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Study on the Correlation between Serum miR-93 and Ovarian Cancer
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Abstract  Most patients (70%) suffered from the ovarian cancer (OvCa) were diagnosed in advanced stage. It
is essential to find out the non-invasive biomarkers to facilite the early detection of OvCa. This study was designed to
investigate the role of miR-93 as a potential biomarker in the early diagnosis of ovarian cancer. We collected the serum
samples from 12 healthy subjects, 12 benign tumor patients and 12 malignant tumor patients, respectively. Then Real-
time quantitative PCR (qRT-PCR) was used to detect the levels of miR-93, miR-21, miR-200c and miR-let-7f2, and
the ROC (receiver operating characteristic curve) was analyzed by 2“ method. The results showed that the relative
level of miR-93 in ovarian cancer patients was significantly higher than that in the control group (P<0.05). miR-93 had
a high diagnostic value (AUC=0.889, sensitivity=0.917, specificity=0.833). These results suggested that serum miR-93
could be used as a potential early diagnostic marker for ovarian cancer. And the serum miR-93 as a supplemental test
of existing diagnostic methods was expected to improve the clinical detection rate of ovarian cancer.
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BSTEAAFRENLETO% LA B, PR, 3961 596 1)
Rl my URHRFE$8 & B F I Tifs . BT bA, 8UK. %F
SR B R AR T A B TR 2 . 2 A T
IRITROR, it — B 5 m A A7 0,

CA125(carbohydrate antigen 125)7& H Hil i 7 F
T 00 O e ) AR AR A, AR T 5L IR B
P R AT IC 3I40% 7. LA, EpiESEEp
A E — > v XU B9 N PP 3R AT CA 1250 ade, 000 Y
B R B K 2 A TR IR B . P B, dB D)
AR TN R B A hR SN CL BT I T
M EESE S CA12540 IR R85 58 AUy 3 s G I
G S B

BT 9T R 7R, miRNAYE A — 28/ 7 7 iR 4%
RNA, 1T ENEMIA MG PR E, BB AT
A R N S50 0 375 Je A 10 1L 35 A 5 R AR 4T
miRNANAEIRAGRNA, 7E 5 5 J5 7K1 0 i K] 22 1k 1
PR E AR UM, RGN B BE A4 i
W e A EER U, I TP AR AE A miRNA
HA 5 AN b eg SRR < s 4, 5t TR A2 e
fifi e PRI miR-let-7"14 12 W 25 17y i FJmiR-14105191,
2T 5P S 1 miR-9255 ! B FE AR S, £E T 1 i
Je HmiRNAFE R B AN T IE W N R AZ .
SEmiRNATE i i 8 1R N 2R T 34, 8 4 i as v 1)
let-71 [ 1ML H (ImiRNA-15/16, #A2 i I8 00 i) 2
(R, 53 ) 0 1) Ji 368 2[Rl Ras F1BCL2(B-cell lymphoma
2)FF IR, A7 HemiRNATE S AE & 7k 1 R ik b
W, 9] JmiR-21 FImiR-17-923E [ #%, X b6 J5 e Jik [A]
G IV 1) SIS kR R IV 2 298 P P R e 14 e e 47
il] B Xl PTEN(phosphatase and tensin homolog deleted
on chromosome ten) 1 E2F1(E2F transcription factor
D2, CE BT TR B, 9N 5 R AR P SRR T
Jed 41 i F) 706 FAmiRN A 5 & 8 i 987 fmiRNAA B
S B AH S VRN, Ry S M B 7 PR miRNAT] A 8 ik R
miRNAZEAT IR i B2 IS, B B2 s
PR X FY e 88 a1 (an B SR8 ) 12 AT T B2 I 37 7
— PR FI S B2 W B, T ELE B D9 R B
TEIT AT AR &

T 3 A [ AH 5 2 2 U, ABE S T 14
ANFE BN S S R A K R U mIRNA . 285 TSk
B i 126 HY 4 LI KPR H N IR B35 22 R
miRNA(P<0.05). J5ZERATX X4 P miRNAZHT 19
REEAHIRITFE, A I B ATTAEAS [R) 2 91 B A o (R A 0

M3 7K, BAT-4 tH BRI RE 57 A miRNAE Ay il
P B9 1 LS A W0 br B . IR RS R BOR, N
A M P miR-93 ) 7KW 2 i T 1R H A (P<0.05),
miR-93 HAEJy UP Ly 52 Wibr 54 108 o .

1 HRS55#

1.1

L1l ik UREE20164FE4 H £20165F12H A
5 i ERL R S 2= B i = e 12451 B S AR
BOGNEA) 1241 B P50 S bR R (R ) A 12
51 B L P (O 5 %o MR L) PR IR AR, R AS I 1 7
CAI2SHI & 2. MIBFEAPRIER: B RS2 T
HAMZWIGIT o AW O R T A 5k BRI
JE R BEAC S 53 i

112 @mieddde U0 SURAHARAR(A2780)F1IE | B
i b R 40 M bR (IOSE-80)35) A< S5 % R A7 . 4 i
RIIME3T °C 5% CO4 M FDMEME: TR Fh #5557

1.2 miRNAZEY

12.1 EFmiRNAFIK IS mLIMEFEA, 4
3 000 r/minf £210 minkbH 5, HL200 pLIILiE, MIAS
EARFIIQiAzol Lysis Reagent, 3% 2], it &5 min
JE AN 3.5 pL(1.6x10* colies/uL)miRNeasy Serum/
Plasma Spik-In Control, #§ % W 21, 20 R 4u g
miRNeasy Il 35/ 11 RN A 4L 46 3 771 S (QIAGEN A ]
GmbH) ¥t B 45 #E 7T miRNAFZ BL. Ui 4 B fURNA &
T80 °CL{RAF .

122 @R &RNARI  ffi i TransZol™ Upid
AL XS EWHEARA IR A F]), 8 4 0
F5 08, R X MG B 1 = 41 i Ab B 7 7%, E TERNase
ZAF N HEEUSRNA . RIS B S RNAE T80 °C
RAE -

1.3 #EERFLETEEPCR

1.3.1 @#miRNA#Z 4R RAHMir-X™ miRNA
First-Strand Synthesis Kit(TaKaRa’ @), H _FiA
miRNATEARRERR, & SAR & 920 pL, fEPCRY 1
A AT 1 5 S FIcDNAPCRIS FE o 26 F
37 °C 1 h; 85 °C 5 min; [% %4 °CJ5 B HcDNA, Jii
100 uL ddH,0, 20 °C{#-7E% ] .

132 @R $RNA#ES K NAMir-X™ miRNA
First-Strand Synthesis Kit(TaKaRaA &) ) fll gDNA
Remover(TransScript. One-Step gDNA Removal and
cDNA Synthesis SuperMixif 7l &, b X &4EY
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&1 EFEEPCRSIYFT!
Table 1 Primer sequence of Real-time quantitative PCR

H K] LIS I(5'—3")

Gene Upstream primer sequence (5'—3")

miR-93 CAAAGT GCT GTT CGT GCA GGT AG
miR-21 CGT AGC TTA TCA GAC TGA TGT TGA
miR-200a CGG TAA CAC TGT CTG GTAACG ATG
miR-let-7f2 GCG TGA GGT AGTAGATTG TATAGT T
miR-39 TCA CCG GGT GTAAAT CAG CTT G

FRABR AT, FHR A5 2K A L S RN A AT
WS . R NAR R AN A5 LIS miRN AW £
SEAR A o
133 % ZFPCR  %XMESYBR” Premix Ex Tag™
(%) H TaKaRa A )15 W] 45 e #1|RT s 2 A& &R, B4
FEARB B3N AT N AL, FFEAT3RAT S8R, R
B2 A A 95 CCTIAEME30 s; 5 B/ M A (4541
R): 95 °C 5's; 60 °C 30 s; 4 fifHH£EA520: 95 °C 5 s;
60 °C 1 min; 95 °C, Continuous; P& 50 °C 30 s, 5C
55 BT i L 51 4 35 4 B SR 2 SEPCRE| W) ¥ it R
) S miRNAH) P81 it JE58 Bl e T A TR
HIRAF A . % Caenorhabditis elegans miR-39
miRNATE Jy ] 229, ) & 5EPCRAT A i 51 9
JP AR, FE S04 FHmRQ 3'Primer(TaKaRaZy
Ao FTTFEE FH 2P T AT
1.4 Zitoth

K FHSPSS 22.0%5 {1 #E AT H s 4b B2 5 4 1) L
AT ekar 56, 3L A] B B fd FH LR 22 07 22 e i, T2
i & T AE RiiE th Z&(receiver operating characteristic
curve, ROC)% 7x X} Ifil j& #'miR-93. miR-21. miR-
200cFImiR-let-7£2F UF 5L o6 5 2 004 1 oA
P<0.05 94 R 255 HA G5 e

2 HFR
2.1 M;EmiRNAMEXTKFEELER

0 A A 90 2 2 SCRP, AT A H 144
15 U1 59 835 4R /K 53 B miRNA(K2) . @ it
XFSANFEARCIE R AN RO SR #5345, %1 O 3L
Jigg 2451 )ik AT RS B, 7 ik HE A R IE KPR X IE
W6 R B 2 7 7(P<0.05)fmiRNA, ElmiR-93 .
miR-21. miR-200cHImiR-let-7f2. P &, X 1E % A .
R O R R STk B B R R (% 1245k
AT41 miRNAZKT H R (F23), Hor, miR-937KT-7E

2 AL miRNAEXT KL EES
Table 2 Changes of relative levels of miRNA in pre-

experiment

F- i T Joplh
Upregulated Downregulated ~ Else
miR-141 miR-21 miR-let-7f2 miR-200b
miR-200a miR-200c miR-let-7f1
miR-205 miR-494 miR-let-7i
miR-29¢ miR-296
miR-93 miR-106b

Al — R FT A miRNAZKC TR O A I, s 5 0
B

The changes in miRNA levels listed in the “Else” column include trends
that are not obvious, or not consistent with existing research.

WA, RUEARIEFNRAZE AR, HE
5t B A Gt 2 & X (P<0.05). miR-21. miR-200c#!!
miR-let-7f27K T 7E B 20 5 IE w5 AL 2 7 B A
B3 M (P<0.05), T 7E G M 4 IE R 6 IR AL 2
ANEAF BEEP>0.05)(E1).
2.2 YABEmIRNAFEXT K EEL 5

FATT 4y ) 5 B 59 41 H AR (A2780) AT IE B 5
I F 4 B PR (TOSE-80) H 2 HU 15 2miRNA, Hid it 7¢
ot EPCRAL I 1 19 B A [F] 4 il R HmiR-935¢4 4>
miRNAFIAENS K P o @i E2F778, miR-21. miR-200c¢
E 40 i ¥k A2780 1) AH X 7K ~F AH %2 41 i #RIOSE-807%
A RBEZRP>0.05). miR-let-7R2Z17E4H itk A2780
o R, X 5 A AE DS 7T A5 SR A FF2S. miR-937E
Y 5595 20 M 2R AR ) KT B R v T IR OE SE E R A
o, g 5 i iE HmiRNA—2.
2.3 miRNASCA125/K &R

H AT, CA125 2 5 oA il 1) ks I 5P 29 11 A= 4
PREW©, BATE RAEA G5 1~12) B (% 5
13~24) 81 T A MA [ CA 125 7K ~F FImiR-93 (1] AH % 7K
SEHEAT X L (IE3), AT S0 S AT A 4 I 2 R A
Ko H T AR B2 57, CA1257KF FImiR-93 1)
FEXS 7K P 2 (8035 A B S5 R A G 1 (K14 A, 14=0.634).
¥ RS B AT L #, WTE HCA125K P 5
i 983 % JE2 35 35 FH 2 (P<0.001), miR-93 [] #H X} /K 7
TEIX T 2 [ 3% 35 2 5, B R AR 4 )
miR-93 (RIS 7K 34 2 2 v T IR 0 AL (B 1A)

1E R EAF, H80%M MACAI125/KFJ& T 1
W 78 Fl (<35 U/mL). 91.6% 1) > 1AmiR-93 [ A1 %t 7K
P T I X B A, HAT 50% A 6 K P A Ikt



860 - BEFTIRIC -

R3 EEXRE. RMA. BHAMEP4MHmiRNAEIK T

Table 3 The serum relative levels of the four miRNAs for normal (N), benign tumor (BT) and ovarian cancer (OvCa)

a1l miR-93 miR-21 miR-200c miR-let-7f2

Groups AHARF 7K PiY FHXF K PIE AHXF KT PiY AHXS 7K PIE
Relative level Pvalue Relative level Pvalue Relative level Pvalue Relative level P value

N 0.112[0.018; 0.394] 0.146 [0.024; 0.255] 0.009 [0.0001; 0.026] 0.052[0.007; 0.137]

BT 0.345[0.108; 0.163]  0.0246  1.332[0.512;2.582] 0.000 1  0.028 [0.005; 0.066] 0.0077  0.188[0.057;0.674]  0.026 7

OvCa 0.513[0.077;1.994]  0.0238  1.191[0.138; 6.431] 0.051 8  0.054 [0.001; 0.240] 0.0609  0.143[0.757;0.004] 0.1569

(A) miR-93 (B) miR-21
25- 81
2.0 A
A o
R i
g 8 44
‘ - ‘
ol A &
A n
0.5 mn 24 u :
1 ° n A .-'I‘Il A
-— - gk n_EE A
0 *’- . Tat 01 -oeppese l e YV ¥ S
N BT OvCa N BT OvCa
© miR-200c (D) miR-let-7{2
0.3 1 0.8+
A
n
. 0.61
0.2
A n
8 $ 0.4
™ o
0.1 A A
0.21 FL A
" A o.o AAA
° g A ° u u
O.J:.:.-l LI T L] 'A.f“" o ‘-—u“.q'. .T' AAAIAAA
N BT OvCa N BT OvCa

Bl EMA. RME. EFEXTRBEAAMIR-93(A). miR-21(B). miR-200c(C). miR-let-7f2(D)#2-“HyHI = &
Fig.1 Scatter plots of miR-93 (A), miR-21 (B), miR-200c¢ (C), miR-let-7f2 (D) serum relative concentrations of normal, benign

tumor and ovarian cancer

0.007 =
0.006 = [ 10SE-80

0.005
0.004 8 A2780

0.003 =~

0.000 8 =

0.000 6 -

Relative cellular
miRNA concentrations

0.000 4 =

gl Hi| I

miR-93 miR-21 miR-200c miR-let-7f2
E2 AREMEZE S miR-93, miR-21. miR-200cFImiR-let-7f2H X} 7k
Fig.2 The relative levels of miR-93, miR-21, miR-200c¢ and miR-let-7f2 in different cell lines

FRZH 265 DL Bo CAL2STE AILA GRS I F B, &0, LS8 7 CA1251 T+, TmiR-93 (1A Il v fff
XoF R N SR L B IR S (012 W R BRI AN FE I T50%. AT R OF SR, S miR-9380 A
b AR SR B K, CA125%F T B B 5 i g i 46 A HLCA125 5 = B2 W H

T HE R AN £120%, b 125 FEAIE B 720 i d K4t 7, BN B B3 IS FmiR-93. miR-21.
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CA125

miR-93
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Fig.3 Individual profiles of the levels of miR-93 (2*“) and CA125 (U/mL) in serum samples from patients with benign ovarian
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Relative miR-93 concentrations
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P=0.455
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0 T 1 1
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Fig.4 The scatter plots show the correlations of the levels (2*“) of serum miR-93, miR-21, miR-200¢ and miR-let-7f2 with the
CA125 values (U/mL) of OvCa patients
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miR-200¢ Al miR-miR-let-7£2 A%} 7K 5 CA125
KA MR 59 (ra=0.634 15=0.239. rc=0.329.
=0.257)
2.4 miRNA5CA125F9ROCHIZ 3R
ZMCA1251 IE# 5 (<35 U/mL), &P 147
018 UmLAE AXT R ICA12518; LRSI 2k
VE R bR £ B miRNA 28 85 1F 8 ) BB 41
AU FEATROC /T BT (F5A). 455 R, ROCHr
Hr P CA125AUC=0.917(P<0.01), [F] f4miRNA
F Hl 28 TH AR 43 3 90.889. 0.937. 0.688. 0.625,
¥R — & W2 W E(EISB). K4 miRNAR

(A) 19 ROC (N vs OvCa)

=4
o)
1

g
C.‘“

o
+

—miR-93, AUC=0.889, P=0.001
~—miR-21, AUC=0.937, P=0.000 1

Sensitivity of serum miRNAs

0.2- miR-200c, AUC=0.688, P=0.119
: —miR-let-7f2, AUC=0.625, P=0.299
—4 miRNAs, AUC=1.000, P=0.000 1
—CAI125, AUC=0.917, P=0.001
0

02 04 06 08
1-specificity of serum miRNAs

A: ROCHIZE 52 7R miRNAs K2 W78 B: e AR T k1) R ABUREANIRE 574

ARG 53 T, AUCHY = 170.940(P<0.001), o4
miR-93. miR-21. miR-200c. miR-let-7f233F 17 Bk &
Ja AUC=1.000(P<0.001), {2 H T miR-let-7f2FImiR-
200cTE e LA IEH X IRAL /KT 2 A B B
PE(Pir21=0.119, Puir200:=0.299), M40 & 2B REH T
I RS WL 75 3k — 20 IR 0 IE .

25 oy B, miR-937K - 75 8 M 4H AH 0] Ff 20 2.
FHraw HEZ 1 B, HmiR-93JAUC>0.850, Fn
HAAEREMZEME. Fi, MiEmiR-938H1EH
5P S0 B2 Wi br SV R0TE 70, i A L7EmiR-93
VERIA 2 W7 R 78 e il T Bof A B 0] DL e

(B)
Nvs OvCa Sensitivity Specificity
miR-93 0.917 0.833
miR-21 0.833 1.000
miR-200c 0.667 0.750
miR-let-7f2 0.500 0.917
4miRNAs 1.000 1.000
CA125 0.917 1.000

A: the ROC curve shows the diagnostic value of miRNAs; B: sensitivity and specificity of optimal cut off point.
E5 MmEmiRNAsFICAI25HIROCH#
Fig.5 ROC analyses of serum miRNAs and CA125

G LA PR ARG H 26

3 itig

FRATAE FH Sz i E B PCRAG I 1L 375, 45 5 % I,
miR-93. miR-21. miR-200cHImiR-let-7f27K *F- 7£ B
SR B R R IE R IR B R 3 % R(P<0.05).
Hrf, miR-93. miR-21H1miR-200c7/KF I, miR-
let-7£2/9 7K F R i . miRNAFE Ay it i 25 J5 e 3k A
B LR 1 Rk 2 5 MR kA, LA BUCR 90 B0
AR BT

AT FTH, 7 5N 5L iR 2R A R I 6 R 4 I
miR-937KF 11 2 5 B A B i AR 2 « ROC /T T,
miR-93 2 7 5 & 115 Wi A H.(AUC=0.889, 7 (i
=0.917. %55 1%=0.833) XJ T U 508 &£, miR-

93FE Al 13 JiE 08 5 5 U 1) A A7 I TR AR TG R P
CUA BIFFE R W, 70 0 e B DR/ BB rpoid A
5 miR-93 )& T+ [F Z % miR-17-92 5 P44 2 fin ek itk
EL98 (T AN B . 72 B 9, miR-17-9255 A%
118 ¥ TGFB(transforming growth factor )t J&3 11 il
A7 BTG PECY . X 88 AT I S50 #0 5 AT 7 45 A
— 3, JF H AmiR-93 5 A 1E 4 IF Sl MG Fr S
WA R SRS

A0 JE I I miRNA ] PLAE — & #2 FE B HRPiAX
WAL TR R IR, I HomiRNA FAT B i B,
Al AL, B KR AF I B AR E A AERY . Tl
TEMIRNASE B AR AN WrgE 2, R Hal B2 7t = Bk
AR B, X AmiRNALE Ay 59 5L ogg A I (0 A s &
iRt T HEOR BRI, 2 B RTIR, 8 FHmiR-931E
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9 G B9 L35 A 2 4 B T CA 1254 I 14 2% h
78, fE—EMEE B4R = OF S 2 W AE R 1

5T AR FE K ImiR-937E G 5L g B A5 (L i B
ISP B2 BT, JATA B R — PR miR-
937E BN 51 20 i B K 38 57 % 1 4 T ML, Chen
A5 DIYE O BUE 41l ROVCAR3. SKOV3/DDPAI
HO8910-PMH i 3 AmiR-93% B, 41 il 7£G, 1 5L
SHA H I S A EE T, R A M s s 2 B T
F ;5 [F) B A4S 1, RhoC(Ras homolog gene family
member C). P70S6K(ribosomal protein S6 kinase,
70 kDa). Becl-xL(B-cell lymphoma-extra large)3§ &
mRNAZK-F 88 H 5 K-F R . H B TmiRNA
(1A FH 5 I 35 PRAH %, miR-93 7 A [A) e A L Fir4H4T:
) AT AR A Rl LyuS5EPYR I, miR-93 B 44 5 )
{1 TGFBR2(transforming growth factor B receptor
2)HIFRIA, F I PI3K (phosphatidylinositol 3 kinase)/
PKB(protein kinase B, tH N Akt)[5 5 18 #% 1) 2K i,
HET R B R 11 K e . TangZEP X miR-937E 45 11
i LI WF 9T % IR, miR-9338 1 # 17]Smad 7% 55 Wt/
B-cateninfi 5 B, M 1 1) 45 i T 1 g . FRAT
FIHADE BT Bl i miR-93 8 76 5 5 K £ =
HLETA . FR, &F SR, miRNAS S
B LA 2 S A A R TP, miRNA BRI ML 43
SR, B WD R S M A4 L R s A R 5 Th g ik
BRETH— BT

KT FAFAERE A TA PR, B = I BE U7 21
TCIEHEN 5P 53R 2 29097 S5 LIS miRNAZK
A EA R o b, FRATT I ANE X L8 55 O 5 i
T A DG LB miRNA 21 i 2 M 2H 237 A 53 ik 3
WIS L, 3052 5 R 1E 3 G SO AN R0
A I miRNA, WA 2 e AR R AR VE LS AE 5
g, KEHA R TP, (R, i A
FE DR v i a2k H BE 22 15 99 5408 A OC I miRNA, BY
F R w2 W AR TSR AL 2 IR E .
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