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KRS 8RN B 7 FALFI R 53

i ROl HhmE FENR
(RS T30 = A BRI B SR FAR AL, WA 610031)

EES X IR AR AR AT K IR 18] 4E % A5 RNA 00963 (long intergene noncoding RNA00963,
LINC00963)i# T ¥2.1%) miR-1224-5p 3 4% FUAR A 20 038 FA BRI BB M 69 o F L], 428 gQRT-PCR
A FUAR _E R 4m e, MCF-10AF= LA & 28 2 (MDA-MB-231. MDA-MB-468. MCF-7)% LINC00963
F2 miR-1224-5p g Aa5F R A L. 4 MDA-MB-23148/84 4 si-NCZA (4 % si-NC). si-LINC00963
20 (3 % si-LINC00963). miR-NCZH (4% % miR-NC). miR-1224-5p#a (4 # miR-1224-5p). si-
LINC00963-+anti-miR-NC4H (25 4% % 5i-LINC00963F=anti-miR-NC). si-LINC00963-+anti-miR-1224-5p
28 (£ 4% 2 si-LINC00963 4= anti-miR-1224-5p). MTTA& M 4@ il 38 78 155 5. ; Western blot#e i) £m fieL ) 27
#DI1(CyclinD1). ¥%74 4m i8.4% 307 (proliferating cell nuclear antigen, PCNA)& & & A H L, 14 525
o) £ BOACS AR ;3% o BEAR 4 52 340 LINC00963 42 miR-1224-5pég ¥ed % & . £ FLARIE
@ i, P LINC0096348 4 & X & 8 238 An, miR-1224-5pAAt & A & 8 & 51K, 474 LINC00963 A it &
X miR-1224-5plARFUAR IR 2 038 70 7% M An i o 575 43 4K, FF F B CyclinD1. PCNA% & &k K-F,
LINC00963¥2%) 7845 miR-1224-5p, F#.miR-1224-5p T i# 5545 %] LINC00963 & ik % $UAR 5 4 .38 74
FaA B G F7e . LINC00963:8 i $2.18) 47 4] miR-1224-5p38 An FUARJE 4 i A0S SR M | S35
e g ah .
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Molecular Mechanism of LINC00963 Targeting miR-1224-5p Regulating
Proliferation and Radiosensitivity of Breast Cancer Cells

ZHANG Yan*, WU Jian, YAO Xinmin, XU Zhangbo
(Breast and Thyroid Surgery of Chengdu Third People’s Hospital, Chengdu 610031, China)

Abstract This study investigates the molecular mechanisms of LINC00963 targeting miR-1224-5p regu-
lating proliferation and radiosensitivity of breast cancer cells. qRT-PCR was used to detect the relative expression
of LINC00963 and miR-1224-5p in breast epithelial cells MCF-10A and breast cancer cells (MDA-MB-231, MDA-
MB-468, MCF-7). Divide MDA-MB-231 cells into si-NC group (transfected with si-NC), si-LINC00963 group
(transfected with si-LINC00963), miR-NC group (transfected with miR-NC), miR-1224-5p group (transfected
with miR-1224-5p), si-LINC00963-+anti-miR-NC group (co-transfected with si-LINC00963 and anti-miR-NC), si-
LINC00963+anti-miR-1224-5p group (co-transfected with si-LINC00963 and anti-miR-1224-5p). The expression
of LINC00963 and miR-1224-5p was detected by qRT-PCR assay. CyclinD1 and PCNA protein levels were as-

sessed by Western blot assay. Cell proliferation was measured using MTT assay. Cell radiosensitivity was detected
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by cloning assay. The targeting relationship between LINC00963 and miR-1224-5p was confirmed using a dual

luciferase reporter experiment. In breast cancer cells, the relative expression of LINC00963 was significantly in-

creased, and the relative expression of miR-1224-5p was significantly reduced. Inhibition of LINC00963 and over-

expression of miR-1224-5p reduced breast cancer cell proliferation activity and cell survival score, and down-regu-
late CyclinD1, PCNA protein expression. miR-1224-5p acted as a target of LINC00963. Interference miR-1224-5p
reversed the effects of LINC00963 knockdown on breast cancer cell proliferation and radiosensitivity. LINC00963

might improve breast cancer cell radiosensitivity and suppress cell proliferation by targeting miR-1224-5p.
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A: LINCO09637E LR 41 i o (1) 3835 B: miR-1224-5p7EFL @A (1A . *P<0.05, 5MCF-10A4 b4
A: LINC00963 expression in breast cancer cells; B: miR-1224-5p expression in breast cancer cells. *P<0.05 compared with MCF-10A group.
El1 LINC00963F1miR-1224-5p7E FLARE MR b A0 R iX
Fig.1 LINC00963 and miR-1224-5p expression in breast cancer cells

#1 LINC00963F1miR-1224-5p7E 3| bR 2 40 At - B Rk
Table 1 Expression of LINC00963 and miR-1224-5p in breast cancer cells

s LINC00963 miR-1224-5p
Groups

MCEF-10A 1.00+0.08 0.99+0.07
MDA-MB-231 3.17+0.32%* 0.35£0.05%*
MDA-MB-468 2.52+0.28* 0.41+0.04*
MCE-7 2.26+0.20* 0.56+0.06*
F 131.053 238.357

P 0.000 0.000

¥ts; n=9; *P<0.05, 5MCF-10A41 L4
X+s; n=9; *P<0.05 compared with MCF-10A group.

(A) 1.5+ (B) 159 e si-NC
« -= si-LINC00963
X
S < 1.0 1.0+
o5 ‘ *
&% 5
5] 2
e . :
g O (.54 0.54 .//
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si-NC si-LINC00963 24h 48h 72h
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© RO 157 B3 si-LINC00963
RSV
& & g
3
CyclinDI | S—— g 1.07
[=9
5
£
PCNA | S — 20 . T
[= ]

GAPDH | SEE——— 0.
CyclinD1 PCNA

A: si-LINCO0963 55 G BT I B: FHELINC00963 %) L it 4 LS4 B (¥ 2 0; C: CyclinD1. PCNAHR AL, *P<0.05, 5si-NCHLLEL.
A: the transfection efficiency of interfering LINC00963; B: effect of interfering LINC00963 on the proliferation of breast cancer cells; C: CyclinD1,
PCNA protein expression. *P<0.05 compared with si-NC group.
[E2 HMHILINC009633%5A % FL AR 2 4 A 1 5E A 52000
Fig.2 Effect of LINC00963 knockdown on breast cancer cell proliferation
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Table 2 Effect of inhibition of LINC00963 on breast cancer cell proliferation
Y Daso .
LINCO00963 CyclinD1 PCNA
Groups 24 h 48 h 72h
si-NC 1.00+0.07 0.48+0.05 0.85+0.07 1.15+0.11 0.95+0.11 0.994+0.13
si-LINC00963 0.43+0.05* 0.31+0.03* 0.43+0.05* 0.62+0.05* 0.24+0.09* 0.34+0.11*
t 19.878 8.746 14.647 13.159 14.987 11.451
P 0.000 0.000 0.000 0.000 0.000 0.000
Xts; n=9; *P<0.05, 5si-NCZ L% .
X+s; n=9; *P<0.05 compared with si-NC group.
1.000
g
'§ 0.1004
&
= (]
B
£ 0.0103 *
wn
- si-NC $
-o- 5i-LINC00963
0.001 T T T 1
0 2 4 6 8
Radiation dose /Gy

#P<0.05, 5si-NCA L.
*P<0.05 compared with si-NC group.

E3 HIHEILINC009633%34 X 2L AR & 4 pe 1355 47 B A 520

Fig.3 Effect of inhibition of LINC00963 expression on the survival fraction of breast cancer cells

R3 BHZERBSY

Table 3 Click on multi-target model parameters

il

ﬁ Dy /Gy D, /Gy N SF, k SER
Groups

si-NC 2.353 1.627 1.997 0.672 0.425

si-LINC00963 1.497 0.241 1.175 0.301 0.668 1.572

si-NCZHH' Dy Dy SFa(survival fraction at 2 Gy) N
2353, 1.627. 0.672, si-LINC009634H Dy. Dy. SF,
N1.497. 0.247. 0.301, H AU B LE (sensitizing
enhancement ratio, SER) N 1.572(KI3f1%3).
2.4 LINCO00963%E[a) i miR-1224-5pHIFRiA
LINCO00963 1 551 1 & A 5 miR-1224-5p 5.
I RRFS] . 5 miR-NCZA L, miR-1224-
SpZHHWT-LINCO00963 %% ) 2 B i 1 I 3% P IK
(P<0.05), 1Mi miR-1224-5p#1 H MUT-LINC00963%¢ ;
REEE R BB . SpcDNA LR, pcDNA-
LINC00963 41 o miR-1224-5pHH %} % ik 7K 55 2 B%
fK(P<0.05); si-NCA LA, si-LINC0096341 HmiR-
1224-5pH %} Rk KT 225 16 1 (P<0.05) (Kl 4. 5.
K6, FAFIEKS).

2.5 3RIA miR-1224-5pxtFL AR 2 4R REIETE AN
iRt oA

5 miR-NCZHAH EL %, miR-1224-5pZH 3L i Je 41
Ji 1 miR-1224-5pAH X 28 18 7K - i 25 59 i1 (P<0.05),
41 s DAE 2. 3 P (P<0.05), CyclinD1. PCNAZH
FIE KA 53 PR (P<0.05)(K7H13R6) .

It 5 1R 70 B O, A PR AT 0 B 2 PRI
(P<0.05), A miR-NC4 /5T miR-1224-5p2 ; miR-
NC# 4 Dy. Dyv SFoN2.141. 1.736. 0.675, miR-
1224-5p41Dy. Dy« SF2A1.355. 0.604. 0.333, Hirh
JHCE R LG A 1.580( I8 FIZE 7).

2.6 T miR-1224-5piFEEHIHI LINC009633%1A
X L AR JeE 20 S 78 0 RS S B Rk 1 RS2 i
5 si-LINC00963+anti-miR-NC4L EL i , si-
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WT-LINC00963 5" guGCCU-UAGUGUCCUCAu 3’

] EERERREN
miR-1224-5p 3’ geUGGAGGGCUCAGGAGUg 5’

MUT-LINC00963 5" guGGGA-UACUCAGGAGUu 3’
[El4 LINC00963#F 5% &5 SmiR-1224-5Sp ML HEL 551
Fig.4 The sequence of LINC00963 contains a nucleotide sequence complementary to miR-1224-5p
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*P<0.05, HmiR-NCH 4.
*P<0.05 compared with miR-NC group.
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Fig.5 Dual luciferase reporter experiment
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El6 LINC009638#EmiR-1224-5pFRik
Fig.6 LINCO00963 regulates miR-1224-5p expression
T4 WRAFEIRE LN
Table 4 Dual luciferase reporter experiment
Ry
ik WT-LINC00963 MUT-LINC00963
Groups
miR-NC 1.0140.08 0.99+0.08
miR-1224-5p 0.41+0.05* 1.02+0.09
t 19.080 0.747
P 0.000 0.466

Fs; n=9; *P<0.05, 5miR-NCH L4,
X+5; n=9; *P<0.05 compared with miR-NC group.
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%5 LINC00963iF#ZmiR-1224-5pFRiA
Table 5 LINC00963 regulates miR-1224-5p expression

7

Group miR-1224-5p
pcDNA 0.99+0.08
pcDNA-LINC00963 0.39+0.05*
si-NC 1.00+0.06
si-LINC00963 2.58+0.22"
F 519.842

P 0.000

¥ks; n=9; ¥*P<0.05, HpcDNAZL L% *P<0.05, Hsi-NCHL L,
Xts; n=9; *P<0.05 compared with pcDNA group; “P<0.05 compared with si-NC group.

B) 159 o miRNC
= miR-1224-5p

(A)

0.57

Relative miR-1224-5p expression
T
D490

0- - 24 h 48 h 72h
miR-NC miR-1224-5p
» = miR-NC
(©) < Nl 159 B3 miR-1224-5p
SR
=
s
CyclinD] | WEE—— 2
&
5
PCNA | W — £
B 3k
o
&
GAPDH W
0

CyclinD1 PCNA

A: miR-1224-5pid FIE AR A B: 1R IAmiR-1224-5p% LIRS A Ml I 58 152 m0; C: CyclinD1. PCNAZ FAFRIAENL . *P<0.05, 5miR-NC
HEHL.
A: transfection efficiency of overexpressing miR-1224-5p; B: effect of miR-1224-5p overexpression on breast cancer cell proliferation; C: CyclinD1,
PCNA protein expression. *P<0.05 compared with miR-NC group.

E7 FFRiEmiR-1224-5pxf 7L AR R 4 A IE5E A0S0

Fig.7 Effect of overexpression of miR-1224-5p on proliferation of breast cancer cells

6 T FRIAmiR-1224-5px FLARFE A ARIEIE RS
Table 6 Effect of overexpression of miR-1224-5p on proliferation of breast cancer cell

Paxil . Diso .

miR-1224-5p CyclinD1 PCNA
Groups 24 h 48 h 72 h
miR-NC 1.00+0.06 0.46+0.04 0.88+0.08 1.124+0.13 1.02+0.24 0.98+0.18
miR-1224-5p 3.274£0.36* 0.32+0.03* 0.46+0.07* 0.65+0.06* 0.32+0.07* 0.41+0.08*
t 18.659 8.400 11.853 9.848 8.400 8.681
P 0.000 0.000 0.000 0.000 0.000 0.000

Xs; n1=9; ¥*P<0.05, 5miR-NCHL L #z
X+s; n=9; *P<0.05 compared with miR-NC group.
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El8 i FiAmiR-1224-5pxt FLBR = HRETF 75 53 BRI
Fig.8 Effect of overexpression of miR-1224-5p on the survival fraction of breast cancer cells
R BHEZERISY
Table 7 Parameters of the one-click multi-target model

ol
”\ D, /Gy D, /Gy N SF, k SER
Groups
miR-NC 2.141 1.736 2.250 0.675 0.467
miR-1224-5p 1.355 0.604 1.562 0.333 0.738 1.580

LINC00963-+anti-miR-1224-5pZH L i 41 g -F miR-
1224-5pH Xt 1A i 3 FE AR (P<0.05), 41 DA &%
B (P<0.05), CyclinD1. PCNAZE [1%iA/K Tt &
Z 1 IN(P<0.05)(KE9F1ZKS).

i o5 HEL S 57 B 38, 5si-LINC00963-+anti-miR-
NCHI EL#E, si-LINC00963+anti-miR-1224-5p 4 1) 2]
JHLAFE 73 B 25 A (P<0.05). si-LINC00963+anti-
miR-NCHH Dy Dy SF2 41435, 0.471, 0.327, si-
LINC00963+anti-miR-1224-5pZH Dy D, SF241.869.
1.136+ 0.538, HABUR B L 790.768( I 10F1£29) .

3 g

FLIE BT 77 o U IR T R BONT 2, A
—EFERE LR K FL MR B AR IR, (RR e
B B L IUROT #E P MY D LA R
7, IncRNAS [ 07 SUR S I G U, 4l IncRNA
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Fig.9 Interference with miR-1224-5p reversed LINC00963 depletion-mediated effect on breast cancer cell proliferation
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Table 8 Effect of interfering with miR-1224-5p to reverse the inhibition of LINC00963 expression
on breast cancer cell proliferation

I3 . Diso i

miR-1224-5p CyclinD1 PCNA
Groups 24 h 48 h 72 h
si-LINC00963+anti-miR-NC 1.00+0.05 0.29+0.02 0.44+0.04 0.63+0.04 0.25+0.04 0.34+0.06
si-LINC00963+anti-miR-1224-5p 0.42+0.06* 0.39+0.03* 0.61+0.03* 0.80+0.02* 0.89+0.11* 1.03+0.16*
t 22.278 8.321 10.200 11.404 16.404 12.114
P 0.000 0.000 0.000 0.000 0.000 0.000

¥£s; n=9; *P<0.05, 5si-LINC00963-+anti-miR-NCZ L% .
X+s; n=9; *P<0.05 compared with si-LINC00963+anti-miR-NC group.

*P<0.05.

1.0008
0.1004

0.016

Survival fraction
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Fig.10 Interfering with miR-1224-5p expression reverses the effect of inhibiting LINC00963 expression

on the survival fraction of breast cancer cells
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Table 9 Click on multi-target model parameters

I3

D, /Gy D, /Gy N SF, k SER
Groups
si-LINC00963+anti-miR-NC 1.435 0.471 1.389 0.327 0.697
si-LINC00963+anti-miR-1224-5p 1.869 1.136 1.836 0.538 0.535 0.768

Mo An g e . IR AR Z2 P, {H miR-1224-5pXf 3,
O T 4 L %) TR 454 BRI AN B . AT 9 45 SR
Bow, SRR R A0 AR b, SR A HmiR-1224-
SpFIE KPP, i 21K miR-1224-SpF# K AL IR 41 AR
HGEIEPE A A M A7 4> 2L, R CyclinD1. PCNA
BARIEAKT, $id FIA miR-1224-5p il AL
SHARIGYE, JE AN B U . ELAE B
PRI 2B 25 5256 7, LINC00963 A #EL a] i/
5 miR-1224-5p. [ i LINC00963 [#£1 miR-1224-5p#H
X} Feik i, ] LINCO0963 1 il miR-1224-5pAHt} Fik
=, YALINC00963 AT #E [A] 41 HilmiR-1224-5p, 32 —2b 5L
Iat R, T4 miR-1224-5pilfi | #1441 LINC00963
212 0T LMt de 200 P B AN O U AR, $oR
LINC00963 R # ] 4111 il miR - 1224-Sp S i L i a3k Jig

gx BRTR , FLNE 40 i LINC00963 i K ik,
miR-1224-5p &%, ##H LINC00963 1] A 21l #L
I L L, v 7L s 0 PR U, A )
FlmiR-1224-5p.
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