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[ Abstract] Background and purpose: Breast cancer threatens the health of women all over the world. Although a large number
of microRNAs (miRNAs) have been found to be abnormally expressed in breast cancer, a complete miRNA-messenger RNA
(mRNA) network still needs to be constructed. Methods: The Cancer Genome Atlas (TCGA) database was used to download breast
cancer related data sets and analyze the differentially expressed miRNAs between tumor tissues and normal tissues. The miRDB,
miRTarBase and StarBase databases were used to analyze the genes targeted by different miRNAs. The ClusterProfiler package in R
language was used to enrich and analyze the target genes. String database and Cytoscape 3.6.2 software were used to analyze protein-
protein interaction (PPI) network and screen Hub gene. The miRNA-Hub mRNA regulatory network was constructed to determine
the research signal axis, and then verified by cell experiments. Results: Two differential miRNAs were identified in TCGA data
set; 278 target genes were predicted from the three databases. Ten Hub genes were identified. The constructed miRNA Hub gene
network showed that hsa-mir-98-5p/DKK3 axis might play a key role in the progression of breast cancer. Cell functional experiments
confirmed that hsa-miR-98-5p could inhibit apoptosis and promote cell proliferation, migration and invasion. The binding of hsa-
miR-98-5p to DKK3 was further confirmed by dual luciferase activity assay. Conclusion: In this study, we analyzed a miRNA-
mRNA network associated with breast cancer progression and identified an important miRNA mRNA axis in breast cancer.
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f#/NRNA (micro RNA, miRNA) B25FA
18~22MZ H IR AR i/ Ny FRNA, HAT LLid
IS {5 HRNA ( messenger RNA, mRNA ) i
AT ) R0 S ) B35 2 17 - SOH [ 5 R A T
210, miRNA B i@ A7 . miRNA
FEIEF A1 2R R A1 4 b ) Ak ik R R ]
I HmiRNA 5 F7 2 i R AE W) 2 e AR G T
miRNAR AT 51T 2 28 H R A s A 2L rhs
A I miRNARFEAE . W miRNATL RS 1 AR A
5 V2R E A miR-99a ] 4 i LRI 1 38
miR-99arE FLIR MRT 41 21 b i 2R 38 50 55 1E 7 41
LU HL ek N

AW 5T R IR AE JE PR 2 135 ( The Cancer
Genome Atlas, TCGA ) ¥ & i 3 BUm 441
P, R A FLARJE P miRNA-mRN A I 5
2% WX miRNASE 25 10, MEE S FL e ot
JEAH S miRNA-Hub mRNA 2%, f & 3E1 74
N7 1) S B T

1 BRI I

1.1 HIETHEZEFEmIRNAsHIFiE
MTCGAKHE T 2 7L A OCmiRN A 7
Bl , [ FRIES T AYDEM Limmafi % 5E a2l 21
FEH A 20 #9255 miRNA
1.2 ZFmiRNARE F g7
miRDB¥(#& % ( http://mirdb.org/) Z&—>
FHFmiRN A &5 75000 01 Ty 68 7 B 1) 78 26 B s
B, Hr A S e R — N EE R T
HmiRTargetTill (%) . miRTarget & i i 734 = 38

) S5 BT miRN AR 25 A8 A0 5 A
JF &1, miRTarBase%{#li/4 ( http://mirtarbase.
cuhk.edu.cn/php/index.php ) LR 13671 24
miRNA-#L ST OCR , 5 I A miRNA -
PV IS S URUE 4= YN TEN s = D g2 1 BT3P
( Western blot ) . 1R ¥ SC 5614 750 00E .
StarBase£{ 45 /% ( http:/starbase.sysu.edu.cn/ ) J&
— PR, AT T WS miRNA-mRNAAH H.
YER, ASBFFE 08 sk 34 Hhcdli e A 4R 2% 5 miRNA
XTI R R, R 3 B R ) I O PR HOAS
R, BRI I B A SR 42
1.3 HMERMEREZRE ( Gene Ontology,
GO ) RE#ERMEEHABTR£H ( Kyoto
Encyclopedia of Genes and Genomes,
KEGG ) o1

GOXLHE 8 5L K 9 T RE 43 L3884, 43
WALy ( cellular component, CC) . 43F
i€ (molecular function, MF ) FlAE#~# 1 #E
( biological process, BP) . FIFHGOEEZE, 7L
HR HFREHNFECC, MFRIBP=ANZE 1 EEE S
24 %, KEGGEEEX R I ae X HZ
MG Z Tl TR, ARG 5
ClusterProfiler x| Se A HUE N A 75 FE 04T
1.4 EHR-ZFERKRMBEER ( protein—protein
interaction, PPI) M%&4 1 & HubE E K5k

fifi i String ( https://string-db ) ¥ 72 HE 17
PPIsHT, ZJE K%t 5 A Cytoscape 3.6.24Kk{FiF
Fraf ety g 2% 1], Jffi FH Cytoscape 3.6.2%%
14:%) CytohHubbadi {4 12 12 % 4 ] b i 1T 10457 2
, I HImiRNA-HubJE R /44 5]
1.5 SEIg#HRANAG %
1.5.1 SREAbH

NFLIR E R M AMCF-10A, IR AFL
Ji% 95 40 it AMCF-7, MDA-MB-231., MDA-
MB-453 . SVAOTH ALY AN B 40 i 293 T4 fifd 1
W) [ v ] s 22 e S A = 2 B 5 i A B 0 U
>, DMEM/F128557 55 . DMEM = W85 57 5L 1%
F¢ . LISKFRFEBI A L E Gibeco Al (515
11320033, 12800082, 11415064 ) , TRIzolix
) H 25 [ Thermo Fisher Scientific/A#] (585
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15596026 ) , PrimeScript RT Master Mix 5 % 5%
& SYBRYUEHE ZOLE iR &3 A H
ATaKaRa/AH) (475 : RRO36A. RR82LR) ,
Lipofectamine™2000%% %4157 4 [ 2% M Invitrogen
NE (]RE: 11668-019) , micrON hsa-miR-
98-5p mimic (5 nmol ) . micrOFFhsa-miR-98-5p
inhibitor (5 nmol ) ¥ F I N B A= I HOARA
B (585miR10000096-1-5, miR20000096-
1-5) , Annexin V-B#iER2GEZE ( fluorescein
isothiocyanate, FITC ) /B{ELPNEE ( propidium
iodide, PI) XX 4 i i T A6 Il 3500 & g 1 5 [
BioLegend/A ] (185 640914 ) , 4L iT%iL
#£:-8 (cell counting kit-8, CCK-8) . 45f5h4s
IR A FRERHARA A (525
CA1210, G1064) , FHIBE* 4@k (Giemsa) I
A g QIZERHA RA R (575 PM10631) ,
pGL4.10fi ki . pRL-SV40JFifi ., Dual-Glo
Luciferase Assay System ( $55E2920 ) ¥y H 3
[ Promega/\ 7 .
.52 misEi
WMCF-10A 40155 3% T % 1% AF % &
BEPR . 5%BIR AT R . 10 pg/mLJKEE R |
20 ng/mLF R K FF . 100 ng/mLEFLEEK
0.5 pg/mLEALTT IS . 100 U/mLE % E M

100 pg/mLiEF ZE ADMEM/F1255 3= 5
HEK-293T. MCF74fL 3% 5% T & 10% 6 4 i
( fetal bovine serum, FBS) . 100 UmL& %
# . 100 png/mLEERE RIYDMEM i i i g kv
¥ MDA-MB-231, MDA-MB-45340 g% 3% T &
10%FBS. 100 UmLE#ZE . 100 ng/mLiEFE R
LIsEiFRbErh, FrA 417637 C. CO,MRBUY
BN 5% BT AE IR
1.53 ZHRAEZEFTREGB\BERE (real-
time fluorescence quantitative polymerase chain
reaction, RTFQ-PCR ) # M hsa-miR-98-5p#=
DKK3#) % ik

KM TRIzol— Lk BUERNA, fEH]
PrimeScript RT Master Mix & f# i &4 2 pg i
RNA %55 HcDNA, ##ESYBR Green RTFQ-
PCRIH & 1 36 5 i 5 2K B 20 pLAYPCR
K& . PCRIVEHSHE N : 95 C. 5 min,
SRIGHEAT3 AN . 94 CAETE30 s, 60 CiBk
30s, 72 CHEM30 s, RIVHIT4SMEIR. 514
X} Primer Premier Software 5.0 ( 2£[E Premier
Biosoft International/A &) ) & itIF& W, 7EABI
7500 24t k4 TRTFQ-PCR, L5 L GAPDHAIUG
TERNZ, 51PN, LREEFRA2
BT

®1 BEESIMEFT

Tab.1 Gene primer sequence

Gene Forward primer Reverse primer
hsa-miR-98-5p TGAGGTAGTAAGTTGTATTGTT GTGCGTGTCGTGGAGTCG

DKK3 AGGTGTCATGGACTGTTGCC TCCAAGAACTACAGAAGAGCAGTT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH GAAAGCCTGCCGGTGACTA AGGGATCTCGCTCCTGGAAG

1.5.4  ZmfaskZFo A 57
AREE QAT IR, R ARt T 96fLR T,

PP R 1 x 104U /AL, FF 40 i 25 B A 3]
50%~80%Ht, %8 Lipofectamine™2000%% iR 7
VOB THE, FmiR-NC mimics, miR-98-5p
mimics, miR-NC inhibitorflmiR-98-5p inhibitor¥%
PeTAMrh, Y48 him, WOAEANM I IR
ZZ i ( phosphate-buffered saline, PBS) 2
Ko FEANIE-5500 LA Y1 x 254 B h RS uL

Annexin V-FITCIRA, FEEAECET1S min, F
FHLAETS minfi A2.5 ul P, {5 FH 37 20 40 ARG )
TR, SLRHEE 3R,
1.5.5  CCK-85LZ 55 A5 £ A 3 7E g

SEEHTL d, R EUE R B MCF 740 M L
1 000/~ 40 At/ LAY %% FE AP T96fLAR . 121
ML T37 CHUEEFRF SR, 2R miR-NC
mimics, miR-98-5p mimics, miR-NC inhibitor#/l
miR-98-5p inhibitor, YL/ AL 5IRE 524 |
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48, 72HM96 Wi, IR FLINAIIALO uL CCK-8%F
#, T37 CHRAL h, AR T450 nm FAH
WOLEE (D) H, BAREeNHEESL, LhldiH
T2

1.5.6 P ILE R E I

i ge24 nE RN, FH0.25% 828 H ST
A, i B R . R A R T 6 FL S SR AR
Hr, LS00 A, JfREI N EE L. diiE
T37 C. COMBITEN 5% FoFE h HE 37
e Uil aE3 d R LRI SR AL, RS dim, 8
FRMLAp IR AT DL v fe s, ORGSR, 2k
iRk LIS, 4 CHUA WPBSTE VR4 2~3
U, MEEHTEES mLE R E 1S minf5, PBSHHE
3R, i Giemsade A 44 (15 min, K
gt R, AT, MREf. ERK
B (RS 5E) TiHBOR T 10040 M i e P4k
THRTERETE B o 4 XF B2 %) 5 B B i 1
100% , HARZH 550 IRZH LU#S
1.5.7 Transwell % 3646 2m i T 45 48,

Yt miR-NC mimics., miR-98-5p
mimics, miR-NC inhibitorHImiR-98-5p inhibitor
J&, BRI x 10° I HE 8 T500 pL I L5 1%
FEFed ) I E Ftranswellli i E=h, FEJ0
A2 mLE iRk, TG FHRA TR 7748 h
Ja, A LZAM, = AT JE 400 ] EE
TE, 0. 1%EE MR 0. 12 HEE ML
SARST LT
158 REFEHIRE LA LIode Rk 2

4 5L G DK K 3 BT AR # 5 58 A8 A 37 A|E 7l
P IX (3’-untranslated region, 3’-UTR) , Z
JE il ApGL4.10 TR, 2830 5 %5 3 IEHf )5
PEBOT KL £ . HEK-293T40AE A1 x 10°4
g/ FLEEFD T 24 LM, $55E24 hE, R
Lipofectamine ™2000i& 7 i 1 45 #+ miR-98-5p
mimicsEimiR-NC mimics ( 50 nmol/L ) 5 DKK3%
A e AR R FORE (0.5 pg) 10 ng pRL-SV40
W E DOCR M R L Qe i, k48 him, R
HIDual-Glo Luciferase Assay Systemii 7746l ,
FRSREy . AR FRAR TP G 4, KA =
2 (20~25 C) , i ADual-Gloilfl], =2 ik

B 10~120 min, il k ROSOCRBEHEE; A
Dual-GloZ I} N i fGloid |, PR EIRIET
10~120 min, R FHZ D RE bRV 5 2 e R
TG 1 o AEXT S G I = K O R G
PR/ B PO R B 1
1.6 FitZFAE

K HISPSS 18.0G8 i+ AF-#- A 786 A . PR
FLAE RS . P<<0.05 K25 S Bt X,

2 % B

2.1 ZBEmiRNAsfH %

P BRI B A TR R, HOR R AR (A
BE H|log2(FC)|>4, P<0.05, ZJ5fa3Ipi1i2
2 miRNAs, 43%) Fhsa-miR-133bHlhsa-miR-98-
5p, HPA2253miRNAsH) il (#£2)

*2 Z%miRNAs
Tab. 2 Differential miRNAs

miRNA [log2(FC)| P value Up/down
hsa-miR-133b 4.474 562719 4.87E-13 Up
hsa-miR-98-5p 5.271 476 815 1.02E-10 Up

2.2 ZEBmiRNASIEEENLE R

FEmiRDBHEE RTINS 2 1 574 4ERE [,
TEmiRTarBase B 4iE 4 T 15 2| 8 63 UL (X, HE
StarBase B4 2 FU A5G 53 993 MEHE . He3 4
Bl PEAS B RSB SE N IS SR 5, 2R B, 241
2 5rmiRNAsHAT 278 ESE R (1&11) , K2R
2 il miRNA-HE i R P ([E2) o
2.3 MEFEGOMKEGGHEENHER

XL BE N AEAT W o b, SRR, #E
FERR WAL BIMF, i BP £ 2 5 4L Tpositive
regulation of cell cycle process. cellular response to
amyloid-betaFllpositive regulation of cell cycle%,
CCFZ & 4 Ttransferase complex , transfering
phosphorus-containing groups . heterochromatinl
protein kinase complex?s, KEGGiH [ & £ 7 H7 ik
N, EEE S TEmicroRNAs in cancer, signaling
pathways regulating pluripotency of stem cells .

FoxO signaling pathwaysHIWnt signaling pathways
(3) .
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Fig.1 The Venn map of miRNA target genes predicted by database
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Fig.2 miRNA-target network
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Fig.3 Results of GO analysis and KEGG analysis of target gene

2.4 HubEE % & miRNA-HubE & W 4 & &
IR T

i F String B4 2 15 B FE L A PP LA IR, &
ACytoscapeitfr ] M4k (Kl4) , i HubHy
10f7 364, 15 20T 10457 Hub B A 45 DKK |
WIF1, WNT2B. WNT6. DKK3. DVL3
SFRP1. SFRP5. DKK2FIFZD3 ( [®I5A) , £
A miRNA-Hub3 K 25 45 5 i 75, hsa-miR-133b
Filhsa-miR-98-5pdL [FfEH TDKK3 KN, HAEH
Thsa-miR-98-5pfiJHubXE KK £ (E5B) , LI L
2% B 7R hsa-miR-98-5p/DK K 3% 1 BE 7 7L &
YE R Th A ORI, I, A9 i FEhsa-
miR-98-5p/DKK3 5 S i 75 £: 505
2.5 Hsa-miR-98-5pTEZL IR 4 AR R PRI R I%
R EXTDKKIR ZEHI 20

FE N IE 5 2L 200 e R N L9 200 e 2R mp A
hsa-miR-98-5pf ik, L5 R, 5iEwWFLIR
MR, FLIRIE 40 2R Hhsa-miR-98-5pht ik /K
VTR, HMCF-7400 & s A E (B
6A) , JEHISI Y AEMCF-740 /0 kAT, ik

ikhsa-miR-98-5pJ5, DKK3%ik FI; T4hsa-
miR-98-5pJ5, DKK33Kik 7}, UiH]hsa-miR-98-
Sp5DKK3fEfE M MR C R, DKK3 T fE Mhsa-
miR-98-5pf) FUFHIIE (El6B) .
2.6 Hsa-miR-98-5pxtZLAREMMAT . &
. ERHFMm

S PR TR I A5 R R, 5 NCXIRA [
%, hsa-miR-98-5p i ik i & 1 i MCF-741
M TS, hsa-miR-98-5p it T 44 1 40 i 7 7=
(E7A. 7B) o MTTECgngs 3R, 5NCXT
M2 %%, hsa-miR-32-5pfid 215 i & 42 i
MCFE-740 {8 3448 , hsa-miR-98-5p iy T4 {fi
Y MG AR AR T W2 R (K7C) o AR pESE
BRI, SNCX A HE, hsa-miR-98-5pH)
1t F IR RE NS B B IMMCF-7 40 il 52 B T8 iR
hsa-miR-98-5p /L MCF-7 4 il 52 B TE il R
TR (K7D) . TranswellS2E K], SNCX R
ZH IS, K ikhsa-miR-98-5p I MCF-7 4 Jil {2
ZEfiE /11538, hsa-miR-98-5pH) T HEMCF-74
MifZZERE T TR (KITE)
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Fig. 4 PPI analysis results of target gene
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5 AI10frHubEEF i 12 ) 45 E FImiRNA-Hub £ [E W £& &
Fig. 5 Top 10 Hub gene screening network and miRNA-Hub gene network

A: Top 10 Hub gene screening network; B: miRNA-Hub gene network

A B

sk

of DKK3

Relative expression of
hsa-miR-98-5p
S
Relative expression

\a $ o o o« 4 & &
D © jak X ) & oS i
& ¥ & s & & &S

N \d b ¢ ¢
e ¥ &85
&

6 Hsa-miR-98-5p7E A IE & L AR 20 A A0 L AR 2 A 2 H 39 R38R H X DKK35R 1% B #5
Fig. 6 Expression of hsa-miR-98-5p in human normal breast cells and breast cancer cell lines and its effect on DKK3 expression

A: Expression of hsa-miR-98-5p in normal breast cells and breast cancer cells; B: Relative expression of DKK3 after overexpression or interference
with hsa-miR-98-5p. "1 P<0.05, compared with MCF10A cell; ": P<<0.01, compared with MCF10A cell; : P<<0.05, compared with miR-NC
mimics; “: P<<0.01, compared with miR-NC inhibitor
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A miR-NC mimics miR-98-5p mimics B
2]Q2-1 Q22
10446.21% 355%| 100 Q N
10 107 2
6. =3
EIO " = 10¢ %
108 g :E’ B
10*
10¢
s 20 Q2-4 Q
10**195 34% 0.90% 1025 & S S
& & F S
7 s 7 o &
1 1%”18‘;“10 10 1027 10° 10° 107 10 LR R
FITC-H & o é&? &
miR-NC inhibitor miR-98-5p inhibitor 03' Qs'
Q22
3.40% MCF7 cell
C ’g 25 + miR-98-5p mimics
g 2 [ -+ miR-NC inhibitor
] s - miR-NC mimics
2 . |## -+ miR-98-5p inhibitor
gL
Q2-4 ® 0.5
o
1.76% é ol
107 10° 10° 107 10° FITC-H 0 24 48 72 9%
FITC-H th
< 200
% *k
s —
D 2 150 - a
E
& 100
=
=
2 50
O
& '\@:&*”\\é
<K
ﬁ‘b
E
#
|

1}?. *%‘,‘f, k.

miR-NC mimics ~ miR-98- 5p mimics  miR- NC inhibitor =~ miR-98-5p inhibitor 0

B 7 hsa-miR-98-5pXIMCF7BET. 5. TRAIENE

Fig. 7 Effect of hsa-miR-98-5p on apoptosis, proliferation and migration of breast cancer cells

A: Apoptosis was detected by flow cytometry; B: Apoptotic rate; C: CCK-8 experiment for detection of the proliferation of cells; D: Detection of cell
proliferation by plate cloning assay; E: Transwell assay was used to detect cell migration. **: P<<0.01, compared with miR-NC mimics; ##: P<0.01,

compared with miR-NC inhibitor

2.7 DKK3#1hsa-miR-98-5pi 4 & i

HR A TargetscanZitdl (1 W 245 5, DKK3FI miR-98-5p 1) 4H il 5 St 28 gz 45 56 D5 A 37 A L
hsa-miR-98-5pA 145 A7 i, HEMKFHIER AV REE (P<0.01) , ﬁﬁi@%hsa-miR-%-

FISA, i 58 e Z L R R 25 Se e My 2 7 8 A4 SpAIMUT-DKK3ZH 42 )t 2 Bl 14 -5 %

HEZH

1\\\/

T Je 58785 R H 21 U0 3R R A5 R R ok, e egeit B (P>0.05) , TIE%hsa-miR-98-5p

TR FRE A SRR, i WT-DKK3 Flhsa- A EHPAER TWT-DKK3 ([E8B) .

A B 1.5
2 ”
= ** 1
K] 1
WT-DKK3 5'-AGUGUUGCUCAGCUCCUACCUCU-3' 2 104
hsa-miR-98-5p 3'-UUGUUAUGUUGAAUGAUGGAGU-5' f‘g
= T
MUT-DKK3 5'-AGUGUUGCUCAGCUCGAUGGAGU-3' B 05 4
5
3
& 00

NC miR-98-5p NC miR-98-5p
WT WT MUT MUT

& 8 hsa-miR-98-5p 5$BE EDKK3%E & i m FIFNFN L E
Fig. 8 Prediction and identification of hsa-miR-98-5p binding site with target gene DKK3

A: Predicted binding site in the 3’-UTR region of DKK3 with hsa-miR-98-5p; B: The binding of hsa-miR-98-5p and DKK3 was verified by double

luciferase reporter assay. **: P<<0.01, compared with control NC WT; ##: P<<0.01, compared with control NC MUT
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AT, FUIEIE R AU FHLUE A& 58 4
P, miRNARY A IS AT Ge 2 it pF et
FE—40iste. A5 0 BoR, miRNA-382-
Sp/MXD 1l 5 2L g i R AH OG, FFAI 7 4 Jif
PERBL . miRNA i # [m] FOX O35 i 7L AR 9 1Y
HEE Y, miRNA-99a#ll i FGFR3 1) il 3L 4
JE T T L AR I R AT LA R 3R A
A OR LN SN OBV (= S W 1 BURA L7 K (=
SEEM TR X S S R A B, PTLAT g
AR AR T B EAE T, DATITRA S 575
RAM AR Z, G RIGTT o B e T it
ZH

AT 5T 3 TCGAEE 53 BT L B A 5% 1)
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