline (DPBS;
Gibco; Invitrogen Life Technologies, Gibco, Waltham, MA, USA), layered on 50%
Ficoll-Paque density gradient media (GE Healthcare, Waukesha, W1, USA), and then
centrifuged at 2000 rpm for 5 min to remove the red blood cells. To remove debris,
tissue, and more red blood cells, the GCs at the interface were collected and transferred
to matrix-coated gel (Matrigel; Corning Incorporated, Corning, NY, USA) to culture for
2-3 days. The GCs were ultimately collected from the medium for further DNA, RNA,
and protein extraction.

iIPSC derivation and differentiation into granulosa cells
Isolation of skin fibroblasts and cell culture

Skin fibroblasts from 2 women with PCOS and 2 non-PCOS controls were
obtained by skin biopsy that was performed during benign gynecological surgery. One
piece of 1 cm? size skin tissue was removed from the abdominal wall. Skin fibroblasts
were isolated and cultured in DMEM supplemented with 10% fetal bovine serum,
non-essential amino acid, L-glutamine, and penicillin/streptomycin. Human skin
fibroblast-derived iPSCs were maintained on mitomycin C-inactivated MEF with
ReproCELL serum-free medium (ReproCELL, Shin-Yokohama, Japan) supplemented
with 10 ng/ml of basic fibroblast growth factor.
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PCOS and non-PCOS iPSC derivation

PCOS and non-PCOS iPSC reprogramming was performed according to the
manufacturer’s instructions (System Biosciences, Palo Alto, CA, USA). In brief, human
skin fibroblasts were electroporated with episomal plasmids encoding genes for human
OCT4, SOX2, LIN28, KLF4, c-MYC, p53shRNA, and miR-302/367 clusters using the
ECM 830 Square Wave Electroporation System (BTX, Holliston, MA, USA). The cells
were plated to gelatin-coated 6-well plates with fibroblast growth medium. After cell
confluency reached 80%, the cells were replated on mitomycin C-inactivated MEF with
fibroblast growth medium. After 16 h, the medium was replaced with iPSC growth
medium supplemented with PSGen Reprogramming Supplement. The embryonic stem
cell (ESC)-like cell colonies appeared after 15-20 days and were selected after day 20.
The expression of episomal reprogramming vectors was determined using SYBR Green
gPCR. Alkaline phosphatase staining and immunostaining of pluripotency markers were
performed using a Complete Antibody and AP staining Kit SAB-KIT-1 (SBI, System
Biosciences). Two ESC lines, NTUL (Lan et al., 2013) and H9 (Thomson et al., 1998;
WiCell, Madison, WI, USA), were used as positive controls in this study.

Granulosa cell differentiation

GC differentiation was done as previously described in human ESCs (Lan et al.,
2013). Briefly, the iPSC colonies were manually split into small clumps and plated onto
petri dishes to form embryoid bodies (EBs). The EBs were cultured for 2 days in
maintenance medium that contained DMEM/F12 medium supplemented with 20%
knockout serum, replacement, non-essential amino acid, GlutaMAX, and
-mercaptoethanol. After 2 days, the EBs were cultured for 1 day in maintenance
medium supplemented with BMP4 followed with BMP4, WNT3A, and activin A for the
next 3 days. For further induction toward GCs, the EBs were transferred to
gelatin-coated cell culture dishes and cultured on maintenance medium supplemented
with BMP4 and follistatin for 6 days.

Validation of iPSC pluripotency

In vitro differentiation

In vitro differentiation was performed according the manufacturer’s instructions
(R&D Systems, Minneapolis, MN, USA). Briefly, the cells were dissociated using
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Accutase and plated on RGF/BME-coated coverslips in  mouse embryonic
fibroblast-conditioned medium supplemented with 4 ng/ml basic fibroblast growth
factor. After the cells reached 50% confluency, the medium was replaced with
differentiation medium. The samples were collected on day 4 and stained with anti-Otx2,
Brachyury, and Sox17 antibody.

Teratoma formation assay

1x10" iPSCs were injected subcutaneously into the dorsal trunk of 6- to
8-week-old NOD-SCID mice. Teratomas developed after 8-12 weeks and were excised
for histological analysis using hematoxylin and eosin staining. For the experiments
involving mice, all of the animal care procedures and experiments were performed
according to the Assessment and Accreditation of Laboratory Animal Care-approved
guidelines using protocols approved by the Institutional Review Board-Institutional
Animal Care and Use Committee of National Taiwan University.

Functional validation of iPSC-derived granulosa cells
Extraction of DNA, RNA, and protein

The DNA and RNA of the GCs were extracted using an AllPrep DNA/RNA
Mini Kit (Qiagen, Hilden, Germany) per the manufacturer’s instructions. The sample
yield and purity was measured after each step using a Nanodrop ASP-2680 (ACTGene,
Piscataway, NJ, USA). The proteins were extracted using a Subcellular Protein
Fractionation Kit for Cultured Cells (Thermo Fisher Scientific, Waltham, MA, USA)
per the manufacturer’s instructions. The protein yield and purity was measured using a
DTX 800 Multimode Detector (Beckman Coulter, Brea, CA, USA).

RT-PCR and gPCR

PCR was performed using a GoTaq Green Master Mix (Promega, Madison, W1,
USA). Quantitative PCR was performed using the Applied Biosystem TagMan (Thermo
Fisher Scientific) or 1x EvaGreen reagent (catalog number 31014; Biotium, Fremont,
CA, USA) and analyzed using a StepOnePlus Real-Time PCR system (Thermo Fisher
Scientific). Primer sequences and TagMan probe assay IDs for the PCR and gPCR
systems used are listed in Table 1. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) transcript expression was used as an internal control for quantification.
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Immunohistochemistry

The cells were fixed using 4% paraformaldehyde in PBS for 30 min at room
temperature. After washing with PBS, the cells were permeabilized with 0.1% Triton
X-100 in PBST (0.1% TWEEN 20 in PBS) and blocked with 3% BSA in PBST. Primary
antibodies, including NANOG, OCT4, SSEA4, and TRA1-60 (SAB-KIT-1), were used
and incubated overnight at 4°C. Secondary antibodies included Alexa Fluor 488 goat
anti-rabbit 1gG or Alexa Fluor 488 rabbit anti-mouse 1gG (Thermo Fisher Scientific)
and were incubated for 30 min at room temperature. The cells were counterstained with
Hoechst 33342 to visualize the nuclei.

Flow cytometry analysis

The cells were dissociated into single cells using Accumax. The staining
procedure was performed according to the manufacturer’s instructions (Affymetrix;
Thermo Fisher Scientific). The cells were blocked using human Fc receptor inhibitor
purified in flow cytometry staining buffer (Affymetrix; Thermo Fisher Scientific). The
primary antibodies included rabbit anti-aromatase (CYP11A1) PE-conjugated (Bioss,
Woburn, MA, USA), rabbit anti-AMHR2 488-conjugated (Bioss), and mouse
anti-FSHR APC-conjugated antibody (R&D Systems). Isotype control cells were treated
with non-specific isotype-matched antibodies. Before aromatase staining, the cells were
fixed and permeabilized. The protein expression level was analyzed using a
FACSCalibur flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). Conjunction
of AMHR2 and FSHR was used to sort and purify the twelve-day iPSC-derived GCs for
subsequent methylation array analysis.

Aromatase activity assay and measurement of estradiol levels

An aromatase activity assay was conducted by measuring the estradiol levels in
the culture medium after treating the cultured cells with testosterone. Each culture
treatment was replicated at least 3 times. Differentiated GCs (day 12) of the PCOS and
non-PCOS iPSCs, human ESCs (H9), and human GCs were seeded at a density of
4x10° cells/well and cultured in 6-well plates. After a 24-h culture, the cells were
incubated for 24 h in maintenance medium with 50 ng/mL testosterone (Sigma-Aldrich,
St. Louis, MO, USA). The culture media were collected for the measurement of the
estradiol levels using estradiol enzyme immunoassay (EIA) kits (Cayman Chemical,
Ann Arbor, Ml, USA).

Bisulfate conversion, DNA amplification, fragmentation, and hybridization of the
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IHlumina Infinium methylation array

Whole genomic DNA methylation profiles were assayed in primary adult
ovarian GCs and iPSC-derived GCs after 12 days of culture. Genomic DNA was
isolated using proteinase K-phenol-chloroform extraction following standard protocols
with 0.5% SDS and 200 pg/ml proteinase K. The concentration of DNA was normalized
to 50 ng/ul and total genomic DNA (500 ng) was used for DNA bisulfate conversion
using an EZ DNA Methylation kit (Zymo Research, Irvine, CA, USA). 200ng of
bisulfate-treated DNA was used for Infinium MethylationEPIC BeadChip analysis
(Illumina, San Diego, CA, USA). The EPIC BeadChip covers over 850,000 CpG sites
and contains greater than 90% of the previous Illlumina Infinium Methylation450
BeadChip content plus an additional 350,000 CpGs in the enhancer regions. Briefly, the
bisulfate-converted DNA was amplified 1000X by DNA polymerase during the
incubation step in an Illumina Hybridization Oven for 20-24 h at 37°C. The amplified
DNA products were then fragmented into 300-600 base pairs. After alcohol
precipitation and resuspension of the fragmented DNA, the BeadChip was prepared for
hybridization in the capillary flow-through chamber. The amplified and fragmented
DNA samples annealed to locus-specific 50-mers during the hybridization step at 48°C
for 16 h in the Illumina Hybridization Oven. After hybridization, allelic specificity was
conferred by enzymatic single base extension. The products were subsequently
fluorescently stained using biotin-ddNTP or dinitrophenol-ddNTP. The intensity of the
bead fluorescence was detected using an Illumina HiScan.

EPIC BeadChip data quality control and normalization

The resulting raw data (IDATSs) from the arrays were preprocessed and corrected
using Hlumina GenomeStudio (v2010.1) software for an initial quality check that
involved color bias correction and background adjustment. Further probe filtering,
quantile normalization, and  value to M value transformation were performed under an
R statistical environment (v.3.1.1). A beta (B) value of 0-1.0 was reported for each CpG
site (methylation ranging from 0% to 100%, respectively). The  value was calculated
as the ratio of the methylated signal intensity to the sum of both methylated and
unmethylated signals to represent the methylation values for individual CpG sites. The
M value was calculated as the log2 ratio of the intensities of the methylated probe
versus the unmethylated probe. Analyses of differentially methylated genes between the
PCOS and controls of the adult GCs and day 12 iPSC-derived GCs were performed
using MetaCore (Thomson Reuters, New York, NY, USA) and Ingenuity Pathway
Analysis (IPA) (Qiagen, Hilden, Germany).

Expression array analysis
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Affymetrix GeneChip Human Genome Gene 1.0 ST microarray chips (Thermo
Fisher Scientific) were performed on the primary adult GCs following the
manufacturer’s protocol as briefly described in our previous publication (Lan et al.,
2015).

Western blotting analyses

Total protein was extracted from the primary adult GCs from the PCOS and
non-PCOS women. Thirty micrograms of protein per lane was separated by SDS-PAGE
and blotted onto polyvinylidene difluoride membranes. The membranes were then
blocked using 3% BSA (Bovogen, Keilor East, Australia) in Tris-buffered saline
TWEEN 20 (Gibco) and incubated overnight at 4°C with one of the following primary
antibodies: human CREB antibody (1:1000; Cell Signaling Technology. Danvers, MA,
USA), human CBP antibody (1:1000; R&D Systems), or human GAPDH antibody
(1:5000; R&D Systems). The polyvinylidene difluoride membranes were incubated for
60 min at room temperature with the following secondary antibodies: donkey
anti-mouse antibody (R&D Systems) or goat anti-rabbit antibody (Cell Signaling). The
immune complexes were detected by chemiluminescence using the MGIS-21 Western
blotting analysis system (TOPBIO CO., New Taipei City, Taiwan).

Statistical analysis

All of the results were derived from experiments performed in triplicate. The
results were presented as meanzstandard deviation. The Mann-Whitney U test was used
to examine the significance of the between-group differences. All of the tests were
two-tailed with a confidence level of 95% (P<0.05), except for the 90% confidence
interval used in Supplemental Figure 8. The Statistical Program for Social Sciences
(SPSS version 17; SPSS, Inc., Chicago, IL, USA) was used for all of the calculations.

Study 4: Circulatory miRNAs as prediction models for the diagnosis of PCOS and
the therapeutic effects of metformin.

Selection of subjects

The patients of PCOS might initially seek evaluation at the clinic for menstrual
irregularities and/or clinical symptoms of HA, such as hirsutism and alopecia. The
recruited patients cannot receive medical treatment, including oral contraceptives,
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insulin-sensitizing agents, anti-androgenic agents, ovulation-induction agents, and
Chinese herbal medicines, within 3 months before enrollment. The diagnosis is made
according to the 2003 Rotterdam criteria, and at least 2 of the following 3 criteria were
fulfilled: amenorrhea or oligomenorrhea (fewer than nine spontaneous menstrual cycles
per year for at least 3 years before enrollment); biochemical hyperandrogenemia (serum
total testosterone level = 0.8 ng/ml) and/or clinical HA, including hirsutism and
alopecia (acne was excluded due to inconsistency of the correlation with HA in the
literature); and PCOM on ultrasound (greater than twelve 2-9 mm follicles or an ovarian
volume > 10 ml in at least 1 ovary). Other endocrine and organic abnormalities, such as
hyperprolactinemia, thyroid dysfunction, Cushing’s syndrome, congenital adrenal
hyperplasia, and adrenal or ovarian tumors will be excluded. Hirsutism is defined as a
Ferriman—Gallwey score > 8. The control group will be selected from healthy women

asking for Pap smear or HPV vaccine.

Protocol

All subjects receive collection of blood samples, anthropometric measurements,
pelvic ultrasonography, and measurements of blood pressure on the same day.
Overnight fasting venous blood samples are collected in the early follicular phase in
patients with spontaneous ovulation cycles, and randomly in amenorrheic patients.
Blood samples are processed within 30 minutes of collection and the levels of serum
glucose and insulin were measured on the same day. The remaining serum and plasma
are frozen at -80°C until assayed. Pelvic ultrasonography is performed by 1 or 2
experienced gynecologists using a transvaginal approach whenever possible. The
number of follicles ranging from 2-9 mm in diameter are counted and the ovarian
volume is calculated with a simple formula (0.5 x length x width x thickness). Obesity
is defined as a body mass index (BMI) = 25 kg/m2, which is based on the guidelines
for an adult Asian population (WHO Expert Consultation, 2004). The establishment of
MS required at least 3 of the following 5 criteria: a systolic blood pressure (SBP) > 130
mmHg and/or a diastolic blood pressure (DBP) > 85 mmHg; a fasting glucose > 100
mg/dl; a fasting triglyceride (TG) > 150 mg/dl; a high-density lipoprotein-cholesterol
(HDL-C) < 50 mg/dl; and abdominal obesity (waist circumference (WC) > 80 cm).

Serum preparation and RNA extraction
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Five ml venous blood is collected from each participant using a procoagulant
drying tube. The whole blood is separated into serum and cellular fractions by
centrifugation at 4,000 rpm for 10 min, followed by 12000 rpm for 15 min to
completely remove cell debris. Isolation of serum total RNA is performed with the
Trizol Reagent for serum denaturizing and Qiagen miRNeasy Mini kit (Qiagen,
Valencia, CA) for RNA collection and purification according to the manufacturer’s
protocol. Synthetic C elegans miR-39 will be added to a final concentration of
1024pmol/ ml for all samples in order to control variations in RNA extraction and/or
purification procedures because of the absence of homologous sequences in humans.
Furthermore, all study subjects are recruited during the same period, and the samples
are handled in equal volume in each experiment step to control the potential bias.

TLDA chip miRNA microarray

The expression profiles of the miRNAs are determined using the TagMan Array
Human MicroRNA A and B Cards Set version 3.0 (Applied Biosystems). The cards
contain assays for 766 mature miRNAs present in the Sanger miRBase version 18.0.
RT-PCRs are performed with Megaplex Primers Pool A with preamplification according
to the manufacturer’s instructions. PCRs are performed using 450 L TagMan Universal
PCR Master Mix, No AmpErase UNG(2X), and 9 uL diluted preamplification product,
and the reactions are brought to a final volume of 900 uL. One hundred microliters of
the PCR mix are dispensed into each port of the TagMan miRNA array, and the fluidic
card is centrifuged and mechanically sealed. Quantitative RT-PCR was carried out on an
Applied Biosystems 7900HT thermocycler using the manufacturer’s recommended
program. Detailed analysis of the results is performed using the Real-Time Statminer
software package (Applied Biosystems).

Reverse transcription (RT) and quantitative PCR (QPCR)

Total RNA is reverse transcribed using the TagMan MicroRNA Reverse
Transcription Kit (Life Technologies, Paisley, UK) following manufacturer’s
instructions. Mature miRNA TagMan assays are purchased from Life Technologies and
the generated cDNA amplified using the Tagman 2x Universal PCR master mix, No
AmpErase UNG (Life Technologies), with each reaction performed in triplicate. The
amplification is performed in a StepOnePlus PCR System (Life Technologies) in 96
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well plates. The amplification curves are analyszed using the StepOne software (Life
Technologies) and the comparative Ct Method (A CT Method). Calibration is based on
the expression of the C-elegans miR-39 spike-in.

Gene ontology pathway analysis and miRNA target network analysis

Potential miRNA  targets were identified from TargetScan
(http://www.targetscan.org/vert_72/). Final target lists and relevant miRNAs were
uploaded to Panther (http:// www.pantherdb.org/) were applied to annotate the
biological functions of the predicted targets. The results were presented as
meantstandard deviation. All of the tests were two-tailed with a confidence level of
95% (P<0.05) with appropriated statistical methods. The Statistical Program for Social
Sciences (SPSS version 17; SPSS, Inc., Chicago, IL, USA) was used for all of the
calculations.

RESULTS

Study 1: Symptom patterns and phenotypic subgrouping of women with polycystic
ovary syndrome: association between endocrine characteristics and metabolic
aberrations.

From 2008-2011, a total of 460 PCOS patients were recruited. All of the patients
met the Rotterdam criteria, while the percentage of women with phenotypic
oligomenorrhea/amenorrhea, ultrasonographic morphology of PCO, clinical HA and/or
hyperandrogenemia was 92.4% (425/460), 94.3% (434/460), and 80.9% (372/460)
(62.8% (289/460) and 52.8% (243/460) for clinical HA and hyperandrogenemia,
respectively). The percentage of fulfillment of the Androgen Excess and PCOS Society
(AE-PCOS) and National Institutes of Health (NIH) criteria was 85.9% (395/460) and
78.3% (360/460), respectively. The mean(SD) age was 24.7(5.0) years (range, 13-41
years) and the percentage of obesity (BMI = 25 mg/m?) was 40.2% (185/460).

We standardized all the symptomatic variables with different scales. The GAP
analysis generated two color graphics (Figure 1), including the correlation among 17
metabolic and 4 endocrine variables (symptom-dimension; Figure 1A), the clustering
pattern among 460 patients (patient-subgroup), and the correlation between the
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symptom-dimension and the patient-subgroup (Figure 1B). The color map in Figure 1A
revealed the proximity matrix of the between-symptom correlation coefficient for 21
symptomatic items. The extreme dark red color represents a correlation coefficient of 1
(positive correlation), white represents 0 (no correlation), and the extreme dark blue
color represents -1 (negative correlation). The dimensions of symptoms were designated
into two major categories (endocrine and metabolic measurements). As expected, there
was a strong positive correlation (dark red) between measurements of HOMA-IR, blood
pressure, anthropometric measurements, and lipid profiles, while HDL-C only had a
moderate positive relationship (red) with total cholesterol and revealed a negative
relationship (blue) with all the other metabolic measurements. The LH level revealed a
strong negative correlation (dark blue) with anthropometric measurements.

In Figure 1B, the relationship structure of 460 patients according to the level on
the 21 symptomatic measurements was analyzed and plotted in the matrix map. Each
patient was shown as a stripe with a color representing the relative severity of
symptomatic expression, with red indicating an expression above average, blue
indicating an expression less than average, and white representing the mean expression.
To ascertain whether or not there is a specific endocrine or metabolic signature
corresponding to each subgroup of different PCOS phenotypes, we performed a GAP
clustering tree. The patients were clustered into four distinct phenotypic subgroups
based on the correlation of four endocrine characteristics (FSH, LH, FAI and DHEA-S
levels) that the patients with higher correlation between these four endocrine variables
will be located more closely on the clustering tree. For example, the patients in the
cluster 1 exhibited a higher FSH and/or LH level (red-color stripes on the FSH and/or
LH column) and lower FALI level (blue-color stripes on the FAI column), therefore they
were clustered together, and the corresponding stripes of the metabolic variables were
blue color, indicating a relative lower value of the metabolic measurements. In contrast,
the patients in the cluster 4 exhibited higher FAI level (red stripes on the FAI column)
and therefore were grouped together. And the corresponding metabolic measurements
obviously had higher values that most of the stripes of the metabolic variables were
red-colored. In the end, each resulting subgroup exhibited a different risk of metabolic
aberration (Figures 1B and 2).

The anthropometric characteristics, and hormonal and metabolic profiles of the
four different clusters derived from the GAP analysis are listed in Table 2. There was no
significant difference in the age, height, and total cholesterol level between the clusters.
Cluster 4 (N=57) had the highest mean FAI and total testosterone level, and presented
with the most severe metabolic aberration, including IR, elevated liver enzymes,
dyslipidemia, and elevated blood pressure. Cluster 1 (N=204) was characterized by low

FAI, but a relatively high mean LH levels. It also represented the most favorable
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metabolic outcomes, which had significantly lower mean glucose, insulin, HOMA-IR,
uric acid, and TG levels, and higher HDL-C levels.

The prevalence of MS in the four clusters and the corresponding number of
fulfilled criteria items are shown in Figure 2. The mean prevalence of MS in our study
population was 19.3% (89/460) and there were significant differences between clusters
(P<0.0001). Cluster 1 had a significantly lower prevalence of MS (7%), while cluster 2
and 4 had the higher prevalence of MS. Although cluster 2 had a relatively lower mean
total testosterone and FAI level, the risk of MS was still high (30%).

The prevalence of different PCOS features and four phenotypic subgroups of
Rotterdam criteria in each cluster were shown in Table 3. Since most of the patients in
our study population were full-blown Rotterdam phenotype (67.6%), it remained the
largest proportion in each cluster. However, the cluster 4, in which nearly half of the
patients had MS, had significantly largest proportion of the full-blown Rotterdam
phenotype (94.7%) and no any non-hyperandrogenic Rotterdam phenotype within it.

Figure 3 showed the proportion of each cluster in different phenotypic
subgroups of Rotterdam criteria. Although there were significantly more cases of cluster
4 in the full-blown phenotype, only 17.4% of cases with full-blown phenotype were
cluster 4. And the cluster 1 to 3 distributed equally within each Rotterdam phenotypes.
Therefore the definition of specific Rotterdam subgroup could not be indicative of a
specific cluster. Other potential characteristics that might be more indicative of a
specific cluster were shown in Figure 4. There was a higher proportion of cluster 4 in
the patients with hyperandrogenemia or obesity. Besides, the most indicative phenotype
to cluster 1 was higher LH level. Ninety-five percent of the patients who had a serum
LH level higher than 15mIU/ml (the 75th percentile of our study population) were
cluster 1, which corresponded to the lowest risk of MS.

There was no significant difference in the prevalence of MS amongst different
phenotypic subgroups of Rotterdam criteria (P=0.317) and amongst different diagnostic
criteria (P=0.981; Table 4).

Study 2: Increased platelet factor 4 and aberrant permeability of follicular fluid
in PCOS.

Baseline characteristics of participants
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From 2014-2015, a total of 13 patients with anovulatory PCOS and 11 ovulatory
controls were recruited. Almost every participant used antagonist protocol and only one
patient in the control group used long protocol. The baseline characteristics and the
outcomes of IVF therapy are shown in Table 5. The two groups were similar with
respect to age, body mass index (BMI), percentage of nulliparas, and baseline FSH
concentration. In contrast to the normal mean cycle length in the control group, every
patient in the PCOS group was oligomenorrhea and the average interval between
menstrual cycles was nearly 3 months. Approximately half of patients (7/13) in the
PCOS group had biochemical and/or clinical HA. Among them, 3 patients exhibited
biochemical hyperandrogenemia only, 2 patients exhibited both biochemical and clinical
HA, and 2 patients exhibited clinical HA only. There was significantly higher serum LH
concentration in the PCOS group. There were no significant difference in the
characteristics and outcomes of IVF therapy between two groups with respect to the
total dose of gonadotropin, the duration of COS, the serum estradiol and progesterone
concentration on the day of oocyte triggering, the number of retrieved oocytes, the
number of mature metaphase 11 (MII) oocytes, and the fertilization rate.

HUVEC monolayer permeability assay

To elucidate the influence of FF from the PCOS and control groups on
endothelial cell permeability, a HUVEC monolayer was exposed to the FF with the
addition of HRP molecules (Figure 5). The relative permeability was significantly less
when induced by the FF from the PCOS group (46% + 12% in the PCOS group [n=11]
vs. 58% * 9% in the control group [n=9], P=0.023).

Human angiogenesis array

Human angiogenesis array analysis was applied to determine which component
within the FF might cause permeability changes (Table 6 and Figure 6). Among the 55
proteins tested, there was only 1 protein (PF4) that had significantly different signal
values between the two groups (P=0.004; Figure 6A). A significantly higher level of
PF4 existed in the FF of patients with PCOS. Further confirmation with an EIA also
revealed a significantly higher concentration of PF4 within the FF of the PCOS group
(51.6 = 14.3 ng/ml in the PCOS group vs. 35.7 £ 3.8 ng/ml in the control group,
P=0.013; Figure 6B).
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PF4 and endothelial cell permeability

To further elucidate the causal relationship between PF4 and endothelial cell
permeability, we added rhPF4 to the control group FF in the HUVEC assay, and the
resulting endothelial cell permeability decreased significantly (Figure 7A).
Immunohistochemical staining revealed significantly decreased amounts of intercellular
gaps between HUVECs after the addition of rhPF4 to the FF (Figure 7B). This finding
provided clear and direct evidence that PF4 is responsible for the poor permeabilizing
effect of FF from PCOS patients.

Interleukin-8/PF4 protein complex in the FF

Our previous research (Chen et al., 2010) has confirmed that intra-follicular
angiogenic chemokines, such as IL-8 and VEGF, can enhance endothelial permeability
and might play major roles in the pathogenesis of OHSS. Dudek et al.(2003) suggested
that PF4 binds IL-8 with high affinity and blocks IL-8-mediated activation of
hematopoiesis. To clarify this phenomenon, FF from the control and PCOS groups were
subjected to the PF4/IL-8 protein complex in immunoprecipitation and immunoblotting
assay, which revealed that the PF4/IL-8 protein complex exists in FF from both the
PCOS and control groups (Figure 8A). Quantitative analysis demonstrated that the
amount of IL-8 and PF4 in the PCOS group was significantly higher than the control
group (Figure 8B). Because intercellular gap formation is one of the critical
determinants of endothelial cell permeability, a confluent endothelial monolayer was
treated with rhPF4 or rhPF4/rhIL-8 to confirm the anti-permeability effect of PF4 and
the intercellular gap formation was determined by phalloidin staining. The results
revealed that rhIL-8 induced the formation of intercellular gaps; however, the gaps were
alleviated in the rhPF4+rhIL-8 group (Figure 8C). In the HUVEC monolayer
permeability assay, rhIL-8-induced relative permeability was indeed blocked by the
addition of rhPF4 (Figure 8D).

Taken together, our results proved the presence of the PF-4/1L-8 protein complex
within human FF, and there was a higher amount of PF-4/IL-8 protein complex in the
FF from the PCOS group than the control group. Furthermore, the presence of PF-4
could induce an anti-permeability effect on the endothelial cells through
down-regulating the formation of intercellular gaps and antagonistic binding with IL-8
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(Figure 9).

Study 3: Hyperactive CREB signaling pathway involved in the pathogenesis of
polycystic ovarian syndrome revealed by patient-specific induced pluripotent stem

cell modeling.

Generation and characteristics of iPSC from the women with and without PCOS

Dermal fibroblasts obtained from the women with and without PCOS were
reprogrammed using origin of replication/Epstein-Barr virus nuclear antigen-1
(ori/EBNA-1)-based episomal vectors carrying OCT4, SOX2, LIN28, KLF4, and
c-MYC. Additional factors such as p53shRNA, miR302, and miR367 in the episomal
system were used to overcome barriers associated with reprogramming and enhance
reprogramming efficiencies. The timeline and culture conditions of the experiment are
shown in Figure 10A. The iPSC colonies were formed and selected over the course of
20-25 days based on their morphological characteristics as small round cells growing in
clusters with clear ages similar to ESC colonies (Figure 10B). Among a total of 11 iPSC
cell lines derived from 2 PCOS women and 2 control women, we selected a colony that
was most stable during culture from each patient for the subsequent differentiation
studies (iNFB1-1 and iNFB3-3 for the controls and iPFB1-3 and iPFB3-1 for the PCOS).
All of the iPSCs had a normal chromosome pattern of 44+XX by array CGH analysis
(Figure 11).

Pluripotency and differentiation validation of iPSC from the women with and
without PCOS

A total of 4 established iPSCs were analyzed for alkaline phosphatase activity
demonstrating the undifferentiated and pluripotent potential of the iPSCs derived from
the women with and without PCOS (Figure 12). Using immunofluorescence staining,
both PCOS-iPSC (iPFB) and non-PCOS-iPSC (iNFB) had a positive presence of
pluripotency-associated transcription factors and membrane markers including NANOG,
OCT-4, SSEA-4, and TRA-1-60 (Figure 13). All of the established iPSCs were tested
via RT-PCR for self-renewal genetic markers to determine the expression of DNMT3B,
LCK, NANOG, OCT4, SOX2, GDF3, c-MYC, DPPAS5, and TERT (Figure 14). Human
ESC (hESC) line NTUL was used as a positive control in the studies. No significant
differences were discerned among all of the iPSC lines in terms of their expression of
pluripotency markers.
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To examine the in vitro differentiation potential, the iPSCs were suspended for
embryonic body (EB) formation and all 4 formed well-shaped EBs (Figure 15A). After
re-plating the EBs onto culture dishes and culturing in ESC culture medium, the cells
appeared to differentiate into cells with varied morphology. The resulting cells were
analyzed using RT-PCR for markers characteristic of the three germ layers. A gRT-PCR
analysis was performed to detect the expression of zinc finger and BTB domain
containing 16 (ZBTB16) to detect the differentiated cells of the ectoderm, the
expression of alpha-fetoprotein (AFP) to detect the differentiated cells of the endoderm,
and the expression of cadherin 5 (CDH5) as the mesoderm marker (Figure 15B). To test
the differentiation potential of the iPSCs’ in vivo developmental propensity, we injected
undifferentiated PCOS iPSCs and non-PCOS iPSCs into NOD-SCID mice and
examined the formation of teratomas and cells containing all three embryonic germ
layers (Figure 16). Tissue sections of the teratomas derived from the patients with and
without PCOS by HE staining showed differentiated derivatives of ectodermal,
mesodermal, and endodermal lineage, such as neuroepithelium, pigmented epithelium,
retina-like structure, and squamous epithelium for ectoderm; adipose tissue, hyaline
cartilage, and myxoid connective tissue for mesoderm; and glandular epithelium for
endoderm (Figure 16). There was no discernible difference between the iPSCs derived
from the women with and without PCOS regarding the ability to form teratomas. These
findings indicated that the 2 PCOS-iPSCs and 2 non-PCOS iPSCs had been
reprogrammed into a pluripotent state and possessed the ability for differentiation.

Characterization of the PCOS- and non-PCOS iPSC-derived granulosa cells

The four established iPSCs were successfully differentiated into cells with the
function and characterization of ovarian GCs. The differentiated PCOS and non-PCOS
IPSCs were collected on days O(undifferentiated), 6, 9, and 12 to examine
GC-associated genes, including FOXL2, AMH, FSHR, LHR, AMHR2, and CYP19A
(Figure 17A-F). The expression of FOXL2, AMH, FSHR, AMHR2, and CYP19A was
low or absent on day O (undifferentiated iPSCs), but became significantly detectable
after day 6 of culture, when the expression of pluripotency gene OCT4 decreased
concomitantly (Figure 17G). The expression of LHR was not different among the
differentiation time points compared to the undifferentiated iPSCs. Comparisons
between the PCOS and control groups at each differentiation time point did not reveal
significant differences (Figure 17A-G). However, there were still trends of higher
expression of AMH, AMHR2, OCT4, FSHR, and LHR and lower expression of FOXL2
in the PCOS group. The expression of concordant genes in the aspirated adult GCs did
not reveal significant differences between the PCOS and control groups (data not
shown). However, a trend of higher expression of AMHR2 (fold change (FC): 2.7),

LHR (FC: 1.87), CYP19A1 (FC: 11.27), FOXL2 (FC: 2.4) genes was noted in the
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PCOS group compared to the control group (Figure 18).

Flow cytometry analyses were performed to identify the differentiated GCs
using GC-specific markers including CYP19A1, FSHR, and AMHR in the PCOS and
non-PCOS iPSC-derived GCs after 12 days of culture. There was no significant
difference in the yield rate of the differentiated GCs between the PCOS- and
non-PCOS-derived iPSCs (Figure 19). The aromatase (CYP19A1) activity assay was
used to investigate the conversion ability of testosterone to estradiol in the differentiated
GCs derived from the iPSCs (Figure 20). In this functional study, the estradiol levels
significantly increased after testosterone treatment in both the PCOS and non-PCOS
IPSC-derived GCs, consistent with our previously established ESC-derived GCs (H9)
(Lan et al., 2013) and GCs derived from oocyte retrieval in women who were receiving
IVF treatment. The latter two cells were used as positive controls in this study.

Comparative methylomic analysis revealed a common hyperactive CREB pathway
in the primary adult GCs and iPSC-derived GCs

A genome-wide DNA methylation analysis was conducted to compare the
methylation profiles between the PCOS and non-PCOS women in the iPSC-derived
GCs and primary adult GCs. The adult GCs were retrieved from 11 patients with PCOS
and 4 non-PCOS women (anthropometric and biochemical characteristics are shown in
Table 7). A total of 13,326 probes (1.5%, 13,326/866,895) with missing beta values
were eliminated from the raw data of the patients” GCs and 3,703 probes (0.4%) and
were filtered from the day 12 iPSC-derived GC data, leaving a total of 853,569 and
863,192 probes for analysis, respectively.

A change in the signal value by >2.5-fold was the threshold for a differentially
methylated region (DMR), and an enrichment pathway analysis was performed using
MetaCore. A total of 472 DMR-located genes (from 796 probes) in the primary adult
GCs and a total of 3,682 DMR-located genes (from 10,038 probes) in the iPSC-derived
GCs were added for pathway analysis. The top 10 enriched canonical pathway maps of
the DMR-located genes are listed in Table 8. The categories of these enriched pathways
in the methylomic analysis of the iPSC-derived GCs included cytoskeletal remodeling,
cell adhesion, neurophysiological processes, signal transduction, transcription, and
development. The most commonly appeared network objects in the methylomic analysis
of the primary adult GCs were protein kinase C (PKC), protein kinase A (PKA), and
phosphatidylinositol-3 kinase (PI3K), which were linked to many regulatory pathways
in the MetaCore analytical database, such as the thromboxane A2 signaling pathway,
CREB signaling pathway, nociceptin receptor signaling pathway, oxidative stress, and

proinsulin C-peptide signaling. When we compared the results of the methylation array
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in the primary adult GCs and iPSC-derived GCs, only the CREB signaling pathway was
commonly preserved in the top 10 enriched pathway maps in both datasets. This should
increase the functional significance of this signaling pathway, and therefore further
validation of the involved molecules was performed. The datasets from both
experiments also underwent IPA (Table 9), and a beta value >0.25 was indicative of
DMRs. The overlapping top toxicological pathways included NRF2-mediated oxidative
stress response and PPAR/RXR activation in the two experiments.

A principle component analysis of the entire DNA methylation level revealed
distinct distributions between the PCOS and non-PCOS groups (Figure 21A). The
hierarchical clustering analysis (heatmap) of the 115 differentially methylated genes is
shown in Figure 21B. In general, the DMR-located genes tended to be more
hypomethylated (yellow bar) in the PCOS group compared with the control group. A
Venn diagram of the DMR-located genes between the day 12 iPSC-derived GCs and the
primary adult GCs revealed 37 overlapping genes (Figure 21C). A list of the
overlapping genes is documented in Table 10. The differentially methylated probes were
both hypermethylated in 10 genes, both hypomethylated in 8 genes, and one
hypermethylated and one hypomethylated in the remaining 19 genes. The number of
hypermethylated and hypomethylated DMRs in relation to the nearest gene regions
between the PCOS and the control group in the primary adult GCs and iPSC-derived
GCs is shown in Figure 22. Both the hyper- and hypomethylated gene regions were
located in all of the gene regions. There was a significantly higher enrichment of the
hypermethylated gene regions located in the TSS200 (the region from the transcription
start site [TSS] to 200 nt upstream of the TSS, P<0.0001) and the 5’UTR (untranslated
region, P=0.025) than the hypomethylated gene regions in the primary adult GCs.

Validation of the overexpressed CREB/CBP in both the primary adult GCs and
iPSC-derived GCs in the women with PCOS

Further quantitative validation of CREB and CREB binding protein (CBP)
among the ovarian GCs was conducted on a separate cohort of five PCOS and four
control subjects (Figure 23A and 23B). The expression of CBP proteins was
significantly higher in the adult GCs from the PCOS patients (P=0.027). Higher
expression of CREB protein was also observed in the PCOS group, although statistical
significance was not reached, possibly due to a limited case number. The unchopped
raw gels are shown in Figure 24. The expression level of CBP mRNA was also
significantly higher from the 12-day iPSC-derived GCs in the PCOS group (Figure
23C) .

Study 4: Circulatory miRNAs as prediction models for the diagnosis of PCOS and
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the therapeutic effects of metformin.

(1) PCOS v.s. Control group

First, we compare the miRNA expression level between 75 PCOS patients and
20 control subjects. The characteristics of PCOS patients and control subjects were
listed in Table 11. As we expected, there were significant differences in many hormonal
and metabolic parameters. The PCOS group had a significantly high BMI, larger waist
and hip circumference, higher serum testosterone level and LH level, higher LDL and
uric acid level. There was no difference in age, baseline FSH level, insulin and glucose
level.

The free miRNA expression level in plasma was quantified by qPCR. Initially
we aimed to perform the miRNA microarray. However, after considering the cost we
decided to choose targeted miRNA from the literatures. Seven miRNAs (miR-21,
miR-93, miR-132, miR-193, miR-221, miR-222, miR-223) which had been reported to
be related with glucose metabolism or diabetes and another seven miRNAs (miR-27a,
miR-125b, miR-200b, miR-212, miR-320a, miR-429, miR-483) which had been
reported to be related to ovarian and pituitary function were chosen. The plasma level of
these circulating free miRNAs in the PCOS and control group are shown in the Table 12.
The expression level of miR-93, miR-132, mR-221, miR-223, miR-27a and miR-212
were significantly higher and the level of miR-222 and miR-320a were significantly
lower in the PCOS group.

The next step we established the prediction model for the diagnosis of PCOS
according to the ROC curve of individualized miRNA. The diagnostic model of PCOS
was as followed: Y = log (p/(1-p)) = 0.00148 — 10.8903 * miR-93 + 28.6881 * miR-132
- 48.8523 * miR-222 + 2.4562 * miR-27a + 2.1320 * miR-125b + 18.2793 * miR- 212.
The AUC of our model was as high as 0.959 (95% ClIl: 0.924-0.995) and this
suggested an excellent accurary of our prediction model (Table 15, Figure 25).

(2) Metformin-effective and metformin ineffective group

We recruited and analyzed 37 metformin-effective PCOS patients and 38
metformin ineffective patients in this part of the study. Table 13 showed the
characteristics of patients in these two groups. There wasn’t significant difference in
nearly every characteristic except the interval of menstrual cycle. The interval was
significantly longer in the metformin-ineffective group. And then we analyzed and
compared the serum level of 14 selected miRNAs between two groups (Table 14). The
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expression levels of circulating miR-27a, miR-93 and miR-222 were significantly
higher in the metformin-ineffective group.

The next step we established the prediction model for the therapeutic effects of
metformin according to the ROC curve of individualized miRNA (Table 16, Figure 26).
The prediction model was as followed: Y = log (p/(1-p)) = -1.8255 + 4.1106 * miR-93 +
18.0284 * miR-222 - 0.1152 * miR-223 + 145.8 * miR-429- The AUC of our model was
0.722 (95% CI: 0.602-0.841) and this suggested a good accurary of our model. We
added four clinical parameters in our model to see whether the prediction accurary
could be improved. The adjusted model was as followed: Y = log (p/(1-p)) = -2.0454
+0.0242 * age (years) + 0.0219 * BMI (Kg/m?) + 0.1168 * hyperandrogenism (0 or
1) - 0.00689 * interval of menstrual cycle (days) + 3.6416 * miR-93 + 25.4973 *
miR-222 - 0.1253 * miR-223 + 163.0 * miR-429- The AUC of the adjusted model was
0.807 (95% CI: 0.704-0.909). The accurary seemed improved however the difference
didn’t reach statistical significance. The efficacy of our model was validated on a
separate cohort of 71 PCOS patients, including 40 metformin-effective patients and
31 metformin-ineffective patients. The sensitivity and specificity of the first model
with only miRNA level was 70% and 61%. The sensitivity and specificity of the
second adjusted model with both clinical parameters and miRNA level was 98% and
35%.

(3) Gene ontology pathway analysis and miRNA target network analysis

Go pathway analysis was miRNA target network analysis was performed on the
most discrimitive miRNAs in our models, including miR-132, miR-27a, miR-222,
miR-93. The targets genes of these miRNAs were enriched mainly in the cellular
metabolism pathways (Table 17-20).

DISCUSSION

Study 1: Symptom patterns and phenotypic subgrouping of women with polycystic
ovary syndrome: association between endocrine characteristics and metabolic
aberrations.

In this study we applied a powerful graphical analytical tool (GAP method) to
determine symptoms correlation directly from data. GAP analysis is a dimension-free
statistical visualization method which is different from the conventional graphic tools;

129

doi:10.6342/NTU202000313



specifically, all information is preserved in the final output. GAP analysis also has the
advantage of providing direct visual perception for exploring information structures that
are embedded within a massive and complex data set (Wu et al., 2008). Since PCOS
comprises a population with highly heterogeneous phenotypes, it is important to
evaluate the patients individually with composite features and to improve their
long-term outcomes with personalized screening and treatment strategy (Orio and
Palomba, 2013). Some authors emphasized the phenotypes of clinical HA such as
hirsutism and alopecia (Legro et al., 2013), while others highlighted the effect of
obesity toward metabolic aberrations (Azziz et al., 2009). Previous studies have
suggested that patients with the NIH phenotype (HA and AO, with or without PCOM)
have a higher prevalence of IR (Carmina et al., 2005; Diamanti-Kandarakis and Panidis,
2007; Moghetti et al., 2013) or MS (Moran and Teede, 2009; Wild et al., 2012) than the
ovulatory and non-hyperandrogenic phenotype. In the current study, however, there was
no significant difference in the prevalence of MS between these phenotypic subgroups.
One of the reasons might be a lower prevalence of MS in our study population (19.3%),
compared with other studies performed in Caucasian PCOS population (33% to 47%);
Wild et al., 2012) and more cases might be needed to reveal a between-subgroup
difference. Another possible explanation might be the limitation of traditional PCOS
features to identity the metabolically unhealthy PCOS patients. Therefore a combination
of four endocrine characteristics (FAI, DHEA-S, FSH, LH) was applied in the
patient-clustering in our study. And the results showed that not only the endocrine
characteristics had a distinct pattern in each cluster, the corresponding metabolic
features also had significant difference.

A number of studies have suggested that androgen excess is a key factor
resulting in an unfavorable metabolic state, including central obesity, IR, and
dyslipidemia (Kauffman et al., 2002; Lerchbaum et al., 2010; Barber and Franks, 2013).
In animal studies, testosterone can induce IR by directly altering insulin action in
adipose and skeletal muscle tissues, or enhancing visceral adiposity (Manneras et al.,
2007). In contrast, suppression of the androgen level with anti-androgenic medications
or gonadotropin-releasing hormone (GnRH) in women with PCOS results in significant
improvement in insulin sensitivity (EIkind-Hirsch et al., 1993; Moghetti et al., 1996).
However, in our clusters the positive correlation did not exist universally. Although the
cluster 4, which had the highest prevalence of MS, did have a high FAI level, another
cluster (cluster 2) with a low FAI level also presented with high prevalence of MS. It
was in concordance with previous studies that the risk of metabolic aberrations in PCOS
could not be predicted solely by androgen bioactivity., A common endocrine
characteristic within cluster 2 and 4 was a significantly lower LH level. Besides, a
cluster of extremely low metabolic risks was identified. The prevalence of MS in cluster

1 was only 7% which was significantly lower than the average risk (19%) in our study
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and was also lower than the prevalence reported in previous studies (7.1~41.6% of
PCOS patients) (Goverde et al., 2009). In addition, the prevalence was even similar
with the risk of MS in the general Chinese population of comparable gender and age
(5.2% [182/3470]) (Li et al., 2010). This result suggested that nearly half of the study
population (204/460), who were clustered into cluster 1, might not be necessary to be
screened for metabolic aberrations. And a high LH level (=15 mlU/ml) was found to be
a best indicator of this metabolically healthy cluster that 95% of these patients were
cluster 1 (Figure 4).

Altered pituitary gonadotropin secretion, including an elevated mean LH serum
concentration, increased LH-to-FSH ratio, increased LH pulse frequency, and increased
LH response to gonadotropin have all been considered to be characteristics of PCOS
(Taylor et al., 1997; Lawson et al., 2008; Diamanti-Kandarakis and Dunaif, 2012).
Although altered gonadotropin secretion has been widely proposed to be part of the
pathogenesis of PCOS (Ehrmann et al., 2005), neither absolute circulating LH level nor
LH-to-FSH ratio was suggested by the Rotterdam consensus panel to constitute the
diagnostic criteria. Because the serum LH concentration fluctuated and could be
influenced by many factors, such as recent ovulation, BMI, and even the assay system
used (Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group, 2004).
However, racial or geographic variations of the endocrine anomalies in PCOS were
reported by some studies that an abnormally high LH level was more prevalent and
significant than HA in Japanese PCOS women. Therefore high LH level or LH to FSH
ratio has been proposed to constitute part of the diagnostic criteria in Japan by Japanese
Society of Obstetrics and Gynecology since 2006 (Kubota, 2013). Although abnormal
LH secretion is important in pathophysiology, the metabolic impact of unusually high
serum LH level is still unclear. An inverse correlation between LH and insulin levels has
been reported based on the reduction in basal LH and LH responses to GnRH following
an insulin infusion (Taylor et al., 1997); however, this finding was not confirmed in
another study (Tosi et al., 2012). Prior studies have also proposed a negative
relationship between BMI and LH levels (Pagén et al., 2006; Lawson et al., 2008). In
the current study, however, the negative correlation between LH and the prevalence of
MS still reached statistical significance after excluding the confounding effect of BMI
(data not shown). Therefore more researches are needed to clarity how the LH level
influences the metabolic outcomes of PCOS patients.

Finally, which diagnostic criteria should be applied is still an ongoing debate.
Some researchers suggested that the non-hyperandrogenic phenotype from Rotterdam
criteria was metabolically favorable (Wild et al., 2010) and defining these women as
diseased individuals might unnecessarily increase their anxiety and health expenditure.

In the current study, there were no significant differences in the prevalence of MS
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between three major diagnostic criteria. Moreover, 19% (17/89) and 12% (11/89) of
PCOS patients with MS might not be diagnosed when applying NIH and AE-PCOS
criteria. Therefore, identifying more women at risk for metabolic disturbances with the
application of broader criteria, i.e., the Rotterdam criteria, might be beneficial.

The major limitation of our study is a lack of non-PCOS women as normal
control to validate the clinical utility of the clustering pattern and the associated
endocrine characteristics revealed by GAP analysis. And another possible limitation of
the generalizability of our results might be racial differences in the phenotypic
expression of PCOS, which had been frequently mentioned in the literatures (Zhao et al,.
2013). Legro et al. (2006) reported lighter PCOS phenotypes, including less degree of
hyperandrogenemia and smaller ovarian volume in Asian PCOS patients, compared
with Caucasian patients in the United States. But their results might be biased by a
relatively small case number of Asian patients during enrollment (only 2.7%, 17/626
patients). Another comparative study reported an opposite result that the Chinese had a
higher incidence of HA than Dutch Caucasian women with PCQOS, although the
hormone assay applied in these two ethnic populations were actually different (Guo et
al., 2012). Besides, many studies reported that the Asian women with PCOS were leaner
than other ethnic groups (Legro et al., 2006; Welt et al., 2006) and a looser criteria has
been already applied to define obesity (BMI1=25 in Asian; =30 in non-Asian) and MS
(WC =80cm in Asian; =88cm in non-Asian) in Asian women (Tan et al., 2004).
However, to which extent do the racial or ethnic differences influence the phenotypic
expression and metabolic outcome in PCOS population, and whether the adjustment of
criteria item can balance the impact of ethnic differences between separate studies, were
still unknown.

In conclusion, applying GAP analysis, PCOS patients were sorted into four distinct
clusters with significantly different metabolic risks. The endocrine parameter which had
strongest positive correlation with MS was FAI, while a high LH level during early
follicular phase was found to be the best indicator of the metabolically healthy cluster.
PCOS is a heterogeneous and complex disease, especially as defined by the Rotterdam
criteria. Stratifying women with PCOS into meaningful subtypes could provide a better
understanding of related risk factors and potentially enable the design and delivery of
more effective screening and treatment intervention.

Study 2: Increased platelet factor 4 and aberrant permeability of follicular fluid
in PCOS.
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This is the first work revealing that the FF from patients with PCOS induced
poor endothelial cell permeability and there were significantly higher level of PF4 and
PF4/IL-8 complex in the FF from PCOS patients. The anti-permeabilizing effect of the
FF from PCOS patients was caused by intra-follicular PF4, and could be reversed by
blocking the function of PF4, further adding direct evidence of its biological role in
reducing endothelial cell permeability.

PF4, also called CXC chemokine ligand 4 (CXCL4), is a CXC-chemokine
which is best known for its anti-angiogenic effect (Aidoudi and Bikfalvi, 2010). PF4
was initially thought to be predominantly synthesized in megakaryocytes and released
upon platelet activation, such as vessel wall injury (Aidoudi and Bikfalvi, 2010, Eslin et
al., 2004). More and more evidence suggested that other cell types, such as smooth
muscle cells, microglia, macrophages, or T cells, also expressed PF4 (Kasper et al.,
2010). The physiologic function of “non-platelet PF4” is awaiting determination and
may be related to the specific tissue where it is localized (Vandercappellen et al., 2011).
Besides the angiostatic effect, PF4 was also shown to play an important role in the
direct regulation of several other cellular functions, such as megakaryopoiesis,
thrombosis, immune modulation, chronic inflammation, and atherosclerosis (Kasper et
al., 2010; Vandercappellen et al., 2011; Gonza'lez et al., 2012). Because our FF samples
were only collected from the first follicle, which was aspirated nearly simultaneously
during needle insertion, it was unlikely that the intra-follicular PF4 was produced
secondary to the vessel injury during oocyte retrieval. One possible explanation is that
chronic low-grade inflammation has been proposed to play an important role in the
pathogenesis of PCOS (Gonza’'lez et al., 2014). In patients with PCOS, both insulin
resistance and androgen excess contribute to the increased sensitivity and activity of
mononuclear cells, further activating the reactive oxygen species (ROS) system and
producing pro-inflammatory cytokines, such as tumor necrosis factor-a (TNF-o) and
interleukin-6 [IL-6] (Kasper et al., 2011; Gonza'lez et al., 2014). It has been
demonstrated that PF-4 can induce monocyte activation, namely PF-4-mediated ROS
formation, and the expression of TNF-o(Kasper et al., 2011). Therefore, PF4 might
participate, at least in part, in the inflammatory process of PCOS, whether being
induced or actively aggravated. Additional studies are needed to confirm the exact
origin and specific biological function of intra-follicular PF4.

In the current study, the FF from PCOS patients was shown to induce a
significantly poorer permeabilizing effect towards the adjacent endothelial cells.
Although the in vivo effect remains to be clarified, it is reasonable to assume that
dysregulated permeability of the ovarian follicles might exert a negative impact on
folliculogenesis, and even ovulation, considering that the timing of FF collection was

33-35 h after oocyte triggering. The growth of follicles is a complex dynamic process
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which is constituted by many physiologic and cellular events, such as enlargement of
the oocytes, replication of granulosa-theca cells, accumulation of FF, and expansion of
the central follicular antrum (Rodgers et al., 2010). The growth and differentiation of
reproductive tissues has been shown to be regulated by the fibroblast growth factor
(FGF) family (Price et al., 2016). The most studied member of the FGF family, FGF-2,
has been shown to promote the proliferation of granulosa cells and to decrease apoptosis
and steroidogenesis in several in vitro studies (Lavranos et al., 1994; Vernon et al.,
1994). PF4 can directly bind and suppress the function of FGF-2 and further inhibit
endothelial cell proliferation and migration (Wang et al., 2013). It is therefore possible
that PF4 may impair the growth of follicles by antagonistic binding with FGF-2 to
inhibit granulosa cell proliferation. The down-regulation of FGF-2 might also promote
steroidogenesis of granulosa cells, i.e., increased estradiol and progesterone production
under FSH stimulation, which is also an important pathophysiologic feature of PCOS
(Franks et al., 2003). Therefore, the results of our study provided a possible link
between PF4 and abnormal follicular growth and steroidogenesis in this complex
disease.

Based on the results of immunohistochemical staining in the present study, the
anti-permeability effect of PF4 might be caused by promoting endothelial cell-cell
adhesion. The platelet factor 4 variant (PF4var), which differs from PF4 in three
carboxyl terminal amino acids, has been identified to share a similar biological function,
such as anti-angiogenesis with even stronger potency (Struyf et al., 2004). In a previous
study involving diabetic rats, Abu et al.(2015) reported that PF4var significantly
increased the expression of the adherens junction protein, VE-cadherin, and the tight
junction protein, occluding, in retinal cells, further decreasing retinal vascular
permeability. In the current study, administration of PF4 was also shown to eliminate
the intercellular gap and to enhance the adhesiveness of endothelial cells, further
inducing an inhibitory effect on the permeability within the ovarian follicles and the
aberrant formation of FF, which was a critical process in folliculogenesis.

Interestingly, in the current study the angiostatic PF4 in the FF was shown to
constitute a protein complex with IL-8, a strong angiogenic factor that has been
confirmed to functionally enhance the multi-step processes of angiogenesis, such as
migration, permeability, and proliferation of endothelial cells (Chen et al., 2008). IL-8
has also been proposed to play a major role in inducing endothelial hyperpermeability in
patients with OHSS (Chen et al., 2010). There was a significantly higher expression of
PF4/IL-8 protein complex in the FF of PCOS patients compared with ovulatory controls.
Therefore, the anti-permeability effect of PF4 might come from antagonistic binding
with IL-8 to inhibit the downstream simulation effect on endothelial cell permeability.

Previously, Dudek et al. (2003) reported that PF4 can bind IL-8 with high affinity and
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block IL-8—dependent signaling in CD34+ human hematopoietic progenitors. Both IL-8
and VEGF have been shown to be inhibited from binding with VEGF receptor on
endothelial cell by PF4, therefore causing a down-regulation of VEGF-induced
endothelial cell proliferation (Gengrinovitch et al., 1995). The inhibitory effect of PF4
on other angiogenic proteins might also occur in the FF and result in dysregulation of
intra-follicular permeability and dysfunction and poor growth of surrounding follicular
cells (i.e., granulosa cells).

Unlike previous studies (Agrawal et al., 2002; Artini et al., 2009) that showed a
significantly higher level of VEGF in the FF of PCOS patients, there was no difference
in the intra-follicular level of VEGF and other angiogenesis-related proteins between
the two groups in the current study, except a significantly higher PF4 concentration in
the PCOS group. One of the explanations might be the inclusion criteria that only the
normo-ovulatory patients with good response to ovarian stimulation were recruited as
our control group. We set this inclusion criteria because we wanted to eliminate the
confounding effect of the ovarian reserve on the ovarian angiogenesis. Therefore, there
was no significant difference in the baseline FSH level, number of retrieved oocytes,
number of mature oocytes, and fertilization rate between the PCOS and control groups.
In contrast, based on the work by Agrawal et al.(2002), the average number of retrieved
oocytes in PCOS patients was two-fold greater than the control group (26.9 + 4.5 vs.
13.2 = 2.3, p=0.001). In the study by Artini et al. (2009), although there was no
difference in the number of retrieved oocytes, the antral follicle count was significantly
higher in the PCOS group than the control group (37 £ 8 vs. 14 + 5, p<0.001). It might
be possible that these studies revealed a correlation between an increased intra-follicular
VEGF concentration and a better ovarian reserve instead of the actual mechanism of
disease underlying PCOS.

There were several limitations inherent in the current study. First, the
permeability test with the usage of HUVECs might not absolutely reflect the
intra-follicular environment and the in vivo intra-follicular permeability might be
regulated by a far more complex pattern. Besides, the causal relationship between the
aberration of intrafollicular PF4 and the abnormal folliculogenesis in PCOS is uncertain
based on current evidences and further in vivo studies will be needed. Second, although
the level of angiogenesis-related proteins and the degree of intra-follicular permeability
might change during different stages of folliculogenesis, the timing of FF collection was
limited to the pre-ovulatory phase in the current study, which might not reflect a
potential temporal change. Third, the regimens of COS and triggering agents were not
identical between individuals and this might affect the expression of ovarian cytokines.
However, a sensitivity test was performed to evaluate the possible effects of COS.

Almost every patient in our study used rFSH for COS and only one patient in the PCOS
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group used hMG. If we excluded the patient who used hMG for COS, the mean value of
PF4 concentration in FF (51.6 ng/ml v.s. 51.7 ng/ml, before and after exclusion) and the
relative permeability of FF (46.3% v.s. 46.8%, before and after exclusion) didn’t change
significantly. Also, there wasn’t statistically significant difference in the proportion of
the different triggering agents between two groups (p=0.408 by Fisher’s exact test).
Meanwhile, there weren’t significant differences in the average total dose of
gonadotropin and the mean serum level of estradiol on the triggering day between two
groups. Therefore the difference in the regimens of COS might not have significant
impact in our study. Interestingly, Cerrillo et al (2011) had proposed that the
intrafollicular VEGF concentration was significantly higher when using hCG as
triggering agent, thus provided a possible explanation of the risk of OHSS. However
they didn’t check PF4 concentration and the correlation between the PF4 with different
triggering agents merits further study.

In conclusion, our study provides the first evidence of the pathophysiologic
contribution of the well-known angiostatic protein, PF4, on human reproductive biology.
After controlling for patient age, BMI, and ovarian reserve, there was a significant
difference in the concentration of PF4 within the FF and the inducing permeability
between PCOS and control groups, possibly contributing to dysregulation of the
formation of FF and folliculogenesis. Further functional assays revealed a binding effect
between PF4 and another angiogenic protein, IL-8, inside the FF, suggesting that the
regulatory mechanism of PF4 might be the antagonistic combination with IL-8, at least
in part. These results not only reflect the pathologic condition in PCOS, but also
delineate the normal ovarian physiology involving intra-follicular permeability, the
formation of FF, and follicular growth. Further studies will be necessary to elucidate the
origin of increased PF4, the responsive cell types, and the downstream signaling
pathway. After accumulation of evidence from more studies, modulating ovarian
permeability and/or angiogenesis process might be another new therapeutic approach
for PCOS in the future.

Study 3: Hyperactive CREB signaling pathway involved in the pathogenesis of
polycystic ovarian syndrome revealed by patient-specific induced pluripotent stem

cell modeling.

The present study demonstrated the successful derivation of PCOS-specific iPSCs
from skin fibroblasts by applying non-viral episomal reprogramming and differentiating
the cells into ovarian GCs using a cocktail of growth factors as well as transient

enrichment of the intermediate plate mesodermal stage populations. The established
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PCOS-specific iIPSCs expressed pluripotency markers and possessed the ability of in
vitro and in vivo differentiation into three germ layers. We also successfully
differentiated iPSCs into GCs that could successfully express GC-associated genes and
aromatase activity after differentiation, thus demonstrating the reliability of the study
methodology. The PCOS-specific iPSCs may provide promising progress in the field of
disease modeling. This revolutionary technique was not only able to enable valuable
accessibility to various kinds of PCOS-relevant tissues and cells, but also directed the
cells back to their embryonic stage. This offers a significant opportunity to elucidate the
developmental origin of early onset complex diseases.

After reprogramming and re-differentiation, the iPSC-derived GCs retained many
characteristics and functions associated with ovarian GCs. There was no difference in
the pluripotency and differentiation potential between the iPSCs from the PCOS and
control groups. Although the case number was not large enough for a statistical
comparison, there seemed to be a trend showing that the iPSC-derived GCs from the
PCOS patients expressed higher levels of many GC-specific markers, such as AMH,
AMHR2, and FSHR, compared with the controls. Overexpression of AMH and AMHR2
in the GCs retrieved from stimulated follicles in the patients with PCOS was reported
and was thought to be related to abnormal folliculogenesis (Pellatt et al., 2007; Pierre et
al.,, 2017). The upregulation of FSHR expression in GCs was also reported
(Catteau-Jonard et al., 2008) and might explain the hyper-responsiveness of GC to FSH
stimulation in vivo in PCOS (Coffler et al., 2003). A trend of gradually increased
expression of several GC-associated genes (AMHR2, LHR, and CYP19A1) from
differentiation day 6 to day 12 in the iPSC-derived GCs from PCOS patients was noted
(Figure 18), and these genes also appeared to express higher in the PCOS group in the
aspirated adult GCs. This might reflect the concordant higher expression of certain
GC-associated genes in the PCOS patients both in the early differentiated cells and adult
cells, supporting the theory of early developmental origin of PCOS. The commonly
overexpressed genes that appeared in both the iPSC-derived GCs and adult GCs could
suggest that the GCs in PCOS might cause hormonal dysregulation during an early
embryonic stage and may not only be secondary to environmental or behavioral changes.
However, we cannot draw solid conclusions due to the absence of significance, which
might be due to the limited case number. Improving the yield rate and purity of the
IPSC-derived differentiated cells to achieve wider clinical application remains a further
challenge.

The etiology of PCOS remains unclear, and the iPSC model could be a valuable
tool in the discovery of disease mechanisms. The high occurrence rate among sisters
and monozygotic twins in women with PCOS implies the estimated heritability could be

as high as over 60% (Vink et al., 2006). Several genetic association studies have
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examined potential candidate genes in women with PCOS using familial clustering or
case-control designs but have not resulted in significant findings. Even genome-wide
association studies (GWAS) using a strong high throughput genetic screening method
have identified several genetic variants associated with PCOS (Shi et al., 2012; Day et
al., 2015; Hayes et al., 2015). These identified variants conferred only a relatively slight
incremental risk and explained a small proportion of familial clustering and were not
able to explain the strong heritability trait associated with PCOS. Epigenetics, defined
as heritable changes in gene expression without changing the underlying DNA
sequences, has been shown to be involved in the mechanism of a broad spectrum of
human diseases (Kirchner et al., 2013), such as cancer development,
neurodevelopmental disorders (Portela et al., 2010), autoimmune diseases, and
metabolic diseases including type 2 DM and obesity (Drong et al., 2012; Kirchner et al.,
2013). Many characteristics of epigenetic modifications in metabolic diseases are
aligned with the nature of PCOS that is not fully explained by DNA variants, including
the high heritability, flexibility, and dynamic nature, wvulnerability to in-utero
reprogramming, and postnatal environmental changes (Drong et al., 2012; Kirchner et
al., 2013; Li et al., 2016). Several genome-side DNA methylomic studies have shown
aberrant DNA methylation on different tissues, such as peripheral blood (Xu et al., 2010;
Shen et al., 2013), adipose tissue (Kokosar et al., 2016), and ovarian tissue (Yu et al.,
2015) in patients with PCOS. The results were inconsistent and it was difficult to make
direct comparisons since the DNA methylation profiles are cell- and tissue-specific.
Furthermore, the methodologies for DNA methylomic analysis and the definition of
DMRs were different between studies making it difficult to prove the causal relationship
of epigenetic aberration involved in the gene-environment interactions of complex
diseases.

We applied whole-genomic methylation analysis on the iPSC-derived and adult
GCs to assist in the discovery of disease mechanisms. A new generation high-density
methylation array, the lllumina 850K Infinium MethylationEPIC array, which covers an
additional 413,745 new CpG sites not included in the previous Illumina 450K
methylation array, was utilized (Moran et al., 2016). The disease-relevant phenotypes of
IPSC-derived GCs may provide some clues to the early pathogenic events during the
pre-symptomatic phase, which may be critical in multifactorial hereditary diseases
(Devine et al., 2017), while the phenotypes of adult ovarian GCs may represent late
pathogenic events. Interestingly, a commonly overexpressed CREB pathway in the
PCOS group was revealed by the DNA methylation array analysis in both the adult GCs
and iPSCs-derived GCs. Further validation via Western blotting and gRT-PCR also
confirmed the overexpressed CBP protein and mRNA in the primary adult GCs and
IPSC-derived GCs.
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CREB and its coactivator family members (for example, CBP) are well-known
for their critical roles in mediating the effects of energy homeostasis, such as glucose
and lipid metabolism (Altarejos et al., 2011). However, the contribution of a
dysregulated CREB pathway to the mechanism of PCOS has seldom been reported.
Severe ovarian cysts with hyperplastic theca-interstitial cells and higher levels of serum
testosterone were associated with the activating phosphorylation of CREB protein in a
mouse study (Restuccia et al., 2012). Various signaling pathways of major reproductive
hormones have also been found to be closely modulated by CREB activity. The
stimulatory action of LH/hCG on the theca-interstitial cells associated with cholesterol
uptake and androgen production could be inhibited by inhibiting CREB activity in vitro
(Towns et al., 2005; Restuccia et al., 2012). CBP knockout mice demonstrated disrupted
estrous cyclicity, reduced responsiveness to GnRH, and impaired fertility compared
with wild type controls (Miller et al., 2012). The CREB pathway is also a critical
signaling pathway for aromatase function (Lai et al., 2014) and interestingly, metformin
has been shown to have inhibitory effects on FSH-induced CREB activation and
downstream aromatase expression and activity in vitro (Rice et al., 2013). In summary,
the chronic activation of the CREB pathway could be involved in multiple pathogenic
mechanisms associated with PCOS, including hyperglycemia, insulin resistance and
compensatory hyperinsulinemia, adipose tissue inflammation, excess LH function, and
androgen production. Since PCOS has a heterogeneous and broad spectrum of various
reproductive and metabolic phenotypes, it is possible that pathogenic dysregulation
happens in a common upstream signaling pathway that involves both hormonal and
energy regulation. Our results demonstrated that dysregulation of DNA methylation
may be involved in the activation of the CREB pathway and may be present during both
the early and late developmental stages of PCOS phenotypes. Additional research will
be necessary to confirm the novelty of these preliminary results.

One previous study reported the genome-wide DNA methylation profiles in GCs
from PCOS and control subjects (Xu et al., 2016). However, the CREB pathway did not
appear in the top 10 canonical pathways in the study. This may be due to the GnRH long
protocol used, which has been shown to cause significantly lower protein kinase C
activity and aromatase activity in GCs than the GnRH antagonist protocol used in the
current study (Khalaf et al., 2010). The DNA methylation profiles of the iPSC-derived
GCs also demonstrated the dysregulated CREB pathway in the current study, which
could serve as an excellent model to further explore the function of patient-specific GCs
while avoiding the influence of controlled ovarian stimulation. There was no significant
difference in the age and BMI in the current PCOS and control subjects, which
eliminated the confounding effect of obesity or aging on the DNA methylation profiles.

In conclusion, the current study successfully established patient-specific iPSCs and
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re-differentiated GCs for the first time in the published literature. This could serve as a
valuable model to evaluate the pre-symptomatic pathogenic events in early cellular
differentiation and developmental status. The combination of DNA methylomic analysis
in the adult GCs and iPSC-derived GCs revealed several differentially methylated genes
and differentially expressed pathways between the PCOS and control groups, and a
preserved persistent hyperactivation of the CREB signaling pathway might be involved
in the pathogenesis of PCOS. However, further validation in a larger cohort is necessary.
CREB and its co-activators are known to be critical sensors for both hormonal and
metabolic signals, and it is possible that the aberration of the CREB signaling pathway
could be related to complex hormonal and metabolic disorders such as PCOS. These
results could have implications on the early developmental origin, familial nature, and
environmental interaction effects of this disease, providing possible therapeutic targets
in the future.

Study 4: Circulatory miRNAs as prediction models for the diagnosis of PCOS and
the therapeutic effects of metformin.

We successfully recruited 75 PCOS and 20 control patients for plasma free miRNA
analysis. Totally 14 targeted miRNA which were reported to be associated with glucose
metabolism, insulin resistance, diabetes, ovarian or pituitary function were selected
from literatures. The expression level of several miRNAs was statistically different
between PCOS and control. And we also established a diagnostic model for the
prediction of PCOS with excellent accurary. This could help clinical diagnosis and
further valiated on a separate cohort is necessary.

Later, we compared the pattern of plasma free miRNA expression between the
metformin-effective and metformin-ineffective PCOS patients. According to previous
researches, metformin was only recommended for PCOS patients with insulin resistance.
However 50% of PCOS patients did recover spontaneous ovulation after metformin
treatment even though they didn’t show insulin resistance. And so far there was no
effective method to select which subgroup of PCOS patients will respond to metformin
treatment. About 50% of PCOS patients might receive two years of ineffective
metformin treatment and suffered from the frequent gastrointestinal side effects
unnecessarily. Our results did showed exciting finding that several miRNAs expressed
differentially between metformin-effective and metformin-ineffective PCOS patients.
We also established a prediction model for the therapeutic response of metformin and
the model were successfully validated on another separate PCOS cohort. Our result
might also be served as one of the missing puzzles that what’s the underlying
pathophysiology that metformin could improve ovulation.
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GAPDH * ¥ ¥ 72k #] (housekeeping gene) - *£& & 4 it 12 iPSC 4p v+ P <0.05 -
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Bl ~ vt ip M AT A F PR g e ol B EdA RE o U
BELRE 132 E S P rPinpiHeiRE i RBeNSE (ApEint
7 909% 5 ¥ % B ) o e IPSC 72 $Ehim®e % o o 14 X fol 20 A SER dm e 2 [T AR
o spk e AR AT A R E LG BEF AR o IPSC iTA Rk bmre il FIA L E
Bk p 242 PCR % (S E PP piEaesn=2> Y@esn=2),
T AR AT AR E R AFNEIRL Y (R REEHEEHN=4>

R eEsin=3)-
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(A) FSHR (B) AMHR?
INFB1-1 iNFB3-3 INFRES INFB3-3
' 3 %
' £ g
| 18.82% It 88.25% »f 29.98%
s - 5 5
& &g P &g 1
3 g z
w e g 13 E It w DmL h ‘! e T i 18 i g
2 & g A
3 3
8 iPFB1-3 iPFB3-1 3 iPFB1-3 iPFB3-1
i ] H
& 1 H g1l
o2 1451% 2 13.31% ¥ 81.12% o 80.67%
5 5 [ 21 —r—
dg G Sg — 8. o sij‘ f .
& . % 2 . . ?]‘ . .
4 " 3 - v 2 r = o 2 ) & e e 2 W KA - X
FSHR-APC AMHR2-A488
(C) CYP19A1 (D) Coexpression of FSHR and AMHR2
iNFB1-1 iNFB3-3 iNFB1-1 iNFB3-3
& 8 :
s 8] ~ 747%
5 i
o *
o e e
) < = W [
8 3 =
a3 -
Q -
8 o iPFB1-3 iPFB3-1
; 15.16% = 12.43%
5 n
3 |
W 0" "Yr; w
AMHR2-A488

CYP19A1-PE

BlL 4 : ims ameg R A 19 IPSC 474 3 ime ¥ ATk m e R AT hA R 5 &

A S S R e SR R

AMHR2 & Flend b 4p 0 » & on B A 1L s

H

Ea

3

IPSC #7472 %g sk tm?e 9 FSHR ~ CYP19A1 fr

¥ 4% 3% o FSHR

follicle-stimulating hormone receptor; AMHR2 = antimullerian hormone receptor 2;

CYP19A1 = aromatase. ( ¥tpe & : INFB1-1 f= iNFB3-3; %

iPFB1-3 §= iPFB3-1) »
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% 3k Xk

* 3k k
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HOT
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H20
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CMT

a w
iNFB1-1 T |
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iPFB3-1 T |-
*

iINFB3-3 T |

iNFB1-1
iNFB3-3
iPFB1-3
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Bl= -+ CIPSC j72 3k tmbe cn> 4 e B (LR T e d MWk mie chx 4 s T B 7
ARG % epged 0 9rF IPSC A4 dEimte * 50ng / mL % TR AR 15 0 )R e
2ok R Kp| 2w P 3 4 raniEit o *P<0.05 **P<0.01 ***P<0.001 - %
BpRp Lo 3 AR ROTIDELRFRL o HO LS 2 5 2 an iy
PR i 314 LB D g kime o GCs A GPB-r e B F I ek imE o
T: &F[ - GCM : A g3k w2 a2 £ 3L o CM 1 IPSC v H9 #7/7 4 3Fk w72
A o (25 B e g i ¥4 e D INFBL-1 o INFB3-3; % & 1+ °F & i3
# =& ! iPFB1-3 - iPFB3-1) -
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Bl-+-.

(A) (B)

PCOS vs Control

05

PCA (71.2%)

# PCOS
& Contol

05

PC #1 448% 1200

(C)
Primary adult GC  iPSC-derived GC

Blo -t B A s R o R 2 2 T DNA T A i 4

IR o

Bl= - ARG e (1155 R LR GHLF {4 FHELEY)

4G PRk 2 2 2 FM DNA 7 JL 1 AR5 {7 4 & (>4 47 (principle component
analysis) © ¥ % BEIL - BiA o S A G CpG B HT DT ik o
BEEA SRR LR GHEETHBENR AT HCPC T A RET LG PR
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Bl= - = @ & A%k w2 o iPSC 74 34 sm? 22 CREB 4r CBP th% 3R o
Bl=- L= At ud gk A PR g E ok e LU

Sk tm e e CREB 4 CBP 3-v¢ & L& o 12 GAPDH £ 5 A% @ o A2 24>

-

BT 2Bl +w P o (CREB:43kDa: CBP : 220kDa - = GAPDH : 39kDa) -
Bl= = B! #-d gz A7 E I eh X P L3 w7 2 CREB {r CBP &9 #
MEEFTE o o *P<0.05¢

Bl += C:ZrtPCR & 474 i % 12 X eniPSC ji#4 3 im?e ch CBP A F1& L& -
£ n s e AR YRR TR £ 48 (FSHR) ehi 4 R HE S I kw
% # e {7 MPCR A 47 o % 28T 2 by i A Flep st L g - 5 BB A A= B
W F RSB NT DG oL o* P <0050 (2u% f e g il
IBMS-01-02 = iNFB3-3; % & 4 9" 5 g i 3 % @ iPFB1-3 4= iPFB3-1 - )
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(A) CBP expression in adult GCs
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% — 1 #7% PCR 4= gPCR % svenprimer & 7|4e TagMan #5 4+ ID (Applied

Biosystems)

Gene name

Assay ID (ABI)

Gene description

AFP
AMH
AMHR2
CDH5
c-Myc
CYP19A1

DNMT3B
DPPAS
FOXL2
FSHR
GAPDH
GDF3
LCK
LHR
NANOG
OCT-4
SOX2
TERT
ZBTB16
CBP

Hs01040598_m1
Hs01006984_g1
Hs00179718_m1
Hs00174344_m1
Hs00153408_m1
Hs00903411_m1

Hs00171876_m1
Hs00988349 g1
Hs00846401_s1
Hs00174865_m1
Hs02758991_g1
Hs00220998_m1
Hs00178427_m1
Hs00174885_m1
Hs02387400_g1
Hs00999632_g1
Hs01053049_s1
Hs00972650_m1
Hs00232313_ml

alpha-fetoprotein

Anti-mullerian hormone

Anti-mullerian hormone receptor, type 1l
cadherin 5

v-myc avian myelocytomatosis

Cytochrome P450, family 19, subfamily A,
polypeptide 1

DNA (cytosine-5-)-methyltransferase 3 beta
developmental pluripotency associated 5
Forkhead box L2

Follicle stimulating hormone receptor
Glyceraldehyde-3-phosphate dehydrogenase
growth differentiation factor 3
lymphocyte-specific protein tyrosine kinase
Luteinizing hormone/choriogonadotropin receptor
Nanog homeobox

POU class 5 homeobox 1

SRY (sex determining region Y)-box 2
telomerase reverse transcriptase

zinc finger and BTB domain containing 16

Forward primer: CTCCTTCCCGAATGCCTCAG,; reverse primer:
CTGTGACACGCCTGTTTGGG (customized)
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A2 PR AMMBIA AL chw B RFE 2 PR g oA R eATI R L R

$- & - wm Y@ s oA P i@
i N=204 N=111 N=88 N=57 N=460
a4 (&) 24.4(4.4) 25.4(5.4) 24.6(5.1) 24.3(6.1) 24.7(5.0) 0.381
L
Ly (24) 160 159 161 161 160 0.105
HE (27) 55.9(11.1)*° 68.7(19.3)™ 65.1(15.9)™ 79.5(14.5)°®  63.7(16.8) <0.001
BMI (2 5 /& = 2 &) 21.9(3.9)*° 26.9(6.9)* 25.1(5.9)™ 30.7(4.7)" 24.8(6.1) <0.001
(2 A) 76.9(10.6)** 88.1(16.6)™ 84.1(14.2)" 95.5(12.1)°®  83.3(14.7) <0.001
B (2 4) 90.1(8.4)™® 99.5(13.3)™ 97.2(10.9)* 106.4(9.0)*  95.8(11.8) <0.001
w L 0.88(0.08) 0.87(0.10) 0.86(0.07) 0.83(0.08)a 0.87(0.08) 0.001
fespR (% 4 & 4r) 109(11)* 115(14)* 111(12)° 124(13)>¢ 113(13) <0.001
SR (T F At 71(9)® 75(12)° 72(10)° 79(11)™ 73(10) <0.001
P A s IR
FSH (mIU/ml) 7.0(1.4)%° 5.2(1.2) 5.2(1.0)° 5.4(1.1)° 6.0(1.5) <0.001
LH (mIu/ml) 16.3(5.4)* 7.9(3.3)° 7.2(3.4)° 9.1(3.3)° 11.6(6.0) <0.001
LH/FSH - & 2.5(1.1)%° 1.6(0.9) 1.4(0.8)° 1.7(0.7)° 2.0(1.0) <0.001
Estradiol (pg/dl) 47.7(20.5) 475(20.7) 40.9(19.0)* 47.6(15.6) 46.3(19.8) 0.041
Testosterone (ng/ml) 0.84(0.35)% 0.75(0.33)° 0.83(0.41)° 1.48(0.37)®  0.90(0.42) <0.001
DHEA-S (ug/dI) 252.6(115.9)®  153.3(54.6)*  336.2(81.3)°®  245.8(110.7)% 243.8(114.2)  <0.001
SHBG (nmol/l) 43.9(19.7)*° 34.4(21.2)™ 33.6(19.9)™ 13.8(4.1)°* 35.9(21.1) <0.001
FAI (%) 8.6(6.6)° 10.0(6.4)" 10.9(6.5)° 39.6(14.7)*  13.2(12.7) <0.001
ATIE B
Glucose (mg/d) 81.1(6.0)® 86.1(19.9) 83.5(7.0)° 91.3(16.3)™ 84.0(12.8) <0.001
Insulin (UU/mI) 6.7(5.7)* 11.9(12.1)™ 10.8(8.3)" 21.0(12.2)°®  10.5(10.1) <0.001
HOMA-IR 1.4(1.2)*° 2.8(3.5)™ 2.3(1.9)* 5.0(4.1)% 2.3(2.8) <0.001
Uric acid (mg/dI) 5.3(1.1)° 5.7(1.2)° 5.7(1.1)° 7.0(1.9)%° 5.7(1.4) <0.001
AST (1U/) 20.8(7.0)® 26.6(19.3)* 22.7(11.0)¢ 40.7(39.8)*  25.0(19.2) <0.001
ALT (1U/) 18.3(15.2)® 31.9(37.4)* 24.9(28.3) 59.2(65.5)"  27.9(35.8) <0.001
T-CHO (mg/dl) 187.5(33.1) 188.3(33.2) 186.3(32.2) 192.0(39.4) 188.0(33.7) 0.783
LDL-C (mg/dI) 99.5(28.3)® 109.1(31.4)*  103.2(25.9)¢  123.6(35.8)™¢  105.5(30.6) <0.001
HDL-C (mg/dl) 54.6(12.6)*® 47.8(11.8)™ 48.8(12.0)* 40.2(7.3)™ 50.0(12.6) <0.001
TG (mg/dl) 73.0(36.7)% 109.4(81.1*  93.7(49.1)™ 131.8(63.6)Y  93.0(59.6) <0.001

1. P<005 :‘; WU g

BE o ¥ {5 ik T 2 Bonferroni = 2 ki 7 o

2. Pt EE F A A A A BREZFINRNAIEFLE -
3. AFF-”E‘% * N: number, BMI: body mass index, FSH: follicle-stimulating hormone, LH:

luteinizing hormone,

DHEA-S:

dehydroepiandrosterone

sulfate,

SHBG:

Sex

hormone-binding globulin, FAI: free androgen index, HOMA-IR: homeostasis model

assessment-insulin

resistance,

AST:

aspartate aminotransferase,

ALT:

alanine

aminotransferase, T-CHO: total cholesterol, LDL-C: low-density lipoprotein-cholesterol,
HDL-C: high-density lipoprotein-cholesterol, TG: triglycerides.
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AZ IR EAPMBE B R RCEEOTRR AAITR L REL BETAA S H

- e 5o e 5z e S e A P&
EFod N=204 N=111 N=88 N=57 N=460
7% F PCOS £ #%
Bt ee 92.6% 94.6% 85.2% 98.2% 92.4% 0.018
BRMLFE R 78.9% 73.9% 81.8% 100.0% 80.9% 0.001
g 47.1% 46.8% 55.7% 42.1% 48.0% 0.393
e 11.3% 19.8% 12.5% 21.1% 14.8% 0.095
Ay 51.0% 38.7% 44.3% 100.0% 52.8% <0.001
FREPEARF AR 96.1% 91.9% 92.0% 96.5% 94.3% 0.289
ARLZEHEEL e BRI #H
ERENE - 3 67.6% 60.4% 59.0% 94.7% 67.6% <0.001
ER A Rl S - 3.9% 8.1% 8.0% 3.5% 5.7% 0.288
N - 4 7.4% 5.4% 14.8% 1.8% 7.6% 0.019
EBEBFEFRESFE 21.1% 26.1% 18.2% 0 19.1% 0.001
# @ PCOS # #7£2#
NIH 77.5% 75.7% 70.5% 98.2% 78.3% 0.001
AE-PCOS 84.8% 81.1% 85.2% 100.0% 85.9% 0.008

1.P<0.05 5 %3tk ¥ o

2. ¥ {5 e T H_* Bonferroni = j%.

3. ﬂﬁa : N: number, NIH: National Institutes of Health; AE-PCOS: Androgen Excess

and PCOS Society.
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Lw ol AR BBEEECT bR L £ AT H RTINS e 3L X

FTIR N B T L

AP PEL 45

2RI H (HA+AO+PCOM) 19.9% (62/311)
S EpeLd@mss (HA+AO) 30.8% (8/26)
TR E (HA+PCOM) 17.1% (6/35)
EB2PFREFRFE  (AO+PCOM) 14.8% (13/88)
P TR

NIH (HA+AO) 20.8% (70/337)
AE-PCOS (HA+AO or PCOM) 20.4% (76/372)
Rotterdam 19.3% (89/460)

4 ® * HA: hyperandrogenism; AO: chronic anovulation; PCOM: polycystic ovaries
morphology, NIH: National Institutes of Health, AE-PCOS: Androgen Excess and

PCOS Society
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%3 TPRAF ¢ B QR b Rt R B

2 PCOS (n=13) ¥R e (n=11) PiE
Pl PIK
E8 (K) 33.6 (3.1) 34.5 (3.5) NS
BMI (2 7/ = 2 2) 26.4 (7.4) 21.7 (3.0) NS
AY AT F A () 13 (100%) 10 (91%) NS
TEFHRIE (R K 112.3 (95.4) 32.6 (9.5) 0.012
N REREERlR 3 13 (100%) 0 -
TE LIRS S RS 3 7 (54%) 0 -
P& % - X FSH & (mlU/ml) 6.17 (1.72) 5.63 (1.16) NS
PE% - X LH &  (mlU/ml) 9.17 (3.97) 3.99 (1.46) <0.001
Ty - X E2E (pg/ml) 36.4 (9.9) 39.0 (9.9) NS
' &% - X testosterone i&(ng/ml) 0.58 (0.2-1.4) 0.24 (0.2-0.28) 0.026
RRFEdALE
WE B AR
B R AR 13 10
£ Ry A2 0 1
SRS S S 4 2028 (764) 1840 (526) NS
B bR de () 13.6 (1.1) 12.7 (1.0) NS
RELESS 4
hCG 4 6
Triptorelin 9 5 NS
EagR Py X E2 & (pg/ml) 5776 (3837) 5104 (3796) NS
g er g x P4 g (ng/ml) 1.0 (0.4) 1.2 (0.6) NS
FRT = 29.8 (14.4) 27.4 (8.0) NS
R L 25.2 (14.6) 23.1(9.1) NS
ZHF (%) 67 (20) 68 (13) NS

1 973 @ FRE T8 (FERE) k&7 -
2.P E<0.05 5 stk ¥ o
3. 4% : BMI, body mass index; FSH, follicule-stimulating hormone; LH, luteinizing hormone;
E2, estradiol; P4, progesterone; NS, non-significant
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Fo AR B NN T L AEE

PCOS (n=14) ¥ e (n=11) P &
Angiogenin 1.18 (0.16) 1.24 (0.15) NS
Angiopoietin-2 0.30 (0.22) 0.31(0.27) NS
Amphiregulin 0.27 (0.16) 0.20 (0.08) NS
CXCL16 0.41 (0.40) 0.46 (0.42) NS
DPPIVI/CD26 0.40 (0.22) 0.39 (0.23) NS
EG-VEGF/PK1 0.36 (0.23) 0.37 (0.22) NS
Endostatin/collagen XV1II 0.18 (0.04) 0.20 (0.09) NS
FGF-7/KGF 0.17 (0.09) 0.14 (0.08) NS
HGF 0.28 (0.24) 0.20 (0.20) NS
IGFBP-1 0.58 (0.32) 0.58 (0.35) NS
IGFBP-2 0.73 (0.15) 0.72 (0.20) NS
IGFBP-3 0.68 (0.23) 0.71(0.17) NS
Leptin 0.44 (0.27) 0.47 (0.26) NS
MMP-9 0.34 (0.18) 0.27 (0.17) NS
Pentraxin-3/TSG-14 0.33(0.22) 0.24 (0.11) NS
Platelet factor 4/CXCL4 0.31(0.18) 0.16 (0.10) 0.004
Prolactin 0.41 (0.19) 0.37 (0.21) NS
Serpin E1/PAI-1 0.58 (0.23) 0.67 (0.2) NS
TIMP-1 0.75 (0.29) 0.75 (0.25) NS
Thrombospondin-1 0.62 (0.39) 0.67 (0.33) NS
TIMP-4 0.34 (0.37) 0.37 (0.37) NS
VEGF 0.13 (0.03) 0.13 (0.07) NS

1 %75 JE T oE (RERRE) Ki5 -,

2. 344 E_# % Mann-Whitney U # %_- P /] > 0.05 2 se3t B ¥

3. ¥ % * CXCL, C-X-C motif chemokine ligand; DPPIV, dipeptidyl peptidase-4; EG-VEGF,
endocrine gland-derived vascular endothelial growth factor; PK, prokineticin; FGF, fibroblast
growth factor; KGF, keratinocyte growth factor; IGF, hepatocyte growth factor; IGFBP,
insulin-like growth factor-binding protein; MMP, matrix metalloproteinase; TSG, tumor necrosis
factor-stimulated gene; PAI, plasminogen activator inhibitor; TIMP, tissue inhibitor of

metalloproteinase; VEGF, vascular endothelial growth factor
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£ IDNAT R gy ¥ A5 £ K el Rl R el gk (S r e k)

PCOS (n=11) e e (n=4) P&
Z# () 33.5+3.38 35.0+2.2 NS
LEo(an) 160.2£6.5 159.8+ 3.9 NS
WL (27) 56.8+7.3 52.3+6.3 NS
BMI (2 7/ = o =) 224 +£3.0 205+ 3.0 NS
TEFHERE(R) 149.1+£75.1 31.3+25 0.003
L B ey 11/11 0
PR AR R 11/11 1/4
® 2 FE (no) 5/11 0
D&% - % FSH & (mIU/ml) 6.1+16 6.0+ 1.0 NS
% = % LH & (mlU/ml) 10.0£5.2 43+19 0.026
1% - % E2 @ (pg/ml) 42.1+24.1 38.1+9.3 NS
Testosterone (ng/ml) 0.57 £0.37 0.19£0.06 0.033
DHEA-S (ug/dl) 201 + 144 180 + 141 NS
SHBG (nmol/L) 78.1 £ 60.0 67.6+7.8 NS
Androstenedione (ng/ml) 20+1.1 1.3+05 NS
FAI (%) 45+4.2 1.0+0.4 NS
AC sugar (mg/dl) 85.8+7.0 845+3.1 NS
Insulin (ulU/ml) 10.2+9.9 28+0.6 0.028
HOMA-IR 22+23 0.59 +0.13 0.024
Prolactin (ng/ml) 14.4+10.0 155+2.2 NS
TSH (ulU/ml) 1.55+0.32 1.08 +0.76 NS
Free T4 (ug/dl) 0.91+0.08 0.89 £ 0.05 NS
Cortisol (ug/dl) 20.2+14.6 18.0£2.6 NS
AST (U/L) 21.0+7.8 178+ 1.7 NS
LDL-C (mg/dl) 106.8 + 36.8 112.0 + 38.2 NS
HDL-C (mg/dl) 53.5+15.1 724144 NS
Uric acid (mg/dl) 50x14 46+1.0 NS
TG (mg/dl) 144.0 £ 70.0 98.0+4.2 NS
T-CHO (mg/dI) 210.1+52.4 2275+7.8 NS
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BRSO AR

agper ¥ 1 E2 & (pg/ml)
magper g x P E(ng/ml)

magger ¥ 2 LH @ (mliu/ml)

SR AR (1U)
o R (2)

T EE

5065 + 2415
1.2+0.7
21+15
2143 + 827
121+1.4
29.0+ 151

5553 + 4955
1.2+0.7
1.6+0.9
1750 + 509
11.5+0.6
23.5+16.7

NS
NS
NS
NS
NS
NS

1. ‘FF‘@, NS: not significant; BMI: body mass index; SH: follicle-stimulating hormone;
LH: luteinizing hormone; E2: estradiol; DHEA-S: dehydroepiandrosterone sulfate;

SHBG: sex hormone binding globulin; FAI: free androgen index; HOMA-IR:

homeostasis model assessment of insulin resistance; TSH: thyroid-stimulating hormone;
T4: thyroxine; AST: aspartate transaminase; LDL-C: low-density lipoprotein cholesterol;

HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; T-CHO: total

cholesterol; P: progesterone.

2.P E-]*0.05 5.

95 2L
W "g

201

doi:10.6342/NTU202000313



At AR AT en 10 B Rk

BB T ] L A3
& A RER dm e
Thromboxane A2  3.069E-05 7/50 MEK1/2, MSK1/2 (RPS6KA5/4), PI3K Development
signaling pathway reg class 1A (p85), cPKC (conventional),
PKA-reg (CAMP-dependent), PKC, PI3K
reg class 1A
Antigen 5.625E-05 10/118 MHC class Il alpha chain, MHC class 11 Immune
presentation by MHC beta chain, PKC-alpha, LY75, Dynein 1,  response
class Il cytoplasmic, intermediate chains, MHC
class 11, PIP5K1A, Rab-7, PSD4, PKC
Nociceptin 6.844E-05 8/76 TY3H, PKC-alpha, MEK1/2, cPKC Nociception
receptor signaling (conventional), PKA-reg
(cAMP-dependent), p90Rsk, LIMK?2,
PKC
Regulation of 8.173E-05 7/58 MLCP (reg), PIP5KI, LIMK, Cytoskeleton
actin cytoskeleton Alpha-actinin, MRCKalpha, Paxillin, remodeling
organization by MRCK
the kinase
effectors of Rho
GTPases
Activation of 9.132E-05 7/59 TRIO, PKC-alpha, MEK1/2, cPKC Oxidative
NADPH oxidase (conventional), PI3K cat class 1B stress
(p110-gamma), PKC, PI3K reg class 1A
Activation of 1.027E-04 6/42 PKC-alpha, MEK1/2, FISH, cPKC Oxidative
NOX1, NOX5, (conventional), PKA-reg stress
DUOX1 and (cAMP-dependent), PKC
DUOX2 NADPH
Oxidases
Histamine H1 1.524E-04 6/45 MLCP (reg), PKC-alpha, Alpha-actinin,  Cell adhesion
receptor signaling Alpha-catenin, LIMK2, Paxillin
in the interruption
of cell barrier
integrity
CREB signaling 2.463E-04 6/49 PKC-alpha, MSK1/2 (RPS6KAS5/4), Transcription
pathway cPKC (conventional), PKA-reg
(cAMP-dependent), p90Rsk, PI3K reg
class 1A
Proinsulin 3.427E-04 6/52 PKC-alpha, PI3K reg class 1A (p85), G-protein
C-peptide signaling PI3K reg class IA (p85-alpha), PI3K cat  signaling
class IB (p110-gamma),
MEK2(MAP2K?2), PI3K reg class IA
Plasmin signaling  3.966E-04 5/35 TGF-beta 1, TGF-beta receptor type 111 Cell adhesion
(betaglycan), TGF-beta receptor type I,
PI3K reg class IA, Collagen IV
iPSC #72 34 tn %
TGF, WNT and 5.827E-07 30/111 Talin, RhoA, PPAR-beta(delta), GRB2, Cytoskeleton
cytoskeletal FRAT1, Vinculin, IKK-alpha, Tcf(Lef), remodeling
remodeling WNT, TCF7L2 (TCF4), DOCKJ1, elF4E,
ERK1/2, MDM2, FAK1, LRP5,
Beta-catenin, Alpha-actinin, SOS,
SMAD3, Caspase-9, Alpha-actinin 1,
AKT(PKB), Collagen IV, Actin, p38
MAPK, ERK1 (MAPK3), Frizzled,
mTOR, TGF-beta receptor type |
Ephrin signaling 1.097E-06 17/45 RhoA, HGK(MAP4K4), GRB2, Kalirin,  Cell adhesion

Ephrin-B, G-protein alpha-i family,
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Chemokines and
adhesion

NMDA-dependent
postsynaptic
long-term
potentiation in
CAL hippocampal
neurons

GABA-A receptor
life cycle

PKA signaling

NF-kB signaling
pathway

Integrin outside-in
signaling

A2B receptor:
action via
G-protein alpha s

CREB pathway

2.172E-06

3.843E-06

5.855E-06

8.031E-06

1.944E-05

1.990E-05

2.648E-05

4.884E-05

27/100

23/80

12/27

17/51

14/39

16/49

16/50

15/47

FAKZ1, Ephrin-A5, Fyn, Ephrin-A
receptors, Ephexin, Ephrin-B receptor 1,
Ephrin-A, ADAM10, Ephrin-B receptors,
GRB10, Ephrin-A2

TRIO, Talin, RhoA, B-Raf, GRB2,
GCP2, CD44, PTEN, SERPINE2,
Vinculin, Tcf(Lef), G-protein alpha-i
family, Rap1GAP1, DOCK1, ERK1/2,
ENA-78, MMP-2, FAK1, Beta-catenin,
Alpha-actinin, SOS, Alpha-actinin 1,
AKT(PKB), Collagen IV, IL8RA,
Thrombospondin 1, Actin

NMDA receptor, Pyk2(FAK2), mGIuR1,
B-Raf, GRB2, PKC-alpha, NR2, NR1,
GIuR1, elF4E, ERK1/2, PKA-reg
(cAMP-dependent), RASGRF1, SOS,
AKT(PKB), ERK1 (MAPK3),
Ryanodine receptor 2, p90Rsk, NR2B,
IP3 receptor, mTOR, GIuR2, PLC-beta2
NSF, Dynein 1, cytoplasmic, heavy
chain, GABA-A receptor, AP complex 2
medium (mu) chain, GABA-A receptor
alpha-1/beta-2/gamma-2, GABA-A
receptor alpha-1 subunit, Dynamin,
GABA-A receptor gamma-2 subunit,
Dynein 1, cytoplasmic, intermediate
chains, GABA-A receptor beta-2 subunit,
PLCLZ1, Tubulin (in microtubules)

LBC, G-protein alpha-12 family,
AKAP3, G-protein alpha-s, PDE4D,
G-protein alpha-i family, Adenylate
cyclase, GABA-A receptor beta-1
subunit, Ryanodine receptor 1, PP2A
regulatory, PKA-reg type 11
(cAMP-dependent), PKA-reg
(cAMP-dependent), PCTK1, SMAD3,
PDE3A, GABA-A receptor beta-2
subunit, AKAPS

TNF-R2, LTBR(TNFRSF3), PKC-theta,
SUMO-1, LBP, IKK-alpha, TRAF®6,
ILIRAP, TOLLIP, IKK-gamma,
IRAK1/2, AKT(PKB), NIK(MAP3K14),
IKAP

TRIO, Talin, GRB2, Vinculin, PINCH,
Tcf(Lef), ERK1/2, FAK1, Beta-catenin,
WASP, Alpha-parvin, Alpha-actinin,
SOS, Beta-parvin, AKT(PKB), Collagen
v

BETA-PIX, Pyk2(FAK2), B-Raf,
G-protein alpha-s, GRB2, PLC-beta,
TCF7L2 (TCF4), ERK1/2, Beta-catenin,
PKA-reg (CAMP-dependent), SOS,
AKT(PKB), p38 MAPK, EIk-1, IP3
receptor, MEKK4(MAP3K4)

cPKC (conventional), G-protein alpha-s,
Galpha(s)-specific amine GPCRs, GRB2,
PKC-alpha, ERK1/2, IGF-1 receptor,
MSK1/2 (RPS6KAS5/4), PKA-reg
(cAMP-dependent), SOS, AKT(PKB),

Cell adhesion

Neurophysiol
ogical process

Neurophysiol
ogical process

Signal

transduction

Transcription

Cytoskeleton

remodeling

Development

Transcription
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LDHA, p38 MAPK, p90Rsk, Ca(ll)
channels
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%4 0 IPA £ 47 PCOS fefeifR g B 7 ALt A F)Afrip o

9-1 Top canonical pathways P value Overlap
Adult GCs
Phagosome Maturation 8.70E-04 3.6 % 5/138
Germ Cell-Sertoli Cell Junction Signaling 2.13E-03 3.0 % 5/169
Semaphorin Signaling in Neurons 2.70E-03 5.8 % 3/52
Rac Signaling 3.47E-03 3.4 % 4/116
PTEN Signaling 3.81E-03 3.4 % 4/119
iIPSC-derived GCs
Antigen Presentation Pathway 1.11E-09 42.1 % 16/38
OX40 Signaling Pathway 1.68E-08 32.1 % 18/56
Allograft Rejection Signaling 2.45E-06 29.2 % 14/48
Nur77 Signaling in T Lymphocytes 8.84E-06 26.4 % 14/53
Calcium-induced T Lymphocyte Apoptosis ~ 8.87E-06 25.0 % 15/60
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4 172 IPA £ 47 PCOS ‘efrft e g B 7 A it A F) A ks ()
9-2 Top upstream regulators ~ Gene Ontology annotations P value of
overlap
Adult GCs
MKL1 (Megakaryoblastic nucleic acid binding and actin binding  7.26E-03
Leukemia (Translocation) 1)
SCAP (SREBF Chaperone) protein complex binding and 1.03E-02
cholesterol binding
CREBZF (CREB/ATF BZIP  DNA binding transcription factor 1.53E-02
Transcription Factor) activity and identical protein binding.
SMYD2 (SET And MYND p53 binding and protein-lysine 1.53E-02
Domain Containing 2) N-methyltransferase activity
miR-148a-3p MRNA binding involved in 1.53E-02
posttranscriptional gene silencing
IPSC-derived GCs
EBI3 (Epstein-Barr Virus cytokine activity and interleukin-27 3.64E-05
Induced 3) receptor binding
TENM1 (Teneurin protein homodimerization activity and  1.33E-04
Transmembrane Protein 1) heparin binding.
HNRNPA2B1 nucleic acid binding and RNA binding  4.10E-04
(Heterogeneous Nuclear
Ribonucleoprotein A2/B1)
MGEAS (Meningioma histone acetyltransferase activity and 1.05E-03
Expressed Antigen 5 beta-N-acetylglucosaminidase activity.
(Hyaluronidase))
ITPR2 (Inositol binding and phosphatidylinositol 1.14E-03
1,4,5-Trisphosphate binding
Receptor Type 2)
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%4 @2 IPA 245 PCOS fefrf e e chi B 7 A AT BT (§)

9-3 Top Associated Network Functions Score
Adult GCs
1 Cellular Movement, Embryonic Development, Organ Development 26

2 Cardiovascular System Development and Function, Cellular Movement, 17

Cell Signaling

3 Cellular Development, Cellular Growth and Proliferation, Cellular 13
Movement

4 Cell Morphology, Embryonic Development, Hematological System 13

Development and Function
5 DNA Replication, Recombination, and Repair, Cell Cycle, Cell Death 13
and Survival

iIPSC-derived GCs
1 Cell-To-Cell Signaling and Interaction, Hematological System 38
Development and Function, Immune Cell Trafficking
2 Cellular Movement, Cancer, Connective Tissue Disorders 34
3 Organ Morphology, Organismal Injury and Abnormalities, 30
Reproductive System Development and Function
4 Cardiovascular System Development and Function, Cellular Movement, 30
Cellular Development
5 Endocrine System Disorders, Gastrointestinal Disease, Immunological 28

Disease
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%4 04 IPA A 47 PCOS ffctpe i B 7 A AT r /e ()

9-4 Top Tox Lists P value Overlap
Adult GCs
NRF2-mediated Oxidative Stress Response  6.06E-03 2.3 % 5/216
Negative Acute Phase Response Proteins 4.19E-02 12.5% 1/8
PPAR/RXR Activation 6.37E-02 1.8 % 3/171
Increases Glomerular Injury 6.67E-02 2.5% 2/79
TR/RXR Activation 9.65E-02 2.0 % 2/98
iIPSC-derived GCs
NRF2-mediated Oxidative Stress Response  6.97E-03 11.6 % 25/216
Increases Liver Damage 2.87E-02 11.7 % 15/128
PPAR/RXR Activation 4.53E-02 10.59% 18/171
RAR Activation 5.45E-02 10.2 % 19/187
Increases Heart Failure 6.82E-02 17.4 % 4/23
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%4 04 IPA A 47 PCOS ffctpe i B 7 A AT r /e ()

9-5 Top analysis-ready Adult GCs iIPSC-GCs

molecules

Up regulated SLC25A37 MEIS1
ARHGAP22 CCDC94
ITGAl POLR1B
PCID2 TCF7L1
NSF CDH17
MYO16 MYO10
PIK3CG FAM228B
LGALS7/LGALS7B DNAJC6
C2orf54 FOXK2
MXI11 CAT

Down regulated GPR83 PCNT
VHL TRPV2
ADAMTS19 Clorfo4
AEBP1 ZNF335
FAM213A ACTN3
DYDC1 MEGF6
PSMA7 EFCAB13
BRDT SORCS2
TMC7 RFTN1
RNF39 LRRTM4
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2L D iPSC /72 3pf mre 81 & XL Rk mie £ o IR0 37

(AR WA i %

ucsc _ . iPsc-  # N
Probeid (PtGC A% %  PtGC Official Full
Gene ) d Gene ontology class
[iPSC-GC) 3 FC name
Name FC 1
Both hypermethylation
RPTOR  cgl17906851 Body 4.15 14.02 17 regulatory RNA polymerase Ill type 1
associated promoter DNA  binding;
protein of MTOR  cellular response to nutrient
complex 1 levels
MEIS1  ¢g14553323 Body 3.89 1858 2 RNA polymerase Il proximal
1 ) promoter sequence-specific
Meis homeobox o .
1 DNA binding; negative
regulation of myeloid cell
differentiation
ZMIZ1  ¢cg04007726 Body 2.50 1355 10 zinc finger )
in utero embryonic
MIZ-type .
o development; vasculogenesis
containing 1
RNF22  cg10329345/ Body/ 2.59 2.57 1 ring finger ubiquitin-protein  transferase
0 cg08242458 Body protein 220 activity
PTPRN  cg17334266/ Body/ 2.64 4.28 7 transmembrane receptor protein
2 €g01394671 TSS200 protein tyrosine tyrosine phosphatase activity;
phosphatase, lipid metabolic process; insulin
receptor type N2 secretion involved in cellular
response to glucose stimulus
PRDM  cgl17455155/ Body/ 2.53 6.33 1 negative regulation of
16 cg04882216 Body PR/SET domain transcription by RNA
16 polymerase 1I; brown fat cell
differentiation
ZHX2 €g06035200/ 5'UTR/ 4.44 5.71 8 . . negative regulation of
zinc fingers and o
€g04845852 5'UTR transcription by RNA
homeoboxes 2
polymerase II;
TNXB cg07148038/ Body/ 2.70 2.74 6 . extracellular matrix structural
tenascin XB . . o
€g06002203 Body constituent; integrin binding;
TSNAR  ¢g24849373 Body 441 5.77 8 t-SNARE intracellular protein transport;
El domain endomembrane system;
containing 1 SNARE complex
WWTR  ¢gl14557185/ Body/ 291 2.98 3 WwW domain ) ) )
o negative regulation of protein
1 €g11923296 Body containing . .
o phosphorylation; hippo
transcription o
signaling;
regulator 1
Both hypomethylation
SORBS  ¢g09120722 Body 0.24 0.04 4  sorbin and SH3 RNA  binding; structural
2 domain constituent of cytoskeleton
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ESRRB

B3GAL
T1

RASA3

ADARB

DIP2C

MB21D

GALNT

cg07730622/
€g00929286

€g12624040/

€g18015625

€g23168520

€g20205188/
€g09867002

€g15986644/
€g24068006

cg16788857

€g26303777

5'UTR/
5’UTR

5’'UTR/
TSS150
0

Body

Body/
Body

Body/
Body

Body

Body

0.40

0.40

0.28

0.21

0.36

0.39

0.26

0.12

0.11

0.07

0.07

0.16

0.08

0.13

14

13

10

10

containing 2

estrogen related

receptor beta

beta-1,3-galactos
yltransferase 1

RAS p21 protein
activator 3
adenosine
deaminase, RNA

specific B2

disco interacting
protein 2
homolog C

Mab-21 domain

containing 2

Polypeptide
N-acetylgalactos
aminyltransferas
e2

RNA polymerase Il proximal

promoter sequence-specific
DNA binding; stem cell
population maintenance;

positive regulation of glycogen
biosynthetic process
Golgi membrane;
oligosaccharide
lipid
glycosylation

MAPK

regulation of GTPase activity

biosynthetic
process; and protein

cascade; positive

double-stranded RNA binding;

catalytic  activity;  cellular
component; biological process;
metabolic process
protein-containing complex

binding; cadherin binding

Golgi  membrane;  protein
O-linked glycosylation,
polypeptide

N-acetylgalactosaminyltransfer

ase activity;

Hypermethylation in patient GC and hypomethylation in iPSC-derived GC

ADCK2

ZBTB7

MYO10

RPH3A

CCDC

88B

ZIC5

€g24022528

€g11823448

€g02288345

cg04172345/
cg02661110

€g15296767/

cg09619347

€g23476830

Body

5’UTR

Body
Body/
5'UTR

Body/
TSS200

TSS200

261

3.39

2.50

3.07

2.68

2.76

0.17

0.16

0.09

0.11

0.30

0.36

7

18

17

11

13

211

aarF domain
containing kinase

2

zinc finger and
BTB

containing 7C

domain

myosin X

rabphilin 3A like

coiled-coil
domain
containing 88B
Zic family

member 5

protein serine/threonine kinase
activity; ATP binding

DNA-binding
factor

transcription
RNA

polymerase Il-specific; positive

activity,

regulation of fat cell
differentiation

Motor activity; protein binding
intracellular protein transport;
protein binding; exocytosis;
glucose homeostasis

positive regulation of cytokine
production; positive regulation
of T cell proliferation
DNA-binding

factor

transcription

activity, RNA
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PRRC2

KCNIP

PRKAR
1B

€g01192190/
€g13168499
cg00688962/
cg07695835

cgl10127554/
cg11448166

5'UTR/ 2.87
Body
TSS200 2.65
/Body
Body/ 251
Body

0.13

0.39

0.32

proline rich
coiled-coil 2B
potassium

voltage-gated
channel

interacting
protein 4

protein  kinase
cAMP-dependent
type | regulatory

subunit beta

polymerase Il-specific

RNA binding

potassium channel activity;

cAMP-dependent
kinase

protein
inhibitor  activity;
cellular response to glucagon

stimulus

Hypermethylation in patient GC and hypomethylation in iPSC-derived GC

YJU2 €g04158402 Body 0.39 1324 19 YJU2 splicing RNAsplicing; protein binding
4 factor homolog
FOXK2 ¢g12855313 Body 0.35 3499 17 forkhead box K2 RNA polymerase Il proximal
promoter sequence-specific
DNA binding
AK8 €g21425790 Body 0.37 16.47 9  adenylate kinase adenylate kinase activity;
8 protein binding
CAT cg06508490 Body 0.33 37.23 11 catalase response to reactive oxygen
species
BTBD2 cg01688609 Body 0.39 18.08 19 BTB domain  Protein binding
containing 2
TSGA1  ¢g26495595 Body 0.27 431 2 testis specific 10  Protein binding;
0 spermatogenesis
DENN  ¢g26445985 Body 0.35 5.60 7 DENN domain Rab guanyl-nucleotide
D2A containing 2A exchange  factor  activity;
protein transport
JPH3 €g20107632/ Body/ 0.32 2.61 16  junctophilin 3 calcium-release channel
cg09496634 Body activity; junctional membrane
complex
ARSJ €g06384865 Body 3.73 0.18 4 arylsulfatase arylsulfatase activity; metabolic
family memberJ  process; metal ion binding
AFF & A BT AT AP 4 £ 19 http://amigo.geneontology.org/amigo/landing.

B oam - BIFEAE S AR w18 - BEF AN AL
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2. 5%  GC: granulosa ceII
3. F A2
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%4 — mIRNAF 3 ¢ PCOS & frttp

FF P

PCOS (n=75) e (n=20) P&
7 F A
E# (FR) 24.5 (5.1) 25.8 (2.3) NS
BE (27) 64.0 (16.6) 55.2 (5.7) <0.0001
BMI (2 7/% = 2 ¢) 249(6.2) 21.8 (1.6) <0.0001
I (2 4) 86.3 (13.9) 74.0 (6.5) <0.0001
B (2 4) 93.9 (12.5) 88.7 (5.5) 0.008
TEFE (R) 205.1 (122.3) 29.9 (1.8) <0.0001
P Ay B
BMEEFRE 80% 0 <0.0001
Testosterone (ng/ml) 0.67 (0.32) 0.32 (0.12) <0.0001
DHEA-S (ug/ml) 276.2 (115.8)
SHBG (nmol/l) 37.5 (23.0)
FAI (%) 8.4 (5.9)
FSH (mIU/ml) 6.4 (1.8) 7.1(1.8) NS
LH (mIU/ml) 12.1 (5.9) 4.8 (2.4) <0.0001
E2 (pg/ml) 49.9 (25.4) 31.8(11.8) 0.003
AT/ 3 B
Insulin (1U/ml) 9.0 (9.3) 7.7 (13.4) NS
Glucose (1U/ml) 83.4 (6.5) 84.8 (7.3) NS
HOMA-IR 1.92 (2.05)
Uric acid (mg/dl) 5.56 (1.18) 4.72 (0.82) 0.003
LDL-C (mg/dl) 108.9 (34.9) 87.8 (33.5) 0.017
HDL-C (mg/dl) 55.9 (12.7) 58.0 (9.1) NS
TG (mg/dl) 87.4 (51.3) 61.9 (21.8) 0.001
T-CHO (mg/dI) 192.4 (40.5) 183.8 (27.8) NS
AST (U/) 25.5 (21.3) 19.6 (13.4) NS
ALT (UN) 30.4 (41.6) 19.1 (23.6) NS

1.P & > 0.05 5 st dg ¥
2. %7 8 :PCOS: polycystic ovarian syndrome; DHEA-S: dehydroepiandrosterone sulfate,

SHBG: sex hormone-binding globulin, FAI: free androgen index, FSH:

follicle-stimulating hormone, LH: luteinizing hormone, E2:estradiol, HOMA-IR:

homeostasis model assessment-insulin resistance, LDL-C: low-density

lipoprotein-cholesterol, HDL-C: high-density lipoprotein-cholesterol, TG:
triglycerides. T-CHO: total cholesterol, AST: aspartate aminotransferase, ALT:
alanine aminotransferase.
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# - = 1 PCOS {r¥tpe o2 i iR PFYi | PipEt: ik 2

Wl P pEfipE PCOS & (n=75) HE 2 (n=20) P&
miR-21 2.09 (1.31) 1.84 (0.69) NS
miR-93 0.25 (0.13) 0.15 (0.06) <0.0001
miR-132 0.02 (0.016) 0.008 (0.003) <0.0001
miR-193 2.01 (6.51) 1.54 (1.19) NS
miR-221 1.62 (0.69) 1.39 (0.24) 0.02
MiR-222 0.08 (0.04) 0.1 (0.03) 0.007
miR-223 6.97 (5.63) 4.73 (2.36) 0.009
miR-27a 1.39 (1.05) 0.59 (0.37) <0.0001
miR-125b 0.21 (0.62) 0.04 (0.03) NS
miR-200b 0.19 (0.52) 0.18 (0.22) NS
MiR-212 0.18 (0.53) 0.02 (0.04) 0.012
miR-320a 1.09 (0.31) 1.25 (0.4) 0.048
miR-429 0.001 (0.002) 0.003 (0.006) NS
miR-483 0.01 (0.02) 0.02 (0.07) NS

P& > 0.05 % st dg ¥ o
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# -+ = 1 Metformin 755 § »clefr@ scln 2 X33 Fik

Metformin 7o & »c  Metformin 7% 3 Pig

& (n=38) »z ke (n=37)

7 F 7
Ed# () 24.4 (5.4) 24.5 (4.9) NS
BE (27) 62.9 (16.2) 65.2 (17.1) NS
BMI (= 7 /& = = 24.4 (5.7) 25.4 (6.6) NS
T (2R) 84.8 (12.1) 87.8 (15.6) NS
Bl (2 4) 92.7 (11.4) 95.1 (13.5) NS
TEFH (R) 240 (123) 169 (112) 0.01

JARAVEE Y
BaPEE R 82% 78% NS
Testosterone (ng/ml)  0.62 (0.26) 0.71 (0.37) NS
DHEA-S (pug/ml) 276.1 (126.8) 276.4 (105.5) NS
SHBG (nmol/l) 34.8 (20.1) 40.3 (25.5) NS
FAI (%) 8.9 (7.0) 7.8 (4.6) NS
FSH (mIU/ml) 6.3 (2.0) 6.7 (1.6) NS
LH (mIU/ml) 12.1 (5.4) 12.1 (6.4) NS
Estradiol (pg/ml) 47.0 (15.5) 52.9 (32.5) NS
Prolactin (ng/ml) 8.95 (8.16) 8.03 (4.00) NS
TSH (mIU/) 1.62 (26.8) 1.84 (1.31) NS

AT B
Insulin (1U/ml) 8.9 (9.5) 9.1(9.2) NS
Glucose (1U/ml) 83.2(5.1) 83.6 (7.8) NS
HOMA-IR 1.87 (2.01) 1.98 (2.12) NS
Uric acid (mg/dl) 5.5(1.4) 5.6 (1.0) NS
LDL-C (mg/dl) 116.6 (40.4) 101.0 (26.3) NS
HDL-C (mg/dl) 57.9 (12.6) 53.8 (12.6) NS
TG (mg/dl) 88.5 (51.7) 86.3 (51.5) NS
T-CHO (mg/dI) 202.5 (45.7) 182.0 (31.8) 0.028
AST (U/l) 27.1 (26.8) 23.9 (13.6) NS
ALT (U/) 32.8 (50.0) 28.0 (31.5) NS

1.P & > 0.05 5 st g ¥

2. 4% : PCOS: polycystic ovarian syndrome; DHEA-S: dehydroepiandrosterone
sulfate, SHBG: sex hormone-binding globulin, FAI: free androgen index, FSH:
follicle-stimulating hormone, LH: luteinizing hormone, HOMA-IR: homeostasis model
assessment-insulin resistance, LDL-C: low-density lipoprotein-cholesterol, HDL-C:
high-density lipoprotein-cholesterol, TG: triglycerides. T-CHO: total cholesterol, AST:

aspartate aminotransferase, ALT: alanine aminotransferase.
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# L w : Metformin ;5% 3 el fr@ sclez 5 R VY pL & TR

Metformin ia % & 2= Metformin 755 3 3<%

ol PpER R P&

£ (n=38) (n=37)
miR-21 1.88 (1.19) 2.3(1.42) NS
miR-93 0.22 (0.12) 0.28 (0.13) 0.03
miR-132 0.021 (0.021) 0.017 (0.009) NS
miR-193 2.97 (8.95) 1.01 (1.71) NS
miR-221 1.56 (0.76) 1.68 (0.61) NS
miR-222 0.06 (0.04) 0.09 (0.04) 0.012
miR-223 5.97 (5.52) 8.01 (5.63) NS
miR-27a 1.14 (0.76) 1.64 (1.24) 0.04
miR-125b 0.29 (0.86) 0.12 (0.15) NS
miR-200b 0.21 (0.7) 0.18 (0.22) NS
miR-212 0.23 (0.61) 0.13 (0.45) NS
miR-320a 1.08 (0.33) 1.09 (0.31) NS
miR-429 0.001 (0.002) 0.002 (0.002) NS
miR-483 0.01 (0.02) 0.01 (0.02) NS
1P > 005 % %3 88 % o
2. A{-ﬁ’é, * NS: not significant.

216

doi:10.6342/NTU202000313



#+3

DAl PR A & LT PCOS 2 12 ROC o 4 4 47 18

Y S 3 &R G A

P Youden #'&TF  (95% 7z # %

AR B H#EE index 7 ## ) &g Probability

miR-21 0.507 0.700 0.207 0.519 (0.400-0.637)  1.9103 0.788
miR-93 0.560 0.950 0.510 0.743 (0.644-0.841) 0.2392 0.848
miR-132 0.600 0.950 0.550 0.811 (0.723-0.900) 0.0130 0.845
miR-193b 0.120 1.000 0.120 0.217 (0.128-0.305) 5.2533 0.799
miR-221 0.360 1.000 0.360 0.597 (0.488-0.707) 1.8221 0.822
miR-222 0.600 0.850 0.450 0.696 (0.590- 0.802) 0.0786 0.808
miR-223 0.453 0.950 0.403 0.586 (0.472-0.700)  7.5987 0.821
miR-27a 0.520 0.950 0.470 0.777 (0.675-0.878)  1.0902 0.854
miR-125b 0.880 0.500 0.380 0.756 (0.641-0.871) 0.0269 0.652
miR-200b 0.547 0.600 0.147 0.459 (0.314-0.603) 0.0747 0.788
miR- 212 0.667 0.800 0.467 0.726 (0.607-0.845)  0.0070 0.725
miR-320a 0.613 0.650 0.263 0.617 (0.464-0.770) 1.0630 0.813
miR-429 0.933 0.200 0.133 0.345 (0.175-0.514) 0.0051 0.731
miR-483 1.000 0.050 0.050 0.325 (0.191-0.459) 0.0865 0.728
TRRIECA X 0.867 1.000 0.867 0.959 (0.924- 0.995) 0.862
W e R it T8 T G 2 95% B HE 4 2 0.5 TR & Bl BT

iR ka2 IR kAT DY =

log (p/(1-p)) = 0.00148 — 10.8903 * MiR-93 +

28.6881 * miR-132 - 48.8523 * miR-222 + 2.4562 * miR-27a + 2.1320 * miR-125b +
18.2793 * miR-212
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Fo 2l PO pE & > metformin s 2] #. 2. ROC o 4 47 &

Youden

f ©5% 7 47 &

] AR A g # i dex s RE Probability P #
##

miR-21 0946 0263 0209 0588 (0458-0.718) 0.7943  0.411

Adjusted miR-21? 0703 0684 0387 0706 (0.584-0.827) 0.506 0.100

miR-93 0459 0.816 0275  0.645 (0519-0.771) 03258 0.571

Adjusted miR-93? 0703 0737 0440  0.733 (0.618- 0.847) 0.495 0.140

miR-132 1.000 0132 0132 0436 (0.302-0570) 0.0418  0.452

Adjusted miR-132*° 0568  0.816 0.383  0.679 (0.556- 0.801) 0.579 0.004

miR-193b 0973 0158 0131  0.316 (0.187-0.444) 6.0776 0.411

Adjusted miR-193b> 0541  0.816 0.356  0.682 (0.560- 0.804) 0.594 <0.001

miR-221 0973 0237 0210 0558 (0.425-0.691) 0.8867  0.444

Adjusted miR-221° 0595  0.763 0.358  0.694 (0.572- 0.816) 0.562 0.083

miR-222 0919 0421 0340  0.678 (0.556-0.800) 0.0451  0.387

Adjusted miR-222¢ 0919  0.605 0524  0.773 (0.662- 0.884) 0.373 0.090

miR-223 0892 0421 0313  0.634 (0.506-0.762) 2.8557 0.425

Adjusted miR-223%  0.622  0.816 0437  0.72  (0.601- 0.838) 0.567 0.193

miR-27a 0324 0895 0219 061 (0482-0739) 2.0691 0.583

Adjusted miR-27a®  0.622  0.816 0.437  0.729 (0.614- 0.844) 0.565 0.058

miR-125b 0946 0.132 0078 0489 (0.356-0.623) 0.3175  0.470

Adjusted miR-125b® 0541 0789 0.330  0.655 (0.529- 0.781) 0.587 0.041

miR-200b 1.000 0.053 0.053  0.307 (0.185-0.428) 11205  0.469

Adjusted miR-200b® 0541 0789 0.330  0.664 (0.539- 0.790) 0.582 <0.001

miR- 212 0946 0211 0156 051 (0.375-0.645) 0.1767  0.492

Adjusted miR-212*° 0541  0.816 0.356  0.68  (0.558- 0.802) 0.581 0.036

miR-320a 1.000 0105 0.105  0.499 (0.365-0.633) 0.6411  0.487

Adjusted miR-320a® 0568  0.737 0.304  0.671 (0.548-0.795) 0.570 0.067

miR-429 0838 0447 0285  0.641 (0514-0.767) 0.0003  0.453

Adjusted miR-429° 0595  0.763 0.358  0.693 (0.573-0.814) 0.565 0.508

miR-483 0135 1.000 0135 0475 (0.341-0.609) 0.0005  0.495

Adjusted miR-483% 0568  0.816 0.383  0.676 (0.553- 0.800) 0577 0.022

Model ® 0703 0763 0466  0.722 (0.602- 0.841) 0.496

Adjusted Model © 0892 0632 0523  0.807 (0.704-0.909) 0.368 0.063
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? Adjusted miRNA was adjusted for MC interval, age, BMI and HA.

®Y = log (p/(1-p)) = -1.8255 + 4.1106 * miR-93 + 18.0284 * miR-222 - 0.1152 * miR-223 + 145.8 * miR-429
°Y =log (p/(1-p)) = -2.0454 + 0.0242 * Age + 0.0219 * BMI + 0.1168 * HA - 0.00689 * MC Interval +
3.6416 * miR-93 + 25.4973 * miR-222 - 0.1253 * miR-223 + 163.0 * miR-429
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# - = Metformin o5 = B ¥ 52 Tk & s o Rl ) PIpEPipa g i

MIiRNA #RBIPF | Metformin 7 >z Metformin & >z % 3 T VS.
R (n=37) (n=38) & %
miR-21 eam 2.3(1.42) P=0.003 1.88(1.12) NS NS
o ts 153 (1.04) 1.68 (1.26) NS
miR-93 e 0.28(0.13) P<0.0001 0.22(0.12) NS P=0.03
o ts 0.18(0.1) 0.18 (0.12) NS
miR-222 TR 0.09 (0.04) P<0.0001 0.06 (0.04) NS P=0.012
e s 0.04(0.03) 0.05 (0.04) NS
miR-223 o 8.01(5.63) P<0.0001 5.97 (552) NS NS
iaa s 4.15(3.23) 5.10 (4.30) NS
miR-27a e 1.64 (1.24) P<0.0001 1.14(0.76) NS P=0.04
ot 0.97(0.61) 0.87 (0.52) NS
Total testos- o= 0.71(0.37) P<0.0001 0.62(0.26) P<0.0001 NS
terone et 0.44(0.25) 0.47 (0.2) NS
FAI TR A 7.85 (4.63) P=0.001 8.87(7.0) P=0.013 NS
o ts 5.04(3.31) 7.03 (7.7) NS
FSH TR 6.66 (1.55) NS 6.23 (2.04) NS NS
o ts 6.11(0.29) 6.02 (1.82) NS
LH TR 12.1 (6.4) P<0.0001 11.9(5.4) NS NS
e ts 7.9(6.0) 11.4 (5.8) P=0.041
DHEA-S TR A 276.4 (105.5) NS 276.1(126.8) NS NS
e ts 302.1(139.9) 294.9 (127.2) NS
wE o 65.2 (17.1) P<0.0001 62.9(16.2) P<0.0001 NS
ind s 62.7(15.9) 60.8 (14.9) NS
BMI TR A 25.4 (6.8) P<0.0001 24.4(5.7) P<0.0001 NS
ek ts 243(6.1) 23.6 (5.2) NS
. 7] TR 87.8 (15.6) P<0.0001 84.8(12.1) P=0.005 NS
indts 84.4(135) 82.2 (10.5) NS
L]l TRy 95.1 (13.5) P=0.007 92.7 (11.4) P=0.01 NS
e fs 92.7 (11.9) 90.3 (10.4) NS
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HOMA-IR

e

MR AR g

2

® B g B

iz

R fe
e 1S
e 1S
e 1S
R fe

e fe

83.6 (7.8)
83.4 (6.1)
9.07 (9.20)
6.21 (7.33)
1.98 (2.12)
1.35 (1.72)
182.0 (31.8)
171.2 (34.6)
101.1 (26.3)
99.6 (27.9)
53.8 (12.6)
52.4 (9.3)

NS

P=0.036

P=0.037

P=0.039

NS

NS

83.2 (5.1)
82.9 (6.3)
8.93 (9.48)
9.03 (9.86)
1.87 (2.01)
1.88 (2.07)
202.5 (45.7)
194.4 (44.0)
117. 2 (40.8)
113.6 (40.7)
57.9 (12.6)
57.0 (11.8)

NS

NS

NS

NS

NS

NS

NS
NS
NS
NS
NS
NS
P=0.028
P=0.014
NS
NS
NS
NS

- Wi ARG TE (RERL)

- %58 * NSt not significant; FAI: free androgen index; FSH: follicle-stimulating

hormone; LH: luteinizing hormone; DHEA-S: dehydroepiandrosterone sulfate; BMI:

body mass index; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance.

YR E > HAARE R P<0.05 5 iR E o

- M) Pt pidiciE 1 P<0.0035 % .

- FeRRFEZPELAF ISR SRS > d BRI PELT

metformin 7o f 3 »clefrg sclefpit o
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#. -+ ~ Gene ontology analysis of miR-132

RNA polymerase Il-specific

Gene Fold FDR
numbers enrichment

GO biological process complete
regulation of nitrogen compound metabolic 251/5868 1.88 5.12E-25
process
regulation of primary metabolic process 256/6051 1.86 6.47E-25
regulation of macromolecule metabolic 256/6180 1.82 8.62E-24
process
regulation of cellular metabolic process 255/6245 1.80 9.73E-23
regulation of metabolic process 266/6707 1.75 1.50E-22
regulation of RNA metabolic process 185/3826 2.13 1.22E-21
regulation of nucleobase-containing 192/4080 2.07 1.39E-21
compound metabolic process
regulation of gene expression 202/4495 1.98 1.04E-20
regulation of macromolecule biosynthetic 188/4082 2.03 5.56E-20
process
regulation of cellular macromolecule 183/3952 2.04 1.62E-19
biosynthetic process

GO molecular function complete
DNA-binding transcription factor activity 103/1715 2.64 8.43E-16
protein binding 367/11958 1.35 9.21E-16
regulatory region nucleic acid binding 73/966 3.33 1.55E-15
binding 425/15183  1.23 1.83E-15
transcription regulatory region DNA binding ~ 73/965 3.33 1.83E-15
transcription regulator activity 113/2075 2.40 4.62E-15
DNA binding 126/2524 2.20 2.02E-14
sequence-specific DNA binding 78/1154 2.98 2.23E-14
proximal promoter sequence-specific DNA 50/562 3.92 1.02E-12
binding
DNA-binding transcription factor activity, 91/1609 2.49 1.16E-12
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http://amigo.geneontology.org/amigo/term/GO:0051171
http://amigo.geneontology.org/amigo/term/GO:0051171
http://amigo.geneontology.org/amigo/term/GO:0080090
http://amigo.geneontology.org/amigo/term/GO:0060255
http://amigo.geneontology.org/amigo/term/GO:0060255
http://amigo.geneontology.org/amigo/term/GO:0031323
http://amigo.geneontology.org/amigo/term/GO:0019222
http://amigo.geneontology.org/amigo/term/GO:0051252
http://amigo.geneontology.org/amigo/term/GO:0019219
http://amigo.geneontology.org/amigo/term/GO:0019219
http://amigo.geneontology.org/amigo/term/GO:0010468
http://amigo.geneontology.org/amigo/term/GO:0010556
http://amigo.geneontology.org/amigo/term/GO:0010556
http://amigo.geneontology.org/amigo/term/GO:2000112
http://amigo.geneontology.org/amigo/term/GO:2000112
http://amigo.geneontology.org/amigo/term/GO:0003700
http://amigo.geneontology.org/amigo/term/GO:0005515
http://amigo.geneontology.org/amigo/term/GO:0001067
http://amigo.geneontology.org/amigo/term/GO:0005488
http://amigo.geneontology.org/amigo/term/GO:0044212
http://amigo.geneontology.org/amigo/term/GO:0140110
http://amigo.geneontology.org/amigo/term/GO:0003677
http://amigo.geneontology.org/amigo/term/GO:0043565
http://amigo.geneontology.org/amigo/term/GO:0000987
http://amigo.geneontology.org/amigo/term/GO:0000987
http://amigo.geneontology.org/amigo/term/GO:0000981
http://amigo.geneontology.org/amigo/term/GO:0000981

GO cellular component complete

intracellular part

intracellular

intracellular membrane-bounded organelle

nucleus

nuclear part
intracellular organelle
nuclear lumen
nucleoplasm
organelle

membrane-bounded organelle

411/14628
411/14638
342/11046
259/7437
181/4506
374/12834
166/4109
146/3491
384/13654
361/12535

1.24
1.24
1.36
1.53
1.77
1.28
1.78
1.84
1.24
1.27

7.36E-14
8.05E-14
9.11E-14
1.05E-13
2.70E-13
7.00E-13
4.04E-12
2.38E-11
5.70E-11
8.73E-11

FDR: false discovery rate
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http://www.pantherdb.org/tools/compareToRefList.jsp?sortOrder=1&sortList=categories
http://amigo.geneontology.org/amigo/term/GO:0044424
http://amigo.geneontology.org/amigo/term/GO:0005622
http://amigo.geneontology.org/amigo/term/GO:0043231
http://amigo.geneontology.org/amigo/term/GO:0005634
http://amigo.geneontology.org/amigo/term/GO:0044428
http://amigo.geneontology.org/amigo/term/GO:0043229
http://amigo.geneontology.org/amigo/term/GO:0031981
http://amigo.geneontology.org/amigo/term/GO:0005654
http://amigo.geneontology.org/amigo/term/GO:0043226
http://amigo.geneontology.org/amigo/term/GO:0043227

# -+ 4 Gene ontology analysis of miR-27a

Gene Fold FDR
numbers enrichment
GO biological process complete

regulation of primary metabolic process 633/6051 1.55 1.90E-30
regulation of nitrogen compound metabolic ~ 613/5868 1.55 3.24E-29
process

regulation of metabolic process 676/6707 1.50 4.03E-29
regulation of cellular metabolic process 640/6245 1.52 5.57E-29
regulation of macromolecule metabolic 635/6180 1.53 6.67E-29
process

positive regulation of cellular process 573/5409 1.57 3.86E-28
positive regulation of metabolic process 429/3614 1.76 5.49E-28
positive regulation of macromolecule 401/3343 1.78 1.77E-26
metabolic process

positive regulation of biological process 622/6166 1.50 4.55E-26
multicellular organism development 533/5012 1.58 7.61E-26

GO molecular function complete

protein binding 1019/11958 1.27 1.83E-26
binding 1197/15183 1.17 2.18E-23
molecular_function 1316/17634 1.11 1.26E-20
ion binding 573/6287 1.35 2.83E-13
sequence-specific double-stranded DNA 132/900 2.18 4.14E-12
binding

regulatory region nucleic acid binding 137/966 2.11 7.66E-12
RNA polymerase Il regulatory region DNA  121/807 2.23 8.01E-12
binding

sequence-specific DNA binding 155/1154 2.00 8.06E-12
transcription regulatory region DNA binding  137/965 2.11 8.33E-12
transcription regulatory region 125/850 2.19 8.92E-12

sequence-specific DNA binding
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http://amigo.geneontology.org/amigo/term/GO:0080090
http://amigo.geneontology.org/amigo/term/GO:0051171
http://amigo.geneontology.org/amigo/term/GO:0051171
http://amigo.geneontology.org/amigo/term/GO:0019222
http://amigo.geneontology.org/amigo/term/GO:0031323
http://amigo.geneontology.org/amigo/term/GO:0060255
http://amigo.geneontology.org/amigo/term/GO:0060255
http://amigo.geneontology.org/amigo/term/GO:0048522
http://amigo.geneontology.org/amigo/term/GO:0009893
http://amigo.geneontology.org/amigo/term/GO:0010604
http://amigo.geneontology.org/amigo/term/GO:0010604
http://amigo.geneontology.org/amigo/term/GO:0048518
http://amigo.geneontology.org/amigo/term/GO:0007275
http://amigo.geneontology.org/amigo/term/GO:0005515
http://amigo.geneontology.org/amigo/term/GO:0005488
http://amigo.geneontology.org/amigo/term/GO:0003674
http://amigo.geneontology.org/amigo/term/GO:0043167
http://amigo.geneontology.org/amigo/term/GO:1990837
http://amigo.geneontology.org/amigo/term/GO:1990837
http://amigo.geneontology.org/amigo/term/GO:0001067
http://amigo.geneontology.org/amigo/term/GO:0001012
http://amigo.geneontology.org/amigo/term/GO:0001012
http://amigo.geneontology.org/amigo/term/GO:0043565
http://amigo.geneontology.org/amigo/term/GO:0044212
http://amigo.geneontology.org/amigo/term/GO:0000976
http://amigo.geneontology.org/amigo/term/GO:0000976

GO cellular component complete

intracellular

intracellular part

cell part

cell

intracellular membrane-bounded organelle
intracellular organelle

membrane-bounded organelle

organelle

nucleoplasm

cytoplasm

1180/14638
1180/14628
1293/17133
1294/17192
930/11046
1043/12834
1022/12535
1089/13654
366/3491
946/11673

1.20
1.20
1.12
1.12
1.25
1.21
1.21
1.19
1.56
1.20

5.08E-28
7.33E-28
1.45E-21
5.59E-21
8.70E-20
9.37E-20
2.92E-19
5.79E-19
4.39E-15
7.45E-15

FDR: false discovery rate
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http://www.pantherdb.org/tools/compareToRefList.jsp?sortOrder=1&sortList=categories
http://amigo.geneontology.org/amigo/term/GO:0005622
http://amigo.geneontology.org/amigo/term/GO:0044424
http://amigo.geneontology.org/amigo/term/GO:0044464
http://amigo.geneontology.org/amigo/term/GO:0005623
http://amigo.geneontology.org/amigo/term/GO:0043231
http://amigo.geneontology.org/amigo/term/GO:0043229
http://amigo.geneontology.org/amigo/term/GO:0043227
http://amigo.geneontology.org/amigo/term/GO:0043226
http://amigo.geneontology.org/amigo/term/GO:0005654
http://amigo.geneontology.org/amigo/term/GO:0005737

#. = -+ Gene ontology analysis of miR-222

Gene Fold FDR
numbers enrichment
GO biological process complete
regulation of cellular metabolic process 264/6245 1.75 5.14E-21
regulation of nitrogen compound metabolic
254/5868 1.79 6.72E-21
process
regulation of macromolecule metabolic
261/6180 1.75 1.15E-20
process
regulation of primary metabolic process 257/6051 1.76 1.28E-20
regulation of metabolic process 271/6707 1.67 3.42E-19
negative regulation of cellular process 207/4701 1.82 2.48E-16
negative regulation of metabolic process 149/2890 2.13 6.62E-16
negative regulation of macromolecule
: 140/2644 2.19 1.37E-15
metabolic process
positive regulation of cellular process 225/5409 1.72 1.47E-15
negative regulation of biological process 245/6166 1.64 2.03E-15
GO molecular function complete
protein binding 380/11958 1.31 3.53E-13
binding 446/15183 1.21 4.19E-13
molecular_function 483/17634 1.13 3.43E-11
RNA polymerase Il regulatory region
PO - J : .y J 57/800 2.94 1.75E-09
sequence-specific DNA binding
RNA polymerase Il regulatory region DNA
- Poly J yTed 57/807 2.92 2.02E-09
binding
sequence-specific DNA binding 70/1154 2.51 5.61E-09
regulatory region nucleic acid binding 62/966 2.65 6.29E-09
transcription regulatory region DNA binding 62/965 2.66 6.80E-09
double-stranded DNA binding 63/993 2.62 7.23E-09
sequence-specific double-stranded DNA
- 59/900 2.71 7.69E-09
binding
GO cellular component complete
nucleus 25717437 1.43 3.79E-09
intracellular 423/14638 1.19 4.74E-09
cell 470/17192 1.13 5.84E-09
nucleoplasm 146/3491 1.73 6.23E-09
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http://amigo.geneontology.org/amigo/term/GO:0031323
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0031323&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0051171
http://amigo.geneontology.org/amigo/term/GO:0051171
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0051171&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0060255
http://amigo.geneontology.org/amigo/term/GO:0060255
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0060255&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0080090
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0080090&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0019222
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0019222&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0048523
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0048523&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0009892
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0009892&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0010605
http://amigo.geneontology.org/amigo/term/GO:0010605
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0010605&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0048522
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0048522&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0048518&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0005515
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005515&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0005488
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005488&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0003674
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0003674&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0000977
http://amigo.geneontology.org/amigo/term/GO:0000977
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0000977&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0001012
http://amigo.geneontology.org/amigo/term/GO:0001012
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0001012&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0043565
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0043565&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0001067
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0001067&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0044212
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0044212&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:0003690
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0003690&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://amigo.geneontology.org/amigo/term/GO:1990837
http://amigo.geneontology.org/amigo/term/GO:1990837
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:1990837&list=Client%20Text%20Box%20Input&organism=Homo%20sapiens
http://www.pantherdb.org/tools/compareToRefList.jsp?sortOrder=1&sortList=categories
http://amigo.geneontology.org/amigo/term/GO:0005634
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005634&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0005622
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005622&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0005623
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005623&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0005654
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005654&reflist=1

cell part

intracellular part

nuclear part

nuclear lumen

intracellular membrane-bounded organelle
intracellular organelle

469/17133
423/14628
173/4506
161/4109
338/11046
376/12834

1.13
1.20
1.59
1.62
1.26
1.21

6.61E-09
9.39E-09
3.85E-08
5.02E-08
9.62E-08
3.38E-07

FDR: false discovery rate
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http://amigo.geneontology.org/amigo/term/GO:0044464
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0044464&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0044424
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0044424&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0044428
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0044428&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0031981
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0031981&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0043231
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0043231&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0043229
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0043229&reflist=1

# = -+ = Gene ontology analysis of miR-93

Gene Fold FDR
numbers enrichment
GO biological process complete
regulation of cellular metabolic process 649/6245 1.57 5.78E-33
regulation of metabolic process 677/6707 1.52 1.31E-31
regulation of primary metabolic process 627/6051 1.56 3.34E-31
regulation of nitrogen compound metabolic
604/5868 1.55 1.22E-28
process
regulation of cellular process 950/10941 1.31 2.18E-28
regulation of macromolecule metabolic
624/6180 1.52 4.68E-28
process
biological regulation 1031/12352 1.26 7.65E-27
negative regulation of cellular process 506/4701 1.62 1.76E-26
regulation of cellular biosynthetic process 466/4216 1.66 5.03E-26
regulation of biosynthetic process 472/4296 1.65 5.10E-26
GO molecular function complete
protein binding 996/11958 1.25 1.29E-23
binding 1176/15183 1.17 1.27E-21
enzyme binding 273/2238 1.84 5.62E-18
molecular_function 1286/17634 1.10 6.72E-16
DNA-binding transcription factor activity,
e 205/1609 1.92 1.21E-14
RNA polymerase Il-specific
DNA-binding transcription factor activity 211/1715 1.85 8.70E-14
transcription regulator activity 242/2075 1.76 9.53E-14
regulatory region nucleic acid binding 140/966 2.18 2.14E-13
transcription regulatory region DNA binding 140/965 2.19 2.25E-13
RNA polymerase Il regulatory region DNA
o 123/807 2.30 5.26E-13
binding
GO cellular component complete
intracellular part 1154/14628 1.19 1.55E-24
intracellular 1155/14638 1.19 2.09E-24
intracellular organelle 1033/12834 1.21 3.46E-20
cell 1272/17192 1.11 4.00E-19
cell part 1267/17133 1.11 1.67E-18
nuclear lumen 422/4109 1.55 1.43E-17
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http://amigo.geneontology.org/amigo/term/GO:0031323
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0031323&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0019222
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0019222&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0080090
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0080090&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0051171
http://amigo.geneontology.org/amigo/term/GO:0051171
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0051171&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0050794
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0050794&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0060255
http://amigo.geneontology.org/amigo/term/GO:0060255
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0060255&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0065007
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0065007&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0048523
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0048523&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0031326
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0031326&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0009889
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0009889&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0005515
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005515&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0005488
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005488&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0019899
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0019899&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0003674
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0003674&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0000981
http://amigo.geneontology.org/amigo/term/GO:0000981
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0000981&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0003700
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0003700&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0140110
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0140110&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0001067
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0001067&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0044212
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0044212&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0001012
http://amigo.geneontology.org/amigo/term/GO:0001012
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0001012&reflist=1
http://www.pantherdb.org/tools/compareToRefList.jsp?sortOrder=1&sortList=categories
http://amigo.geneontology.org/amigo/term/GO:0044424
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0044424&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0005622
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005622&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0043229
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0043229&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0005623
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0005623&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0044464
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0044464&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0031981
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0031981&reflist=1

nucleus 663/7437

organelle 1067/13654
intracellular membrane-bounded organelle 905/11046
membrane-bounded organelle 998/12535

1.34
1.18
1.23
1.20

5.68E-17
5.70E-17
6.23E-17
141E-17

FDR: false discovery rate
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http://amigo.geneontology.org/amigo/term/GO:0043231
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0043231&reflist=1
http://amigo.geneontology.org/amigo/term/GO:0043227
http://www.pantherdb.org/tools/gxIdsList.do?acc=GO:0043227&reflist=1
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