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Upregulated Ribosomal Pathway Impairs Follicle
Development in a Polycystic Ovary Syndrome Mouse
Model: Differential Gene Expression Analysis of OQocytes

PIR-12 331 B MR8 s AT
LN ESEEREE T L~ 7 R ZBIT A U AR Y — LR
Ty 7L Xal—g NAIIAORE ZHET S

LB RFPRFGEE LRI e EFEL
FBH - BRI PEm AR B
(P& - AR KB Zd%)

v %A



[#&E]

% & i M P BLE e A (Polycystic Ovary Syndrome: PCOS) iZ, ARARIA, &7 > Ku
VISE, ZREMMEINRE R EE BT ONSIWMEER TH D, PCOS IXMEMEAM O LMo 8-
13% TRO BV, INFOREEELZ LV, RIEEORRK & 725, £72 PCOS 1.0 M
PERESCHERF EBEENH L ZERMONTEY, TORELY 2HMHOREBLEE X
BNTWD, 4 FETIT, Mk, B, BRI, T84 AR ERI B 2 i o
TOBIBFET BT, WS O0oEBEFAEHRIATEY, 260 EKRT
MINIWIRER, A A VEPIESCE T > e gk, PifEE & oB#E L T b
ENRBINTWD, £72, PCOS g L LT, K FE- FERAK-INEEIZB 1T D
NRWARLE L DRENEZ LN TWDHA, PCOS DORIEMF T RITITMH I T
W2, RBFE T, & DTS EREECTH DI 7 ICxt 35 PCOS D 8B % ff it 3
%7-%, PCOS ET /L~ ADIF1 % H T, B EEE /5T (Differentially Expressed
Genes: DEGs) B XWX DNA A FNALIC K D2y = X7 ¢ v 7 B &L, WA %
FETHZEEHBE LT,

[ &Kk O]

PCOS [T+ EWNDET v Fu 7 U BRENRIRICEEZ 5 2, LJHEH T PCOS %5l
TEZIFTEELOENTEBY, 46, 4k 16~18 H H® C57BL/6] ~ ¥ AT, 250ug/H
D50 Ve FrTFAMAT o 2R THRE L, £OF% PCOS £7 /b~y AxE& LTHE
B L7z (Fig.la), ~ 7 A DORBBIRE , MW, IPEAEBIZREBIZ L - Tl L7z, 7-
OB D~ T ANGLEII L, xtRHE. PCOS BEZN AL 3T D RNA v — 27 = R (C
X 201 DBAR TR BUEAT I X O Post-Bisulfite Adaptor Tagging 1512 & % DNA X F /L
{LfEAT 21T 70 > 7o, A ENER 1 OfiEHT 21X DAVID Bioinformatics Resources 6.8 & L <
IZ the Kyoto Encyclopedia of Genes and Genomes Z W THEMT L7z, & LI~ ADIY
B 2 VDT Rps21 & L < 1X Rpl36 # v 37 OIIFI2 BT 5 i sk S s 4 2 17
2o T,

[#E2]

PCOS ET /L~ U AREIIRI Gt & e~ (REZEICIEZET 722 < (Fig.1b) . G EH o
F (Fig.le) & 2 BIEE O INRIEE & HIKO B (Fig.1d) 2789, BEH L Rkl e Fo
PCOS LI L TWVWD Z L NHER TE 7-,PCOS E T /L~ 7 AFEDJIE TlE | small antral
follicle IZFB W TIERRFRIIC AR INF O RIS RFREE vs PCOS ET L~ T ZRE,
26.3%+8.4% vs. 44.2%+16.0%, P < 0.05) 23 ¥4 0 L 72 (Fig.le), S HIZRNA ¥ — 7 = A
2L D EEEE T OFER, PCOS ET /L~ 7 ARETII AL L LE L, 90 fHD
DEGs 2358l L5 L. 27 fHl® DEGs 23 BUE ~ L 7z (Fig.2a), Bin DA b o ¥ —fiE
HrCi3EE EABETIIREICEDLS O, BEE TH CIIMERICEDD b O
H &7z (Fig.2b,e) o /N A T = A fif#fr Dt K . PCOS v 7 A DIFF T 5 2 DEGs (Rps21,
Rpl36, Rpl36a, Rpl37a, Rpl12211) A3, U AR Y — A BEREE © EF LTy 7z (Table 1), DNA



A F ACIENT O FEF TIE, PCOS ET7 /b~ 7 ZAHET 30 U T DK A F (b8, 10 7 Fr
D A F ALTEIR Z 58D 7223, DNA O A F A b bid, BELEEE - & T/ =R
DI o T, BPE AL P Y TIXIN R DR E B I K o> TN DY agR N R 72 1 |
HKEBRBEOYHOIIMIE L, Rps21 & Rpl36 OYRERENAEICLEFLTWS Z L0
B & 00T 72 - 72 (Fig.3a,b) . {5 7% Bl % Quantitative Reverse Transcription-Polymerase
Chain Reaction (QRT-PCR) ¥ CHiFE L, Rps2l, Rpl36 & H 5 % PCOS ET /L~ 7 ARET
FELEN B L Tz (Fig3d,e), F72. JVEAIKT Rps21, Rpl36 # /37 DY D
Qe R A MGE L, W& 28 Ly P Ix A EIC EA L Twis (Figdfe) . Jilas
4 SOOI FEREIZ /o, REREDEWEMRIEL, PCOS E7 /L~ 7 AD small antral
follicle DB CHEIC EH L T /= (Table2), £ 72, DNA X FILALENT TITAK 2 F v
LRI AY 30 fElEk, @& A F Uk 10 sl B S 7z 2y, 4l DNA A F (b2 i
FEIR & BB EER T O R DX, A T ALK BAEIR & T A7 O 55 B ik R % FF o il
¥ T, RELH LB TFITRO R T,

[&%£]

AW TIL, PCOS ET N~ U RAZER L, U2 HWIZBE T 21778 5 72,
PCOS ET /=T AZONTiX, IBilAZR<, AREMORE & 2380 I0 kOt /LA
BOBIN, BTV TRETHRD NS PCOS DAL CWAHETILEEZ LR
72o PCOS [ZHEINEE ., IF+OEDOETOD, BERICBWTAREL 25 2 L AR
L%, HEIRREEIIINAEE N IEFEICETE T, NIao B TREEELTLE N
I & 22 BN ERFREREEZE X OGN D, IR E I FSH JEEK A S L < I3KAF
PEICHE T 2B b, FSH FKRAFMR T OB ORI & AMH 07
Y Rue RN pwEns, AMH O EHIZFSH OERAZMHI L, FSHIZL > TT7 > K
BN DTA NR U ASOBEBRNEZ 52, PCOS TlXaifakiifantEx s 2 & T
AMH 7 v Fa o nB iz EH L, FSH Al s Z & T A b Ao ~0iE
WPEXTET Ra kg s 2%, 418l small antral follicle (B~ 0 fij falH JF (2
FHY) DBEFE T, Rps2l & Rpl36 EHD LA N A LD ONT-, 2 b VAR Y —LMEHEE
BAORBEEFIZEIY ., DNIEOENEZ 52 LT, @ElZe AMH 2pEA S, FSH
BEZMEE S OIIIC W T FSHICH T 2 MEME T L, IFRR A A FLET 2 & & 2
b,

FIRBEBEL T CIIBRERSY A Vv 7 v a VORI T2, Jifaic
BT DI FER MR DM E/ER ZHET 52 & T PCOS IZBITHIFOEMMET
L. FEDHEIIC D705 Al REMEN/RIE S v,

[ 3E

PCOS ET/N~UAZMERT 52 LT b M TEHEZHOBRIETOMPIT NINEETH S
YR DFEHT 217 72 o 72, PCOS (ZHRFHEHI 72 B R R I C O R FEF (L1245 BER 1 f#
FrefEnizy Ry — N8B FRENBLE L TV 2 ATREMEN R S v, JRiEfRI o —
BybZenEZX BN,



Table 1. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of
differentially expressed genes.

KEGG term name Genes P-value

Pathways in which upregulated genes in PCOS group are enriched

mmu03010: Ribosome Rps21, Rpl36, Rpl36a, Rpl37a, and Rpl2211 0.0049
Pathways in which downregulated genes in PCOS group are enriched
mmu04530: Tight junction Myhl5, 4930544G11Rik, Myh7, and Cldnl0 0.0284

Table 2. Rps21 and Rpl36 staining intensities in preantral, small antral, large antral, and preovulatory
follicles.

Rps21 Staining intensity
Follicle type (1+) (2+) (3+)
Preantral follicle Control 159 (61.2%)
PCOS 145 (60.7%)
Small antral follicle * Control 42 (16.2%) 21 (8.1%)
PCOS 24 (10.0%) 36 (15.1%)
Large antral follicle Control 33 (12.7%)
PCOS 32 (13.4%)
Preovulatory follicle Control 5(1.8%)
PCOS 2 (0.8%)
Rpl36 Staining intensity
Follicle type (1+) 2+) 3B+t %
Preantral follicle Control 87 (62.6%)
PCOS 70 (59.3%)
Small antral follicle * Control 14 (10.1%) 20 (14.4%)
PCOS 3 (2.5%) 29 (24.6%)
Large antral follicle Control 17 (12.2%)
PCOS 10 (8.5%) 3 (2.5%)
Preovulatory follicle Control 1 (0.7%)
PCOS 2 (1.7%) 1 (0.8%)

Note: Values represent oocyte number (%) at each follicle stage.
*P<0.01. The Mann-Whitney U-test
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Fig.1 Assessment of bodyweight, estrous cycle, and ovarian morphology in polycystic ovary syndrome (PCOS) mouse
model. a Schematic illustration of oocyte retrieval. s.c., subcutaneously. b Evaluation of bodyweight. Data are presented
as the mean =+ standard error of the mean. ¢ Representative estrous cycles. E, estrus; P, proestrus; and D, diestrus. The
PCOS mouse model mostly exhibited irregular estrus cycles. d Morphology of the ovaries. Bars, 200 pm. CL, corpora
lutea. e Percentage of unhealthy oocytes in each follicle stage. Data are presented as the mean + SD (n = 10). *P <0.05
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Fig. 2 Differentially expressed genes in oocytes from a polycystic ovary syndrome (PCOS) mouse model.

(a) Volcano plot with default log (fold-change) thresholds of —1 and 1 and an adjusted p-value threshold of 0.05. The
expression of 90 genes was upregulated (> log (fold-change) thresholds of 1), whereas the expression of 28 genes was
downregulated (< log (fold-change) thresholds of —1). (b,c) Results of gene ontology (GO) analysis performed using
DAVID Bioinformatics Resources 6.8. GO terms in which the upregulated (b) and downregulated (c) genes are enriched.
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Fig. 3 Immunostaining of Rps21 and Rpl36 in the ovary.

(a) Rps21 and (b) Rpl36 immunohistochemical staining intensities in the oocytes of the preantral, small antral, and
large follicles from control and PCOS groups. Bars, 200 um. (c) Negative control for immunostaining. Relative mRNA
expression levels of (d) Rps2! and (e) Rpl36 were quantified by qRT-PCR. Expression levels are shown relative to
[-actin expression. Data are shown as the mean + SEM of assays conducted in duplicate obtained from four ovaries
from the control and PCOS groups. Histology scores of (f) Rps21 (n = 260 oocytes for the control group; n = 239
oocytes for the PCOS group) and (g) Rpl36 (n = 137 oocytes for the control group; n = 118 oocytes for the PCOS
group) immunohistochemical staining intensities in different follicles of the ovary. Data are represented as the mean +
standard error of the mean. *P < 0.05 using the Mann-Whitney U-test.





