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Study on differentially expressed microRNA as a biomarker of polycystic ovary syndrome
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[Abstract] Objective:To explore microRNAs (miRNAs) as biomarkers of polycystic ovary syndrome (PCOS) and the biological significance in the
pathogenesis of PCOS. Methods-Five patients with PCOS from January 2019 to October 2019 in Renji Hospital, Shanghai Jiao Tong University School of
Medicine were selected as the observation group, and 5 healthy women were selected as the control group. Granulosa cells from 2 groups were collected and
RNA was extracted by TRIzol method. TruSeq Small RNA Library Prep Kit was used to construct miRNA-Seq library. After the quality inspection of the
library, NextSeq500 was used for high-throughput sequencing. Bioinformatics data analysis was performed on the sequencing results. RT-qPCR was used to
verify the differential expression of candidate miRNA markers. Results-We finally got 20 differentially expressed miRNAs (all P<0.05). Among them,
miR-196a-5p, miR-10a-5p and miR-451a were significantly up-regulated, while miR-877-5p and miR-2355-5p were significantly down-regulated. These
differentially expressed miRNAs and their target genes may be involved in the transcriptional regulation mechanism of PCOS occurrence and development.
Conclusion-Differentially expressed miRNAs have potential as PCOS biomarkers and are involved in the occurrence and development of PCOS.
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B2 %4 PCOS I A AT 43 FHLAR BT ) AR BT
AT B AR T E PCOS 1 5 AL R 1147
BRI S R AR IF ), ARG AL T
i miRNA-seq £ A, W42 3K 26 o L f k4 14 )y PCOSS
AR AR BY miRNA, 9 B PCOS 9 & s HL i . Bk
WL SRR Y S8

1 HEeERE

1.1 WEEATR

BRI b 1 230 2 s 2 B i J AU B B 2019 4F 1 ] —
10 H Wi iy 5 51 PCOS BB AR AL, AMEbRifE: £56
PCOS HIZWibRifE, 4B H . ALK E0 K RAEIRHHZ
T BRI S A fE B 1 L M S X R . AR AS ISR I PR
HERRETFEERAIZE R SER, 24X RS
RS RRRERATR L RS E R L, BATATHE

1.2 Kl jy ik

RAE 2 HNT G BURLANMT ,  FH TRIzol i 43 25 450 24 ffd
HRG A RNA, i ] Nanodrop One it Ui 436 0% BE 11 %643
BEARHI B RNA AT E S, 25 FH B e i H vicrs i)
RNA (528, PRIFSEIUS 2 0 8 RNA FTE 54 Bk
& % J5 i MR TruSeq Small RNA Library Prep iz 7l £
(Tlumina 23 7, SEE) 360 54 B #E 4T miRNA-seq 3CJ4
F#E, FFH Qubit 2 £ F1 2100 4: ¥ 43 Hr 4L (Agilent 247,
FKE) #FATCEREEE; CERKEAKEH
NextSeq500 (Illumina 2y r), JEE) #E47EEEN T ; 4K
15 7 &5 S 0 SR U B0 5 % R AT 808 e . R A RT-
qPCR S B0 I 2 S 4 I P 245 SRy ] e, [) o 36 1o
miRNA bREYIE A S A 25 5 Rk

1.3 Bdhnbr

miRNA-seq /7 5 SR AF AR EAE (raw reads), 2t
ARk, KI5y XS HILNEA, 58 TR
(clean reads) #ATISZEMIME BT, AHELIT YR,

(1) f#i FH Cutadapt (version 3.4) FiJ¥ PR A4G FHL
BAErh sk T .

(2) ffi i Trimmomatic (version 0.39) #2&F Z&H{IL 5
T4, 3% clean reads.

(3) fifi Ji§ FastQC (version 0.11.9) FJ¥ 4 it clean
reads (AU &, PRER 15~35 nt ) i B4 TR 2250 HT

(4) ffiFH bowti2 (version 2.1.) F2/5 % clean reads [t
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SR Z %N, F miRDeep2 (version 2.0.1.2) T.H
47 novel miRNA 9 Fitill

(5) ffif bowti2 (version2.1.) F2/F¥f clean reads kX
#| miRBase (version22.1) /) known miRNA i /% I- .

(6) f#iJf edgeR. DESeq2 Ml limma 3 J5 it 47 3 A
FIk 2 Sk, JFXF 25 5 3K 38 miRNA 17 HE 5
T

(7) i FH clusterProfiler (release 3.13) #EfT LK A4
Bl (Gene Ontology, GO) st #f 4 [ ALK 26 7 B
o
KEGG) &40,

(Kyoto Encyclopedia of Genes and Genomes,

1.4 RT-qPCR il

Bt R miRNA #9519 (1), {1 PrimeScript™
RT A/ Kit (RR037, TAKARA) #FATiif65¢, Wik k)G
R U5 97T QPCR, SEI A 39, FEAIH Excel
XS B AR AS 1 CeE#EATIES . 45 1 > miRNA 1Y
27 FIH] Graph Pad Prism 7 #E47 15 (€]} 22 5243 b7, ik
— LW AT T PCOS 12 Wi A IR 590

F1 miRNAS|#F3(5—3")
Tab 1 miRNA primer sequence(5'—3")

Primer Sequence 5'—3"
hsa-miR-196a-5p GGGTAGGTAGTTTCATGTT
hsa-miR-10a-5p GGGTACAGTATAGATGA
hsa-miR-451a GGGAAACCGTTACCATTAC

miRNA
hsa-miR-877-5p GGGGTAGAGGAGATGGC
hsa-miR-2355-5p GGGATCCCCAGATACAAT
Adaptor GATCGTCGGACTGTAGAACT
2 &R

2.1 BEPAR K I v 4y BE B HO L DA g

ABIFFERT 5 X5 A A (18 0 7 BOH0E AT 0 26 0 B VT A
Je, R PESRBATIEE . 4328, IR T miRNA %
iR, BET SHEEART 1191 4 miRNA B9 # 5. FA]
PE— 2543 548 1] edgeR 42 . DESeq2 {0l limma {7, Xt 1
191 % miRNA #E175E K 35 22 R 400, X =R RALW
ZERME R, BARH T 204K A EEFHA
GiiteE i LA miRNA ([ 1A), Hirp{u 4% hsa-miR-188-3p
411 433K E 18 miRNA Fll hsa-miR-2355-5p & 9 2 FiA T
P4 miRNA (B 1B). Ffif5, FRATHE2E 57 RK 0 miRNA #
FFTEREIH, /M T PCOS B 51E Lt ks
1 miRNA F A P22 5 AU, TR
FEA Y DhRg s O AL R A B oiae (K 1C) .

Vol.41 No.11 Nov. 2021



L RFE B RNA M N ST A i Wbk iBise | 1431

3L . hsa-miR-188-3p
A
hsa-miR-2355-5p
hsa-miR-4440
7
. | s i
hsa-miR-6509-5p hsa-miR-10a-5p .
hsﬂ_"/liR_54gar_3p hsa-miR-3136-5p— * hsa-miR-205-5p
2r 7, hsa-miR-877-5p hsa-miR-18a-5p  hsa-miR-141-3p
/ /-.sa-miR-433-3p s
o -miR-196a-5p* . hsa-miR-12129—o_, | * L
T‘-_“, hsa-miR-196a-5p - « —hsa-miR-210-5p / L. Slgmﬁcant
> « hsa-miR-597-5p * hsa-miR-1299 . -up
_ . ) LN .
o . . down
= -normal
.
1 i .
o
0 +
2.5 0 2.5
logFC

sample type Sample type
hsa-miR-597-5p Normal
hsa-miR-6509-5p 2 Patient

hsa-miR-196a-5p
hsa-miR-433-3p
hsa-miR-1180-3p 1
hsa-miR-210-5p
hsa-miR-548ar-3p
hsa-miR-937-3p
hsa-miR-2355-5p
hsa-miR-877-5p
hsa-miR-4749-5p
hsa-miR-100-3p
hsa-miR-5696
hsa-miR-429
hsa-miR-141-3p
hsa-miR-10a-5p
hsa-miR-205-5p
hsa-miR-19b-1-5p
- hsa-miR-20a-3p
hsa-miR-1299
hsa-miR-346
hsa-miR-4504
hsa-miR-18a-5p
hsa-miR-144-3p
hsa-miR-20b-5p
hsa-miR-548b-5p
hsa-miR-3136-5p
hsa-miR-4440
hsa-miR-501-5p
hsa-miR-510-5p
hsa-miR-12129
hsa-miR-1298-5p
hsa-miR-188-3p

S £ £ £ £ § £ § g g
g &€ & 2 & 2 & & g &
— o < o w Vel o < — [sg]
z z z z. z & ~ B A o~

Note: A. Intersection of edgeR, DESeq2 and limma analysis. B. Volcano map of differential analysis. C. Hierarchical clustering heatmap of miRNA with differential

expression.
1 miRNA ZZATHER
Fig 1 Results of miRNA differential analysis
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2.2 HROEPI N B ik 4R 5T

L X 20 45 25 5 H 3k miRNA E— 40k, e HL P<
0.02 1% 13 4% miRNA Fll K ik it 22 S A5 80 o 8 5y 11 5%
miRNA, B HCEE, R8T 9 5% miRNAVE &L A )
Fri&i®, Ho hsa-miR-10a-5p. hsa-miR-1299 . hsa-miR-
4440, hsa-miR-451a, hsa-miR-196a-5p Hl hsa-miR-188-3p
J ik EYHIEP, hsa-miR-2355-5p. hsa-miR-6509-5p #il
hsa-miR-877-5p K ik N IHFEH

9T RS 24 5 3K miRNA 78 PCOS k7 20 g Hh (1 14
VEVER, 435048 FH &8 %2 mirDB Al TargetScan X iX 9 55 fi
TEAE WIA5 A ) miRNA SEAT RO FOI , I 2 A s 12

Xenobiotic glucuronidation-
Uronic acid metabolic process-
Pattern specification process-
Glucuronate metabolic process-
Flavonoid metabolic process-
Flavonoid glucuronidation-
Bilirubin conjugation-

Tetrapyrrole catabolic process-

Positive regulation of hormone secretion-

Positive regulation of cardioblast differentiation-

PML body organization-

Neural retina development-

Negative regulation pf transmembrane receptor protein serine/threonine kinase signaling pathway-
Negative regulation of cell-matrix adhesion-

Heme catabolic process-

Embryonic skeletal system morphogenesis-

Blastocyst growth-

GO term

Transforming growth factor beta2 production-

Pigment metabolic process-

Pigment catabolic process-
Homeostasis pf number of cells-
Erythrocyte homeostasis-
CRD-mediated mRNA stabilization-
Cellular response to drug-

Cellular glucuronidation-
Anterior/posterior pattern specification-
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FA) LS PR 0N 25 SR SE B, A B e 2 T A PR o 435 2R
FfiJ5 , f# FH ClusterProfiler i XJ ¥l 5& R 17 T GO & 447
P KEGG &8, #E— R I¢ 3 22 5+ 15 miRNA
1E PCOS i bl H i R W27 5 S M4l GO & 4 43 b
RN, Rk Yhs B Y miRNA UL NES EET L
B2 3G 5 e FER T L ARG R I TR L IR E AR,
Hrp F2Eh T R N GE T (K2A). KEGG &
LTSS SRR, 257 K5 miRNA (UL R 2 E £ F
T2 ARG S . EERES R A A . 875 268
T AR T am s . WAL ER AR R B A A g
(E2B).

ssa00u1d [eo130]01g]

Ontology

. Biological process
. Cellular component
. Molecular function
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Regionalization-

(=]
o
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(=]
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T cell receptor signaling pathway -

Steroid hormone biosynthesis-

Signaling pathways regulating pluripotency of stem cells-
Retinol metabolism- o

Renal cell carcinoma-

~logio(P adj)

Prolactin signaling pathway -

Porphyrin and chlorophyll metabolism- 3

Pentose and glucuronate interconversions-

Description

Metabolism of xenobiotics by cytochrome P450-

PD-L1 expression and PD-1 checkpoimt pathway in cancer-
Neurotrophin signaling pathway -

Count

Herpes simplex virus 1 infection- ®;
Hedgehog signaling pathway -
Growth hormone synthesis secretion and action- . 10
Drug metabolism-other enzymes- . 15
Drug metabolism-cytochrome P450- ‘ 20
Colorectal cancer-

Chemical carcinogenesis-

Cellular senescence-

Ascorbate and aldarate metabolism- o

Note: A. GO enrichment analysis. B. KEGG enrichment analysis.
B2 BERANIEEESTER

Fig 2 Results of functional enrichment analysis of target genes
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2.3 RT-qPCR:¥595iF

T miRNA-Seq £ AL B 15 2N A9 LR LR F R, 7
M2 R FGA N miRNA I ENLEkIE S A JEE (34~ i,
24T, B miR-196a-5p. miR-877-5p, miR-2355-5p,
miR-10a-5p FlmiR-451a) &it514), SAJ5FIH qQRT-PCR 5
B X PCOS £H 5% BREF I RAEAS R4 T 1R e . 255840
K378, 5 miRNA f qRT-PCR 25 5 510 5 8080 73 b 45
B, PSP A R A AT SEPE . IR, miR-
196a-5p (P=0.005) . miR-10a-5p (P=0.009). miR-877-5p
(P=0.002) . miR-2355-5p (P=0.008) . miR-451a (P=
0.041), 5% miRNARILZEFHHAGI¥E L, £Y
X 5 %< miRNA BA1E N PCOS AEWihrE Pk fie .

20 o @

[ Control
[l miRNA-seq
I RT-qPCR

[
——

Relative fold change

(=1 w
|
|

R K =R <R
& S » ' ]

/\O) -Q‘:\ 8— el
S ¢

& &l
N ® §Q~

Note: “P=0.005, 2P=0.009, *P=0.041, “P=0.002, ©P=0.008.
E3 #IFART-qPCRERIIE 5 miRNA EEEWIREMNERRIELER
Fig3 RT-qPCR validation of 5 miRNA candidate markers

3 idie

PCOS 2 H IR I WA /T RGN, 25
EAEFEEIEA G R £ X PCOS A2 ik SR T
HizWibaifE, 5 PCOS MY Sy EEL A 2 Wi A= Wnbr ity
P TERESE . P58 7 £, ZFmiRNA S5 T PCOS
PG 1) S e R S B . miRNA Y 5 F K Bl b ] fig
Z 5 PCOS WAL B A, (AR . e %
E71MN 377 G- /SN A 7 W 113 1 s S N 1
5 ) 1 2 T 5 2 0 9 miRNA - (miRNA-seq) %A,
A WA A O A R I 43 B T 5 PCOS A K1Y miRNA
VE R A AR 4 o 243 M F B J00AE 40 A 1 miR-196a-5p
miR-877-5p. miR-2355-5p. miR-10a-5p #l miR-451a % ik
%S BAGHE L, RT-qPCR SE 56 25 B WA 0 vk 1 1y
miRNA HAT 18 PCOS A=W s W T RE

miR-196a-5p J& — Flt 7 Hit i 19 5 2 Fi b 98 #H G 19
miRNA ' Zhao % """ YW 58 K B, miR-196a-5p 2 #%
K459E 8% RNA (long noncoding RNA, IncRNA) GASS
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FEAEE R, DT O S Y K R . PCOS S —Fih i
Ze ISR, HAE PCOS (12 V5 A R 22 B
AR T 2 1M L AR R S R R RE 1 KU o i — L
KGRI, ERLEA PCOS Mt , BRI
(& R AT BE BT 1R, PCOS H 5 00 LR i 5 2 (]
WAFFE— LM R AR, WA AR, D&%, (HPCOS
PR R SRR A 2%, HRTM RIS RE
KT miR-877-5p B 53¢ H Aif 5 2L v 7 b Jeg @ik,
1M H 5 PCOS B M AH SE VR A R IFSE . Yan %5 1 R B,
miR-877-5p i i #L (1] CDK 14 Ml 4N AE K . TR FR 28,
840 6 g 200 B R B AR . B RSN, Lt
A BREA 124K F R . HEDY, Z )58 A
IR, 1 PCOS B M UN AN RE & B L, BRSNS
FRZA/NERI, LA $ 5 I 24028 Yan % V¢ 1)
F 58 % B miR-877-5p AJ L3 5o $ (] CDK 14 30 il 40 a4
K, 0 CDK14 /27543520 9 5 b B 4 & & 30 A R ot
H i ¢ F miR-2355-5p B FE 8/ . A 1) — L 5%
FW], miR-2355-5p NALSHEAE 19 & JEAC ', b 1
PESE NG 19 & A= 4 56 . Tacomino %5 N R I T 3 4 AE
miRNA A5 15 A AC JHE AR S AR 35 0 A0 37 A Wb s
FIAEME, miR-2355-5p 2 H 1 %5 1 A FIAR SC AR
AL PCOS /38 1T BE H B AE IR . X TR & miR-
2355-5p . HLA 1E R PCOS 2 Wi Wbr a5 1V BE -
Wang %5 2! % ¥l miR-10a-5p 75 U1 §L9 5 3% 09 1
W FIE, W LEN P U AR R A M2 W A bR
M Guo 2% 2" % I miR-10a-5p Fit 3 K 20 4" 48 RN 2 ke F
B E5 g A0 N 1) 39 58 FN AR 2% o I BB A58 %2 B miR-10a-5p 5
P EE R E R EA L, BIUR T miR-10a-5p 5 PCOS Z[H]
A REAEEEE R . ULAL, A g P KW, miR-10a-5p 1)
mRNA JE 5§ bR 5 45 45 20 208 5 ARG, A IR h iy
miR-10a-5p 7] DA ¥& 97 4% 4f 41 214 K B+ (connective
tissue growth factor, CTGF) ™', Tfij CTGF 7E PCOS [ b}l
Wk F BEAS SCHE DY e fig o B b R I AR, AT RE RN
BEHEAE KK F 1 (insulin-like growth factor 1, IGF-1)
PR FHAR (4 PCOS %A= P X SEiEHE £ W, miR-10a-
SprlES 5 T PCOS Ik E KR,
miR-451a B\ Ry 76 2 F g vh R FEVE o B0
e, AWESE P W miR-451a 76 S BURFEA T T, I
A REIE R Y5 PI3K - Akt {5530 % Fl EREG 2 5 B S 1)
KRR, H—2effsy " R PCOS 55 HUE Z R I A
FEPEA S SEHE . KA, Diaz &5 ) 4% HAT PCOS 1 31 4
HAEWLZEEIT T PCOS WA YIAREW MBS, M1k
P miR-451a X} T2 Wi PCOS H. A 100% A i 8% 5 A4 5+

RS AR (BT L 2021, 41(11) @



1434 | tHmBASER (FE2HR)

B, ATLAE T B W PCOSIE W IR YT I AE Mrbr s .

MEELL ETHE A, AL I miR-196a-5p Fil miR-
10a-5p ¥ 5 P 5198 (19 25 AH G, H miR-10a-5p A] 3 4
¥ CTGF i PCOS & 4, miR-2355-5p Hl miR-451a #f B
A AE R PCOS Ko HAH 5 52 A4 95005 1912 Wi 26 W b s 0 199 1
fig, i miR-877-5p U1 Al fiE 5 PCOS Y & 1L KA X GO
MKEGG & /M4 £ W], miR-196a-5p. miR-877-5p .
miR-10a-5p FmiR-451a S4RAE M A . BESE M- ¢,
miR-2355-5p W] 53 &K 70 W 5 ACHH ZE AL OC, miR-196a-
5p. miR-877-5p, miR-2355-5p, miR-10a-5p Fl miR-451a
BInleidE g m A SRR Rk, S SRS IR,
M B0 PCOS 1Y % A % o

W R, iR R 29 Pcos kA T,

miR-188-3p7  miR-196a-5p1

MAPK13 NRAS
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AL B R 2> 5| & A ALV % (oxi-dation stress, OS) 7KF-
By e i, M AR i £ B 6 P 4 (reactive oxygen
species, ROS) H 3, I T8 L Rl s
Ji 5 R s AR N B AR 4 R (luteinizing hormone,
LH) X HERE o il s B AR 2, Rl 3R K
FIE I A — RS PCOS KA, TEARDIFEH, T
miR-2355-5p A HI 3L K| DHRS4 Fl DHRS4L2 i i ¥ 25 B AT
HE 5 1R OS A, )45 S B 2R /K P15 I 5 PCOS
B &4 FeAi T & PR miR-188-3p/MAPKI3 . miR-196a-5p/
NRAS Fl miR-4440/GSK3B 353l 11 4 7L 2 15 5 30 A1 1k Ji
By ZRIp, SEARA LH/KF ETHRRZ™ 4 PCOS £ AL,
AT AHIETE I K BLIK) PCOS P & 2L K e 0 SR L
AT T EZs, WK 4,

miR-4440 1

GSK3B

Prolactin signaling pathway

Insulin resistance
ROS T prd  Insulin T

miR-2355-5p |
!

DHRS4, DHRS4L2

Retinol metabolism

zm
4 PCOSHEIREEEZ RN FREAEIE

Fig 4 Transcriptional regulatory mechanism of PCOS occurrence and development

A B G RI HHE T B 19 miRNA-seq F AR, M
A LR ZH 3 BT T SURE 48 i miRNA 15 PCOS #3054
YIRS WTSE , 57 T PCOS ¥%% miRNA £ ik, If
WA S SR R TR R E R KRB
miRNA K LB B, GiE B T 50K 28 A ' miR-196a-5p
miR-877-5p, miR-2355-5p. miR-10a-5p Fll miR-451a B4
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