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 E AT miR-449 B RBEAR T NEAREAENLRE XA KB R P OER, FIF LR LEE PCR AN 83 #3L
B8 g 2 H miR-449a B A At R A B, R I miR-449a I RE AL TR A KT H TRETAR 5 HEA 8 FRA .
KN HEZHEREFMEHZZHERASH X (P<0.05), mR-449a A= ABAREFTHRAKFEFRTERE, #H
Kaplan-Meier Plotter ## E# /T £ F 0 , R E S EZAMILIEE ¥ miR-449a REF AR EFE B E R THRA4, A
B AILRE T miR-449a 7 KL 4 B EF FE B F K (P<0.05), Fl A ENCORI 45 & HUN 4% 2 2 £ H 186 A, @ 1T
metascape I EHATE E o , KN E S R E xR Aot AT H AR HEE Nt Eaalad 2Ry
Pl % NOTCH TGF-B Wnt PI3K-Akt £/~ F 8915 S # % , #3t string 2036 EHATE & B 1E WL 947, 1 H Cytoscape 5 1 1
¥ B NOTCHI JAGL F7 cyclin D1 % & & 4 % iy X 8 F W 4 . 12 fl ENCORI #( 4% & 2 #f miR-449a 5§ NOTCH i /2 % % H iy
AR M, KA mR-449a 5 NOTCHl ZA BB AR PR A Z AR, AARERELY miR-449 AL BEAR P RL LA
R R, T %and@%‘iﬂ#’ﬁﬂi% 42, P4 NOTCH 15 53 % 7 ik & H A SRR ¥ v E Z N4,
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Expression and bioinformatic analysis of miR-449a in breast cancer tissues

LIN Hui, CHEN Jiajing, WANG Canming, ZHENG Sugiong, QIU Jianlong "
( Department of Pathology, the 910th Hospital of the Chinese People’s Liberation Army Joint Logistic
Support Force, Quanzhou 362000, Fujian, China)

Abstract; This study investigated the expression of miR-449a in breast cancer tissues and its role in the
development of breast cancer. The relative expression of miR-449a in 83 cases of breast cancer tissues and adjacent
tissues was detected using real-time fluorescent quantitative PCR. It was found that the expression level of miR-449a
in breast cancer tissues was higher than that in adjacent tissues and was related to tumor histological grade, size,
estrogen receptor status and progesterone receptor status ( P<0.05). The expression level of miR-449a in triple
negative breast cancer tissues was significantly lower than that in luminal breast cancer tissues. The Kaplan-Meier
Plotter database was used for survival analysis. The results showed that the overall survival rate of the low expression
group of miR-449a in triple negative breast cancer was significantly lower than that of the high expression group,
while the overall survival rate of the high expression group of miR-449a in luminal B breast cancer was significantly
lower (P<0.05). A total of 186 target genes were predicted via the ENCORI database and were enrichment-
analyzed using the Metascape database. It was found that their functions involved mesenchymal cell differentiation,
cell migration, endocrine resistance, adhesion, actin cytoskeleton regulation and signal transduction mediated by
NOTCH, TGF-B, Wnt, PI3K-Akt and others. The protein interaction network was analyzed using the String
database, and the key sub networks composed of NOTCH1, JAG1 and cyclin D1 proteins were screened using the
Cytoscape software. The correlation between miR-449a and target genes of NOTCH pathway was analyzed using the
ENCORI database, and the expression of miR-449a was negatively correlated with NOTCH1 in breast cancer
tissues. This study demonstrates that the expression of miR-449a in breast cancer tissues is significantly
heterogeneous, and it can participate in the tumor development process by affecting various signal pathways.
Regulation of NOTCH signal pathway may be an important mechanism of miR-449a in breast cancer.
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LRI 2 21 A 4 BRI 1R P9 5 e DL A P g
KA BT, AR — i B S B A 9
I, T 2H SV Lk PR R B DR 4 - s A B
A 2003207 125, i R A v AR A0 M IR 32 1
( Estrogen receptor, ER) | 22 ¥ & 5% 1K ( Progesterone
receptor, PR) Fl A\ 3% B2 £ K Al F 32 1& 2 ( Human
epidermal growth factor receptor 2, HER2) HY & 15 ¥
HAy i ) HER2 3 F35RR = FIVESLARE
ANTR) 53S0 8 2L e B AT R B9 1l PR SR B 4 1
TR BRSARRIE I0YT ROV LA R BUS IRA T i H N TEAL
T 9 22 S X AL 93 28 07 R R BT AR T HE L R K
F /N RNA (microRNA , miRNA ) J&— 25 Py I
A RNA , 3 200 400 5] B S 4 mRNA 3
PEBLIRIRIE  TEIRRAE s B vh 2 4 B0 B4 i 1
AT, #84; miRNA 7 7L TP R AR S e
SRRAE 53T L RUAR OGIB | AT T I Iea 118 XU 1 Ui
FURSHESRE) . B9 /R miR-449a 1EFLIE |65 5
NN Y R E N 7 A P e e AR
WAL, S 5N TR RRAE TR (E X
HAEAR DR ZL R VR T i B AR5
LA miR-449a 7EFLIRE AL SV YR, o0 B
il A FRARAE Y OC R IR HIZE W AE B2 5 4R
FHAE MR A R R s A b ml B n VR R BILAR, LA
HFLE R BT S S HE— 2 S IR

1 SRS

1.1 HLARAFAIG PR B

VEEUA [ 2017 4 & 2021 47 FARYIBRH 83
BIFLARE B EE NIRRT S, AR, ODEH12HE
GNP E RS QI PR B TR} 5 W
ER PR fll HER2 & [ AR RES ; @kt To A & 1
MIRFEIX . HEBRBRIE . QAR FIEZ o B a7 ;@
GIFHAES BB MR . AR AR B 2y
fee, BENE R B MG RE S, BE kKRR
27~81 % SEHJAENA (50.48+12.11) %, H412F 251
AR E P 70 6] FERERERAAE AR I M 9
B A VeI 4 65 4 1 0 B0 AL HG A I R 43 B
HER2 i kR 19 ] = B FL AR s 21 1, e
iy £ 3 2 2l AR A BE P I 2 >2 em 1
IEH FLAR AL S UE X IR
1.2 FHik
1.2.1 qRT-PCR £l miR-449a FRik/KF-

FAWEARALL 15 wm JEEEY R, 34 B A1 200
A miRNA $2HGR & (bt RARAE R A 7)) Ul
W82 B RNA #2385 5 32050 &5 ( 36 B APExBIO

O BAEL BER RNA 35 588 ¢cDNA, miR-449a
Wi 5 S 51 )7 51 . GTCGTATCCAGTGCAGGGTCCGA
GGTATTCGCACTGGATACGACACCAGC, & Wi 1Y
cDNA FBE G —W B )5 |, % IR 2L E it PCR I
U (R Rt MERE R MR A R BEATHRAE I
120 WL 52 W4 & : cDNA B4 2 wL. 514970.8 pl.,
SYBR Green PCR Master Mix 10 plL.ddH,0 7.2 plL,
miR-449a | 3% 5| ¥ . CGCGTGGCAGTGTATTGTTA,
U7 51 ¥ : AGTGCAGGGTCCGAGGTATT,, J I 4%
.95 CHIAEPES min; 95 CAEME1S 5,60 C iR Kk
30 5,72 CHEMI15 s, FEFF 45 W, il 3% CufH, LU
U6 HINS I R 274 1T B miR-449a (1 4 %F
Lk,
1.2.2 HAFEE T

ffi H Kaplan-Meier Plotter % #i& J& ( https://
kmplot. com/analysis/) # 17 7 £k 4> ¥r, it £
METABRIC i SEFEASHL, [LEL miR-449a K 1K
S ENCIRIZLEN STy e s ey 2 NP .
1.2.3 LD B e B2 0 A

M ENCORI M %j ( https : //starbase. sysu. edu. en/
index.php) % miRNA-mRNA A0 5. AE FH 8 , b
TargetScan ,miRanda # PicTar AN J2E 3 [R) Y
W25 A Ry S0 0 L AR . 1 H metascape 7E2&
s % ( https://metascape. org/gp/index. html #/
main/step 1 ) Xy T3 I f% 0 56 PR 4 5 30 47 35 PR A R
(Gene ontology, GO ) 437, 5t #f H K] 5 HE R 40 ' B
44} ( Kyoto encyclopedia of genes and genomes,
KEGG) & 4507
1.2.4 gt A HAR M2 b

i string 0 2 (https ://cn. string—db. org/ )
A7 95 & H AH B AE H ( Protein-protein interaction ,
PPL) 4850 HT o KR4S R 5 A Cytoscape 3.9.1 %
{8 MCODE #fi ' HEAT PPT 1~ ¥ 2% 1) SR S A B
1M,
1.2.5  miR-449a 5 HLIE IR B R OCHE 2B

4] ENCORI % #s JoF #8 % 7L % 98 21 21 miR-
449a 15§ R R 3A I A G 1%, mRNA Rl miRNA %
P VR T e B 4K ( The cancer genome atlas,
TCGA) , 34 log2 (FPKM/RPM + 0.01) #44t
1.3 it abE

iz 1 SPSS 26.0 B4 X K AT g it Ak B, 3
ORI R e b o 22 R, 21 A) 22 S R G
X K5, Z2 41 55 R L R - Games — Howell
2 THECROR DLV RN T 4y R 3ROR AT o KR, P<
0.05FmZEFHAGI ¥ E L,
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Fig.1 Expression level of miR-449a in breast

cancer tissues and adjacent tissues

2.2 AESFIEZARE miR-449a KiAKF L&
HE— L AN ] 40 7 I 280 5L IR 963 miR-449a 1)
Foik , g5 R R HAE = B L AR g8 v 2 3k K S AR

(0.90+0.39) , 745 i 70 7L B 98 o ) 2R 1k K - fe
(1.56+0.71) , I Z Al 2= F A G it L (P<
0.001) ,1fif HER2 3 Fik RIFLARE (1.29+0.63) 5 H
A 22 ] 9 22 S AN A S it L (P>0.05, UL
K2),

4r P<0.001

T

P=0.069
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Fig. 2 Expression level of miR-449a in different molecular

subtypes of breast cancer

23 miR-49aRIEKEEEEFIRKBEFLN

X&

HRIEFLIRE 412 miR-449a 3k /K 19 -2 {H
W BB AR RIR A 43 B, i RIE4 40 B, AT
miR-449a FK kK V- 55 | JE8 B I PR e B A AE 1Y
P W TN R LA N AN D
ER PR (FRIRREA K (P<0.05) , 5B & F91E i
o AR R LS5 RS TNM 40 I LA B HER2 &
RS TCARINE (P>0.05, L3 1)
24 miR-449aRiFKESRE S FLEZIRREE

AWMENX R

i H Kaplan-Meier plotter 504 22 43 #T miR-449a
FIRKF- SR A FL MR SR SRR R,
SRR TR E B BUZLARIE T miR-449a =ik
BAAFR B E TR YL (P<0.01) , 78 = FIPEZL
JgeE b miR-449a AR A B AR B ER TR E
K (P<0.05, WIE 3) , AR I #4278 miR-449a
TEANIA) 53 ¥ S AL L 98 04 VR HI AT REAFAE 22 ). Utk
AhE I A B HER2 o F3h R 2L RIR 2B 1 B A7
F5 miR-449a I FRIBIKF-TLK(P>0.05)
2.5 miR-449a BERFMMEESTER

TR 25 5 0% 18 186 4 miR-449a #LEL[A, GO
SrHTE A DI RE W M A M A TR A R R (]
FEB Al AR E R E CAHE R B AT
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WE R WA S e i R 4 A A W e R (DL
Kl 4), KEGG 7 #r4h H i 78 miR-449a 136 K & 4
TN IARTT R B 3 R BE L Bh B (40 i

F1 miR-449a RiZKFESIAREEERKFEFTENXER

A5 L) B2 NOTCH \TGF-B . Wnt ,Ras . MAPK . PI3K-
Akt S I S g, Kb 2R C 5 5L
WG R BV ( WK 2) .

n( %)

Table 1 Relationship between the expression level of miR-449a and the clinicopathological features of

patients with breast cancer n( %)

miR-449a FiL/KF-

s PR R i n

N X p
%Rk (n=43) F 2K (n=40)
(S
<50 48 21(43.75) 27(56.25)
2.960 0.085
>50 35 22(62.86) 13(37.14)
il bRt A
s 42 19(45.24) 23(54.76)
1.470 0.225
H 41 24(58.54) 17(41.46)
HLER ]
1-2 34 13(38.24) 21(61.76)
4.249 0.039
3 49 30(61.22) 19(38.78)
TNM 4331
| 18 6(33.33) 12(66.67)
3.142 0.076
I-1I 65 37(56.92) 28(43.08)
J9EE R/ (em)
<3 52 22(42.31) 30(57.69)
5.032 0.025
=3 31 21(67.74) 10(32.26)
e
B 37 19(51.35) 18(48.65)
0.006 0.941
FH4E 46 24(52.17) 22(47.83)
ER RZ
[Mikis 40 26(65.00) 14(35.00)
5.382 0.020
FH4E 43 17(39.53) 26(60.47)
PRORZS
Mikis 55 34(61.82) 21(38.18)
6.544 0.011
FH4: 28 9(32.14) 19(67.86)
HER2 IR7S
A 50 29(58.00) 21(42.00)
1.932 0.165
FH4: 33 14(42.42) 19(57.58)
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FALE S DAL E string B8 AT & PPT W
2 XML L 137 A1 ORI 276 A5, F R ER
KRZHBON 0.357 , 50455 A Cytoscape #E47T #4L ( 1L
Kl 5a) . fii Fi MCODE 4 {4 # 17 43 7, fifi € tH LA
Notch Z4& 1( Notch receptor 1, NOTCH1) Notch {4
1(Jagged canonical Notch ligand 1,JAGT) .4 ifd J& 30

FE D1 (cyclin D1, CCND1) 25 A% 0 B F I 2% (WL

%l 5b)

2.7 miR-449a 5SEFRFRIXMWBXED
#E—25 73 HrmiR-449a 55 NOTCH 15 5 i [ # 5t

PO 2) 23K M AH G, 45 2R 78 miR-449a 5

NOTCH1 ZEFLIR I H AP i RB R FAH K (r =

-0.186,P<0.001, "LIK 6) ,
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Fig. 3 Relationship between miR-449a expression level and prognosis of patients with different
molecular subtypes of breast cancer
] [G0:0032989: cellular component morphogenesis
| G0:0048762: mesenchymal cell differentiation
1 G0:0048608: reproductive structure development
| G0:0060322: head development
1 G0:0001822: kidney development
| G0:0016570: histone modification
| G0:0007423: sensory organ development
| G0:0048534: hematopoietic or lymphoid organ development
| G0:0051056: regulation of small GTPase mediated signal transduction
] G0:0010171: body morphogenesis
] G0:0006325: chromatin organization
] G0:0042060: wound healing
] G0:0030335: positive regulation of cell migration
] G0:0040013: negative regulation of locomotion
] G0:0007265: Ras protein signal transduction
1 G0:0060627: regulation of vesicle-mediated transport
1 G0:0072659: protein localization to plasma membrane
] GO0:0030177: positive regulation of Wnt signaling pathway
] G0:1905114: cell surface receptor signaling pathway involved in cell-cell signaling
] G0:0072015: podocyte development
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Fig.4 Result of GO analysis of predicted miR-449a target genes
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Table 2 Result of KEGG pathway anaysis of predicted miR-449a target genes
ECIR= TH % 24 PR loglO( P) A
hsa04330 NOTCH {5518 % -5.78 JAG1, NOTCH1, NOTCH2, NUMBL, DLL1, APH1A
hsa01522 N 2 AT -5.60 JAG1, CCND1, E2F3, NOTCH1, NOTCH2, MAP2K1, DLL1
hsa05224 FLMR I -5.43 JAGL, CCND1, E2F3, NOTCH1, NOTCH2, MAP2K1, DLL1, LEF1
hsa04520 R B 3% -5.30 SMAD4, MET, PTPRM, VCL, WASF1, LEF1
hsa04350 TGF-B 15 5l -4.60 E2F5, INHBB, SMAD4, ROCK1, TGIF2, GREM2
hsa04310 Wnt {5518 -4.10 CCND1, CTNND2, SMAD4, DAAM1, LEF1, LGR4, TBL1XR1
hsa04510 K Bt -3.60 CCND1, MET, PDGFRA, MAP2K1, ROCK1, VCL, PIP5K1A
hsa04810 LB 28 1 240 M SR T -3.39 PDGFRA, MAP2K1, ROCK1, RRAS, VCL, PIPSK1A, WASF1
hsa04218 Yl -3.38 CCND1, E2F3, E2F5, MAP2K1, RRAS, CCNE2
hsa04014 Ras {55538 -3.22 MET, KITLG, PDGFRA, PLCG1, MAP2K1, RRAS, SHOC2
hsa04010 MAPK {5 i #% -2.63 CACNB3, MET, KITLG, PDGFRA, MAP2K1, RRAS, RPS6KA4
hsa04151 PI3K-Akt {55 538 % -2.20 CCND1, MET, KITLG, PDGFRA, PPP2R3A, MAP2K1, CCNE2
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Fig. 5 Result of analysis of protein-protein interaction network

hsa-miR-449a vs. NOTCH1,1085 samples(BRCA)
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Fig. 6 Correlation of miR-449a expression with
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miR-449 F J% £ 5§ miR-449a , miR-449b  miR-
449c | AT YL AR 5q11.2 Al DR 3% i 4 i, 31X —
$of Ll SRR S SR X T, miR-449a Ekﬁﬂfﬁ\
ARSI R RRIR  TEAR /N R |2 A | S

SRR S A E R R R PR R AR
FHYS . HAT miR-449a 55 3L IR AH SC BRI 4518 17

TFE—0P g . A RIE 2R miR-449a7F FL IR 2H 25 FZi
MRFER T, i K miR-449a Xof L5986 20 B e 41 ]
PERYY (B BFSE & P miR-449a 15k EL 45 R 54 7
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TB7R miR-449a TEZL IR 2H 21 b (0 2655 2 90 S v 1Y
S, AR SR TR S A A 38.6%
(R 81 B TR A, DR AR TR 9 4538 1 F JEG 76—
ERRE A RIREARA I,

AR PR R miR-449a 1Y 32 18 55 b g 4 41~
GO G FE = ) RFRR I 2L 9 vh 2R3k
REARS , P R LR UM i e rh — R b R M
YER . LRI R BT AN [R)AE P2 R B RRAIE 1) 55 I
PEPEIG , miR-449a 1) 3 1K 7K - 76 K [6] 43 31 A0 2L i
JEIAAFAE 2 5 U R = PP LR R R K e
RFE R, =AML — R R 28 1 A
FUA AR (0 14 5 Be 0 R e B XU, b R ) 7 o
fk ( Epithelial-mesenchymal transition , EMT) #H2&1JE
BT RE A R AR R 28 M s i, 3L
K I & 4 50 Mr &5 3R i 78 miR-449a 19 T ARE W K Ja] 58
SR oAk AR RS RN R BE LBl A
0B R SR AR 2 R HR miR-449a (W ) RE
5 MR AR BB VARG, RSN SEG R I AE — ]
PEFLIR I 40 0 2 b miR-449a 193k 5 Al 4 i
YRR A EMT SR o 40 B g/ T, DT & #5240
REfE A AR M4 R R miR-449a (R ik
() = PR LR BB AR B B TR Ras &

miR-449a 75 5 15 U 7L g b s Rk, R kKT
L EZ R ER PR FHMREA K, Jenrf s &
P miR-449a 78 ER PHAE: A4 2L % 40 L bk MCF-7 o
() 223K B3 8 1 1B R LR b R 40 B, A1 U 5
AR AL I B ALZ ER BHEFLAR
FE R B PR R R Y AR AT 0 B 45 R B R miR-
449a TE1Z W B 3R R B0 1 FR B TS B 2%, $UR
miR-449a 7% % e i Je ok it v ml 8 & 5 T 24
AL B F AR B, A5 8F5E K B miR-
449a 35 38 055 0 B 1k AL EE-3-0 I 4 L T L o
( Phosphatidylinositol 3—kinase catalytic subunit alpha,
PIK3CA) RABREA K, J5# /2 ER PR ZLAR R i
WL B VR A0 M g AR R R PTK3CA %878 5 5L
PI3K-Akt 15538 [ 1Y 5 ST , AT 02 L M g 4
A AR 28 B 3 IR T 45 R B R miR-
449a P8 PI3K-Akt {5 5 i 19 2S5, L miR-
449a 7EFLIE v R FE R BEBUR VR T, AT AR ER L T
AR B 5K BB

KEGG & 4 43 1 45 B W /R miR-449a & 5
NOTCH TGF-B ,Wnt , PI3K-Akt % £ Fj % 53 % , i
it PPT 2% 53 A7 6 OGB48 , 22l NOTCHI |
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