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MEH, Cytoscape 3. 8. 254 A 8 miRNA-F B IR (mRNA) B ML, FlFH R A limma %X
P AL vk TNBC % 54 TNBC B 22 5 %15 miRNAs, FJH R & AF clusterProfiler f0 /3 H1 4L 3L [ 2 5
MW T RE A %, G583 LM, miR-9. miR-17, miR-31. miR-146a. miR-188 F1 miR-190b
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miRNAs B I A 224 4, FEFEAKE (GO) REEEMT, MERNFBESHABRBBHET .
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FYNE AL Z K o (PPARA), RNARAEE WH G (POLR3G) . ZIEMIRRIEF 1 (PLAGL) . %
FHIEFN SH3Z5 M & B (UBASH3B) J& SH3Z5H M U EJIKE & 2 (SH3TC2) J& #2241y
Sk, o miR-9-SYT1, miR-9-KIF13B, miR-9-KITLG. miR-17-SLC24A2. miR-31-SLC24A2,
miR-146a-SYT1, miR-146a-KIF13B, miR-188-SLC24A2 fl miR-188-SLC24A2 ) miRNA-mRNA A .
VE B A%, 5 miR-9, miR-17, miR-31, miR-146a, miR-188 #ll miR-190b K H AR [N 25 53
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ABSTRACT Objective: To identify the key microRNAs (miRNAs) and their target genes associated with
the prognosis of triple-negative breast cancer (TNBC) and to discuss their roles in regulatory biological
functions and signaling pathways, and to provide the theoretical basis for the selection of prognostic
biomarkers for the patients with TNBC. Methods: The differentially expressed miRNAs between the
TNBC patients and non-TNBC patients were selected based on The Cancer Genome Atlas (TCGA)
Database; survival analysis was used to clarify the miRNAs related to the prognosis of the patients; miRDB
and miRWalk3. 0 online Databases were used to screen for the miRNA target gene; Cytoscape 3.8.2
software was used to elucidate the miRNA-messenger RNA (mRNA) regulatory network; the limma
package in R software was used to screen the differentially expressed miRNAs of the TNBC patients and
non-TNBC patients; the clusterProfiler package in R software was used to analyze the biological functions
and pathways involved by the target genes. Results: The survival analysis results showed that miR-9,
miR-17, miR-31, miR-146a, miR-188, and miR-190b were associated with the prognosis of the TNBC
patients, and low expression levels of these miRNAs were correlated with the poorer prognosis of the
patients. A total of 224 target genes regulated by these six miRNAs were identified. The Gene Ontology
(GO) functional enrichment analysis results showed that the target genes were primarily involved in the
development of mammary alveoli, positive regulation of DNA transcription, and angiogenesis. The Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis results showed that the target
genes were mainly enriched in cytokine-cytokine receptor interaction and insulin secretion signaling
pathways. The network analysis results identified the key genes in the regulatory network, including solute
carrier family 24 member 2 (SILC24A2), vav guanine nucleotide exchange factor 3 (VAV3), tripartite
motif containing 36 (TRIM36), synaptotagmin 1 (SYT1), pleckstrin and Sec7 domain containing 3
(PSD3) ,
(POLR3G), pleomorphic adenoma gene 1 (PLAG1), ubiquitin associated and SH3 domain containing B

peroxisome proliferator-activated receptor a (PPARA), RNA polymerase [lI subunit G
(UBASH3B) , and SH3 domain and tetramerization domain containing 2 (SH3TC2) ; the interactions of
miRNA-mRNA of miR-9-SYT1, miR-9-KIF13B, miR-9-KITLG, miR-17-SLLC24A2, miR-31-SLC24A2,
miR-146a-SYT1, miR-146a-KIF13B, miR-188-SLC24A2, and miR-188-SLLC24A2 were the closest.
Conclusion: MiR-9, miR-17, miR-31, miR-146a, miR-188, miR-190b and their target genes are involved
in physiological processes such as mammary alveolar development and angiogenesis, which are closely
associated with the poor prognosis of the patients with TNBC.
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FLIR I S FUIR A 2152 0 B AR TR it e R, IR N IERE RS ) SR

i F TNBC & 2# 5t= 1

TELPE R R RS MPET . FLIRE A 2
RJ5 P, IR AR 4 ME B R % 1Ko (estrogen

ERa). 22 ¥ R % K& (progesterone
PR) Ml AN £ K E KK FZ K2
( human factor
HER-2) &3k & , % 3L % 5> 0 ER M A
HER-2 i % 35 B F0 = B B L IR (triple negative
breast cancer, TNBC), AN[A] 4 A ZL PR 9w HAG 97 J7
LB AR, Ho, TNBC 29§ ERa. PRAI
HER-2 1935 35 2 BV L I8, 295 B A 2R B 5L
WY 1020, TNBCUHR TARRLME (ARIR<<40%),
HHA RV 251k S B ke (B kAE

receptor «a,
receptor,
epidermal

growth receptor-2 ,

TR RS VR IT 259, G IRIA YT AL RE SR H A7 i 5
RIGIF w0, H ST A7 E (disease free
survival, DFS) 1 & 4 fF % (overall survival,
0S) ¥R EMTIETNBC &Y, EHEKZEM
— A mE Y. B /N RNA  (microRNA,
miRNAs) & —2 K 2 18~25 A% 1 12 1Y A1 4 i 2.
BE /N F RNA, 25 M 7 i &% i &% %R
(messenger RNA, mRNA) ik ", R4 E
FBT . miRNAs Af 5 i 8 9% mRNA ) 3 35 5%
T mRNA FEfAENLE, S5 0 b 40 M 09 A4 K
JA . ML T AR AL . R AR SR AR
55 Jil g 1 1S A DA O T BFSE Y KW . miR-
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139, miR-10b Fl miR-486 it % ik ) TNBC & # 5
KAERGHEFE; miRNA-9 &k TNBC £ # G
ORI . miRNA-155 & F2 ik 19 TNBC H
B AW E S miR-206 8 o 9 4%
TMASF1 1 3k 5 3% 3k B ) 2L B 9 1) 3F B 4= 22 ik
J1 UL AR aX R BF oY 85k T G AE U R N
(polymerase chain reaction, PCR) A & FHA
S B AESE, 2% T LRI A Y OCBEE T, A
I 5% Jk F 98 i 2k 41 K 3% (The Cancer Genome
Atlas, TCGA) ##li FE42 4 5 TNBC & # Hi5 M
MY e miRNAs 2 H R LB, I 0 2 8 42 1 4%
BT miRNAs #3E H T G825 00452 19 £ 2= T ik
{55, o TNBC 8 UG Ar & ) 0 0 2 52 4t
PSR

1 #RS5HE

1.1 %8B TRARALE FLIRERHEM
miRNAseq Z4s FUAH OC h R4k A T TCGA ¥4
JE (M 4k . https: //portal. gdc. cancer. gov/), %4
AbRiE: O ML B OFL I 4 2 U] 1Y
B OTCH AL M L @R BEAT 1k H A4 B
RIT R R o R IR AR IR R RO TNBC J
JE TNBC % (HAth 4 TNBC 3L B¢ 8 &) b7
1: 20, HZ99 A 1094 TNBC 4 #1218 ]k
TNBC % .

1.2 £2# %% miRNAs# Hik KA RKM limma
BOHE 42 0 8 TNBC M 59 TNBC 8 & 4 4l 2
5 I 0Y miRNAs, ik & . P<<0.05, [ZH&
ki (log,FC) [>1, A A7 4y 0 ik — 2 0 ik 5
TNBC M & W 5 # & 9 miRNAs 1/ 24 H 5
miRNAs, i kAR P<<0. 05,

1.3 miRNAs¥e X B ik FIHmiRDB (k.
https: //mirdb. org/) 1 miRWalk3. O 7£ £k ¥k 4i& /&
(M 41k . http: //mirwalk. umm. uni-heidelberg. de/)
W % 5 % ik miRNAs M B JE B, %S
miRNA 3'-3i IF B 9% X 45 A& (19 80 2% B, 3 I ) i
B2 A B T E) R0 SE S TCGA B0 & b
ik 22 H R HE L E TR ME N RAR
HA

1.4 miRNA-2 XA B AR LS HE FH
Cytoscape 3. 8. 2 4 ## miRNA-# J [K i 45 % 24 I 11
B KA b PE (maximal clique centrality, MCC)
P4y, i MCC ¥F 43 11 2 7 /Y miRNAs F1 T 10 {7
V14 L e DAL Ay X R 42 ) 5%

1.5 X B K4K#(Gene Ontology, GO) Fo F A A B
5 & B 4aa# 4 # (Kyoto Encyclopedia of Genes
and Genomes, KEGG) & &£ & # F| H R #& 1
clusterProfiler £ X #8 5 A ¥ 47 GO Fl KEGG i % &
S b, O bR B s P<<0. 05,

2 &5 R

2.1 Ji#5 TNBC #WE £ miRNAs 7£ TNBC
B 5 AR TNBC B A 40b JL i i 1 38 22 57 3%
K miRNAs, H 24 4> miRNAs £ ik F A,
144 miRNAs F3A T (1) X0k 22 5+
FiB miRNAs AT AAF 00, SRR . Rk dA
B A 20 miR-9. miR-17, miR-31. miR-146a.
miR-188 Fl miR-190b #% fik % ik 24 A= £ W ]
K (E1).
2.2 mRNARARGAEBFHRIMN AR
F 0 2k 224 4~ [A] B B miRWalk3. 0 #l miRDB 2 4>
B FE i 2] H 5 TCGA $ds B 22 S+ Rk A &2
2 H AR miRNAs Y RLIE R o X 3X 224 /> #0JE 4
1T GO W= YR sr M, 458 W bl i 3 ) 32 22
Z 5 ARG . DNA-BUR Y IE R . 40
BRI E S . R AR R R TS (K
2), LIRHENEES S5 RA s B
PR AT R A A Ay . SRR L P TR
MRS (K3), FREENFESH5W ST
et 4. RNA KA 1 .05 8+ i b X7 51
F5PMEDNAZE A . RNA RA W [ %005 2 F i i
KPR SRS & . 2RSS G BN T4aiE . &
K NP5 A mRNA 3-UTRZE &% (K 4),
HE— A 224 ARSI #E AT KEGG {5 5 18 %
Br, @R EB/R EIREN FES 5 0E S E B
OB PR - B A2 R A AR . R E . BREE
IR % (cyclic adenosine monophasphate, cAMP)
& 53l % M Janus 4 (Janus kinase, JAK) -ff§%5
& S T 5 SR I 7 (signal transducers and activators
of transcription, STAT) fF5 M (K 5).
2.3 miRNA-mRNA # #& R % i F Cytoscape
3.82 B Xt 6 Fft miRNAs il 224 A4~ #1354 H 2
miRNA-mRNA ¥ # /] 2%, 255 7R : miR-9 Fl
miR-17 A% H 5 W 2% 19 4 miRNAs, H miR-9 9
FUJE N 7E TNBC & HZUh LUF Iy 3, miR-17
RO L DR DL R R 32 R A I 4% i i OGBS DR
AR F % 24 W 51 2 (solute carrier family 24
member 2, SLC24A2) . vav & 1§ R 22 #: K + 3
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F1 TNBCEFSIETNBC HHFHEZRTIEH miRNAs & 3% 585 W) 36 L % & o (peroxisome proliferator
Tab. 1 Differentially expressed miRNAs in patients with activated receptor a, PPARA) . RNA %4 /i [l 1

TNBC and non-TNBC #H: G (RNA polymerase [l subunit G, POLR3G) .
Gene ID Log,FC P Gene expression status Z G BRE H K 1 (pleomorphic adenoma gene 1,
Hsa-miR-34c 1.02  3.55E-08 Low expression PLAG1) . ¥ Z M % ;& SH3 45 4 8 & A B
Hsa-miR-30a 104 8.15E-10 Low expression (ubiquitin associated and SH3 domain containing B,
Hsa-miR-887 106 4.66E-09 Low expression UBASHSB) J& SH3 2 K 5 71 70 & Ik & % 2 (SH3
Hsa-miR-182 1.06  4.86E-15 Low expression

domain and tetratricopeptide repeats 2, SH3TC2),

Hsa-miR-196a-2 1.06 1.13E-06 Low expression H ot SLC24A2. VAV3. TRIM36. SYT1 A1
Hsa-miR-342 1.48 7.62E-27 Low expression

Hsa-miR-153-2 1.59 7.98E-13 Low expression PSD3 f& TNBC i % 41 21 & 34, PPARA,
Hsa-miR-10a 1.79 2.97E-21 Low expression POLR3G. PLAGI. UBASH3B Ml SH3TC2 f£
Hsa-miR-149 1.88  1.14E-23 Low expression TNBC B E AL FH . 7818 45 M 2% oA 5AF
Hsa-miR-375 213 9.27E-17 Low expression g8 B A 58 ) miIRNA-mRNA: miR-146a-SYT1,
Hsa-miR-653 2.34  9.83E-20 Low expression miR-146a-KIF13B . miR-9-SYT1, miR-9-KIF13B.
Hsa-miR-184 3.43 1.19E-17 Low expression miR-9-KITLG . miR-17-SLC24A2. miR-31-
Hsa-miR-190b 3.46 6.87E-47 Low expression SLC24A2. miR-188-SL.C24A2 il miR-188-
Hsa-miR-877 1.00 4.99E-10 High expression SLC24A2. WL 6.

Hsa-miR-130b 1.01 9.70E-25 High expression

Hsa-miR-511 1.03  2.52E-12 High expression 3 3F g

Hsa-miR-188 1.03 1.33E-13 High expression iz, JEUEN . .
Hsa-miR-146a 1.05 1.79E-15 High expression ?LH%F;E& FERCH I 19 @HEP‘J;@,VZ'—‘ ’ PEEEY‘
Hsa-miR-942 1.07 2.55E-19 High expression WL e Y % L @% » T TNBC ’ﬁf ML EDJ; g — A
Hsa-miR-937 1.17 3.56E-08 High expression OPEL, RATRERPERIN 25 . B K AR AR
Hsa-miR-19a 1.24 6.77E-20 High expression Hﬁ}i% q:jT: R ’ s f Xl Bﬁ E(J—‘%dfél-‘ﬂ’%% © ﬂﬂéf@
Hsa-miR-17 126 9.58E-30 High expression Z W HEsE " B miRNAs 2 5 Mg i) & 4 ke
Hsa-miR-31 1.31 5.37E-11 High expression Tféﬂ]ﬂ@”ﬁt N ﬁéﬁ N ﬂj{;%‘(fiﬂj N 2&]}3@%%@}[],{%&:
Hsa-miR-505 1.31 3.12E-32 High expression SR REER, TRERANMEN TG EY ., &
Hsa-miR-455 1.51 6.81E-31 High expression Eﬁﬁéi%ET miR-9. miR-17. miR-31. miR-146a.
Hsa-miR-9-3 1.56 4.18E-11 High expression miR-188 Al miR-190b &,ﬁ\:ﬁ]_]‘% 53] %%Q:Ji i Wk y 2
Hsa-miR-9-1 1.57 3.58E-11 High expression &Jﬂlrﬁ:iﬂ—f‘?iﬁﬂ 5y %?LH%%,%%E@Z: B
Hsa-miR-9-2 1.57 3.58E-11 High expression

Hsa-miR-584 1.62 7.46E-29 High expression LEE; g i °

Hsa-miR-483 1.65 1.16E-13 High expression miR-9 E@Lﬁ{ﬁ‘ﬁ?[ﬂ% A EKJIE%QJ&@? e 4l
Hsa-miR-224 184 1.76E-18 High expression JHL I 1A SR E AH DG B EF R4 R, AT 25 TNBC
Hsa-miR-452 1.86  7.46E-29 High expression B A R U AT Y R s miR-9 E R IA
Hsa-miR-18a 192 7.34E-48 High expression TNBC £ # DFS iﬁt{f&, ﬁﬁﬂlﬂﬁ%iﬁiﬁ,ﬁﬁiﬁck,
Hsa-miR-1269a 2.23 3.35E-06 High expression H E i ,ﬁg @{ *ﬁ AN T e S F % ,M; B
Hsa-miR-135b 288 5.38E-34 High expression (platelet-derived ~ growth  factor  receptor R,
Hsa-miR-577 3.37 9.58E-30 High expression PDGFRB) %%@J ¥ T miR-9 ﬁﬁgﬁé 11 Lr-ﬁ“ ;’s it
Hsa-miR-934 4.78 8.82E-55 High expression

TR R 35 8 A IR R L IS A S5 F B 13 (StAR-
related lipid transfer protein 13, STARDI3) i i
(vav guanine nucleotide exchange factor 3, VAV3) . TNBC £ % 1% 4 £ . miR-17 35 ik /K F 5 g &
= B4k ¥ 38 & A4 36 (tripartite motif containing 36, JNFTTNM 40 8] 6 2 4 3 . H miR-17 &5 32 ik 1
TRIM36) . % filt #5 i & 1 (synaptotagmin 1, TNBC & W5 B4, miR-17 i@ 1 1 il E26 % #
SYT1) . & #iAA Sec? 4518k &4 3 (pleckstrin B PEAE R 1 (E-twenty-six transformation-specific
and Sec7 domain containing 3, PSD3) . it % LYy variant 1, ETV1) ByEE, M TNBC 405 /9 1
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A:MiR-9; B:MiR-17; C:MiR-31; D:MiR-146a; E:MiR-188; F:MiR-31.
B1 miRNARKKF5 TNBCBHE OSHXKE
Fig. 1 Relationship between expression of miRNA and OS of TNBC patients
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@
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B2 HERAYELIRK GOZRBEEMT

Fig. 2 GO functional enrichment analysis on biological

process of target genes

B AN SR 0 5 AL Y. miR-31 i ik B4 R
AT J¥ % 45 &5 ¥ H 2 (special AT-rich sequence-
binding protein 2, SATB2) K ik Hl TNBC 4
Y 32 FS {2 28 7. miR-146a 8 1 41 i SRY A 56
M BB E & 15 (SRY-related high mobility
SOX5) FILMH TNBC & # 41 il 1Y
B MG %, HAEFLM R 5 B 1 (breast
BRCAL) @k &

group box 5,

cancer susceptibility gene 1,

Plasma membrane .
Integral component of membrane .
—-Logo P
Integral component of plasma membrane (53
6
Extracellular region [ ] &
4
Intracellular o 3
Postsynaptic membrane * Count
® 20
Neuron projection . ® «©
@
Synapse . . 80
Postsynaptic density .
Perikaryon
2 3 4
Fold enrichment
B3 MENARESK GOWREE R
Fig. 3 GO functional enrichment analysis on cell

component of target genes

TNBC ## 1, miR-146a 1] AE 2 2 w5 8 & OS i1
FE IR B A . miR-190b 7 TNBC [ 3 h 3%
BT BT T miR-188 76 TNBC i #
TR TR A (R DA O 4z 3 @miR-lSSTf?LH%%
AR KL, [ miR-188 5 i 22 24 J5 3 1 2 1
#% B (mitogen-activated protein kinase, MAPK)
5 5 P RAS i K R L 5T (member of
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—Log, P
Receptor binding | @ Sto
3
20
Nucleotide binding | @ 2
20
Transcriptional factor binding | @ *
Count
Growth factor activity { @ .2
P
5 - o
mRNA 3-UTR binding ™ o
L]

Beta- catenin binding { @

Setroid hormone receptor activity | @

Glucagon receptor activity

Fold enrichment

B4 BEFSTIHREN GOZIBELES T
Fig. 4 GO functional enrichment analysis on molecular

function of target genes
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Fig. 5 KEGG signaling pathway enrichment analysis on

target genes

RAS oncogene family, RAP2C) ik #F 3L it 9w
28 B8 T O 40 o) LA 4 AR A 3G A . miR-188 7E
TNBC & # 0l J5 h H A FF i — 2ot se;
miR-9, miR-17, miR-146a Fl miR-190b #] g 1 K
AR T B R A 7 T B I DR 1 412 T A S T
W45 )7 T 3 miR-9. miR-17. miR-31 Fl miR-146a
AT BEAE A S TR Y7 B R Bl R

Xof 35 PR A= W0 2 Dy e 43 i R 538 8% 43 B AT LA X
oI & 1 43 F ML B AL A o0 B . B, ARBIFSE
2T T miRNAs $E 3L H 2 5 1) 4 Y24 0L 7 fn
G, 45RER: WREASAMRBREVEE .
DNA B 5 (9 1F o] P8 45 . 20 19 58 04 1F 1o 8 45 L i
AR, M RIFKN ., p-EREALES . 5
mRNA 3"-2 B33 X 45 A S 2 A4 K B 335 o 0 O
P S WOE I FIE PR T ae, B, BRI A R

B RIB e 5 DNA (1 55 7 57 R0 8035 2 2L AR 40
() 58 BB A A0 O BRgE T R . ITGA9JE
oot %A F G (integrin-linked kinase,
ILK) /ZE H#B¥ A (protein kinase A, PKA) /
W R A B 3 B 3 (glycogen synthase kinase 3,
GSK3) il B2 i -1 P 8 1 B A R 1 il TNBC &
HME R AERK MR, R B-E R E A AT REAE
TNBC iy A K FEE 5 e S AR

ENTIENESE TSNP SR e SN R R
WA 5 38 [ RN A1 i PR -4 R 2 RRE AR A
S, B FEMAERKKETF 1 (insulin-like growth
factor 1, IGF-1) KHINMAZIKEER ZHEERKK T
13Z & (insulin-like growth factor 1 receptor, IGF-
IR) W REfE#E TNBC W& I, ik S5 R A4 KK
F 2 (insulin-like growth factor 2, IGF-2) fg#
#E TNBC 4 fa py s o, Rk, B RSG5
i % AT REAE S OCHE 1Y A5 5 3l 7E TNBC 1 & 2B &
JE R B OCHEE A o 20 R R0 S I A R B
R4 ek S 240 L 14 B R [ S A P 4% T O B o i A
T L AH 5 1) 5 5 43 b 240 JE DR -6 3 22 ok e i 245 4L
il o & HESCEEVE T, BT 3R I 40 R PR - A4 e PR
T 2 U AH B AE H 38 % 0T B8 & TNBC 7= Az i 24 1% 1)
O K o[]Sk R AR JAK-STAT {5 5 38 %
wE, NCCAAT Y\ 7455 HH B (CCAAT
enhancer binding proteins, C/EBPB) & H J& fit ¥
TNBC ZA4: i EH, H C/EBPRME M Al H %45
4 JF W % TNBC o JAK-STAT £ A ™, A 1t
JAK-STAT {5 %538 s #¢ TNBC iy & £ & B &
BEELEN.

RS FET KRB 6 miRNAs Fl 224 4~ A
M JE R 4%, 4288 miR-9 F miR-17 4 56 B 1 11T
% M T miRNAmiR-146a-SYT1. miR-146a-
KIF13B, miR-9-SYT1, miR-9-KIF13B. miR-9-
KITLG. miR-17-SLC24A2, miR-31-SLC24A2,
miR-188-SLC24A2 Fl miR-188-SLC24A2 Ay i I 5
Y . o miR-9 Al miR-17 & M ¥ A TNBC H % i
= R Vo 7/ Kt B B 2 S
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