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(GSEA45827) i) 41 (| FLRRIEE L LA 11 {519 55 20 2 I Sy A ) KA o3 A 25 5 36 X, >R gRT-PCR 52
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520 ;R ] Western blot #8: T-#ft LINC00294 j5 AKT/mTOR i #4085 F p-mTOR .mTOR ,p-AKT ,AKT
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LINC00294 promotes proliferation, invasion, and migration of breast cancer cells

via AKT/mTOR/HIF-1a pathway
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University, Chongqing, 400010, China

[ Abstract | Objective To explore the changes in the expression of long non-coding RNA (LncRNA)
LINCO00294 in breast cancer tissues and cells, and investigate its effects and the possible mechanisms on the
biological properties of breast cancer cells. Methods The differentially expressed genes ( DEGs) were
analyzed using transcriptome sequencing data from 41 breast cancer tissues and 11 para-cancerous tissues from
the Gene Expression Omnibus ( GEO) database ( GSE45827). Then qRT-PCR assay was used to measure the
expression of LINC00294 in 20 pairs of breast cancer and para-cancerous tissues from the breast cancer
patients diagnosed in our department, as well as in the normal human breast epithelial MCF-10A cells and the
human breast cancer cell lines MCF-7, K-BR-3 and MDA-MB-231. After MCF-7 cells were transfected with
lentiviral vector of si-LINC to interfere LINC00294 expression, CCK-8 assay was used to detect cell
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proliferation, flow cytometry and Western blotting were employed to measure cell apoptosis and expression of
related proteins, cell scratch assay and Transwell assay were applied to observe cell migration and invasion.
Then, the effect of interference with LINC00294 on tumor growth in nude mice model of in situ subcutaneous
tumorigenesis was observed. The expression of AKT/mTOR pathway-related proteins p-mTOR, mTOR,
p-AKT, AKT, and its downstream target molecule HIF-laa was detected by Western blotting.
Results LncRNA LINC00294 was screened out as a DEG in breast cancer tissues from the GEO database. It
was also highly expressed in breast cancer tissues and MCF-7, SK-BR-3 and MDA-MB-231 cells ( P<0.05).
Interference of LINC00294 resulted in reduced proliferation, enhanced expression of apoptosis-related
proteins, and decreased invasion and migration abilities in MCF-7 cells (P<0. 05). The expression of
LINC00294 was inhibited by HIF-1a interference (P <0.05), and LINC00294 interference decreased the
expression of p-AKT, p-mTOR, mTOR and its downstream target molecule HIF-lo in the AKT/mTOR
signaling pathway ( P<0.05). Conclusion High expression of LINC00294 in breast cancer may affect the
proliferation, invasion, and migration of breast cancer through the AKT/mTOR/HIF-1a signaling pathway,
and LINC00294 may be closely associated with the pathogenesis of breast cancer.
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L1.2 4ufg AFLIME40iErk MCF-7 MDA-MB-231,
SK-BR-3 Fl1E # A FL AR b 52 40 ffd MCF-10A 31 H
ATCC 41} %, dy 7 P = B R 2 A= i B2 0 5% Bt BT
A7

113 2 RPMI 1640 Fi3r%: A1 DMEM £
Fi KM B 25 [E Thermo Scientific /3 7] ; McCoy’ s 5A 5%
FRERG AR LV W B LA BI 24 |], MCF-10A % ]
Brge L B R DU v 3 A A B A PR F 5 si-NC
si-LINC00294 si-NC F11 si-HIF-1o 5 I V6 77 35 %) 25 35
ARA PR F A B 75 Y4357 Lipofectamine ™ 3000 1 [
2£ [ Invitroge 7y H] ; RNA 2B & . Evo M-MLV f
I PR A & 1 SYBR Green I [ ) 15 S ) B A=
Y TRA PR 7] 5 qRT-PCR 52565 | W) B AL U R A=
PRHECA IR ) 5 PR B I i 5 U0 & B F i kT
AR 24520 W) BCA 2 e B 7 1R & B b &R
HFEFHLA PR 7] 5 B-actin (Fe 47T, GB15003 ) Iy H 2%
FEYEIR A WP PR W) 5 B 48 555 -1 (hypoxia
inducible factor-1o, HIF-1a) (%Pt ,382600) \PCNA (g
P, R25294 ) | Bel-2 ( % $it, R23309 ) . Bax ( g $T,
R23569) . cleaved-Caspase-3 ( % 1, R23727) ., mTOR (4
$t, 380411 ) , p-mTOR ( % ¥, 381557 ) . AKT ( % ¥,
382804) .p-AKT( fdi,310021) Wy [ LR IE fig A= ¥ £
ARAERTHALL A IEPL R = hihiik e B bt h iz &
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7 2 e R A B /A 7 Transwell /b5 19 1 3
CORNING A ], 45 i B Qe e B B = KAV
ARA R w5 240 i 3 80 ) & (cell counting kit-8,
CCK-8) Wy B - ifE 38 2= KA WHoARA FR2S 7] s LINC00294
THeAR I B S B B E AC st R E YR A
PR\ ] 3SC-79(HY-18749) Ity H MdChemExpress ;4 ~6 J&
1% ARJTTE 16~ 18 g (1) BALB/c MEVERR BRIl B M~ 3L

s sh YA PR\l o
1.2 ik
L2.1 4iflsse AFLIVEAIEAR MCF-7 8557 T

5 10% 5 4= 1 15 B9 RPMI 1640 3% 37 %t v ; MDA-MB-
231 B53R T8 10% JiG 4= 1L 7 ) DMEM £ 55 k5 SK-
BR-3 il 5% T & 10%i6 4= ML ) McCoy’ s SA 5%
b IEFAFUIR b AN MCF-10A 85 537 T35 34 3%
MCF-10A Ziffs & fisERbirh . e a1 37 °C|
5% CO, WEIRIEFRAE T o
1.2.2 ESIEME 48 CEO AR (hips://
www. nchi. nlm. nih. gov/gds/) T 3% GSE45827 (11 ¥
D vs 41 1 FL IR L) Bdls 46, #I T GEO2R 7E
2k 1. E. (https ://www. ncbi. nlm. nih. gov/geo/geo21/ )
BEAT2ESRATHT, LA adj. P<0. 05, 11ogFC I >1 yhsififii v
SR, M Graph Pad Prism 9. 0 Z2H|#0&
1.2.3  Zufufkye ¥ MCF-7 4008 5% T 6 LR
o PR AIIAE K 2 70% ~ 80% it , 43 Ay 2 4« si-NC £H il
si-LINC 21, % H Lipofectamine 3000 #f si-NC Fil
si-LINC J3 5|56 ¢ 2 MCF-7 4l .
1.2.4 qRT-PCR #&jll LINC00294 [ 31k R AE L
70 G U ] B A I L I i 4 SR 55 2 21 TE R N FL I
b KA s MCF-10A 0 2L B 9 44 ffd MCF-7 . MDA-MB-
231 Fi1 SK-BR-3 19 5 RNA, Jf-Aa ) Hovfe B, LINC00294
EWE5I ¥ 5. 5 -TGTGTTGTCCTCCAGAATCG-3",
W 5 ¥ R 5. 5'-CCAACCAAGAGCCAACAAAG-3';
B-actin #5197 5.5 -ACCCCGTGCTGCTGAC-3',
TS R 51 .5 -TCCCGGCCAGCCAGG-3' 5 J i &4
A:95 C(30s)—[95 C(5s)—60 C(30s),72 C
(30 ) ]%40 A-{EFF, BER L Bractin il %, PE 3 4
AL, LINC00294 [iAfxF ik iR 2722 R,
1.2.5  CCK-8 £ il 241 fitg 1 5 B e e si-NC 2§
si-LINC 24 h J5 1) MCF-7 41 g 45 59 1 45 40 ff 2 %
(3x10* 4~/mL) , A 100 pl/fLERE] 96 fLiRk 541
W 4N E AL, Fraifse 2N EEEiC R 0 h, 435 7E
0.24 48.72 .96 h 1AL M A 10 pL. CCK-8 W 5
RIARS) FEFRAE T EOEIEE 2 h JFIE 450 nm Ab )
S REEL D(450) ] o

1.2.6  wiaCdifu R AT Redk e si-NC

%, si-LINC 1y MCF-7 2 it FH g 5 35 1k 5 91 PBS 3%
3 ¥k,1 000 r/min B> 5 min J5F _E¥, LA Annexin
LEA R T B ANAE, TR 10 pL (Y Annexin V-PE, k#56
WEE 15 min, {5 I 24 M ASCAS I 4 M R

1.2.7 RRAASCmA AT 200 pL /9
Mo X 55 Y4 si-NC 5 si-LINC J5 15 35 2 90% 1) 4% 41
MCF-7 #A7RIIR , PBS YL 2 IKJE A TG IS 5 77 4k
TE AR FHAMEFC 5 0 h QIR o B 40 il [m] 55
FRAARESE 48 h Jg FEUCH 2 G 41 O SR & A 40 e
R PR B i, AR R 2 (T TS5 45 AL A H 48 h (g A
TR,

1.2.8  Transwell il 4 ffd = 28 1 50 WL 5
PR (BT - oM 5 97 3 =1 :8) fiff T Transwell
INEE R R N E R B SR AR S, # & 4 MCF-T
20 F G M R R S B AN B (2. 5%10°4>/mL) ,
B 200 WL 42 b 22 478 9 5 5 S 1Y) Tramswell /N2 | %8
TR EACS00 w5 10% IG4F M35 ) RPMI 1640 1%
FRdk, TR TR . 48 h 5B /hE ] PBS TH Bk
2 i ,4% 22 B L& 5E 25 min, 45 54 20044 25 min J§
FARRZ 2 Ba 400, 76 A T BEPLE IR 3 L8
RO R A i

1.2.9 Western blot | 25 H ik 6 fLA H &FFL
A 100 L 40 it 2 v 5 P U B o B L A% 20 pg
L FE, 7E SDS-PAGE BEfH 150 V {HEH Ik 2 &,
B f5 250 mA fE L AR, T 5% R N 5 %53 28 Tt 4% R 4 1]
1 h,TBST P 3 ¥k ,4 CHFF—Pi( B-actin Fdg 1:1 000,
PCNA f$T 1:5 000, Bel-2 et 1:500, Bax F 3t 1:500,
cleaved-Caspase-3 f 4T 1 :500, p-AKT 44t 1:1 000,
AKT 4375 1:1 000, p-mTOR 44t 1:1 000, mTOR 4t
1:1 000, HIF-1a S2dt 1:500) 15 7% ., TBST PR 3 ¥k,
HEIRBEE bt 1 h (B R0 % 0 103 TeG
1:20 000, BAREFARICILEST/N R IgG 1:20 000) , FFIK
TBST Y 3 Y, fif FH 80 1 5435 €2 80 Tmage
J DU R FEAH

1.2, 10 B 55 A 1 ) i F NCBI %% 4f P2
(https ://www. ncbi. nlm. nih. gov/) 3% H LINC00294 J=
3 7 51, W JASPAR %4 41 & ( hitps://jaspar.
genereg. net/ ) TN AT fE 5 LINC00294 J3 3/ T ¢ 5140 S
LA S SRR

L.2.11 3hscss 4 LINC00294 T 73 M e
Xt B REI e MCF-7 20l , 1557 48 h R INA B B
i EAR e MR AN B . 2 E F% Y TINC00294 144 12 ik
T S G B8 75 (1 MCF-7 4082 1x107 443 5l &
FEAE 200 WL PBS o (i 7158 3] 4~ 6 i BALB/c
WEPERR B L AR AL , X REZH RIS B 2 25 4 Ho R
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SR AN, B IERRIR A2 (R B =K x 58 /2) TH b
ST 4 JRG , AL FE/IN B, ) e, I A e ¢ e
JEi AT, S gE I H A5 8 5 PR RN M 2
TEEBEARTEZE 5L S AL (2023 BHMEHTER 6 45 ) o
1.3 it 45

%M Graph Pad Prism 9. 0 #4740 /0 #r. 114
TR x£s o, FIAEAR B L BRI « K90, 241
PR L8R A7 229387, P<0. 05 3RoR 2 R A Gt 2

2 BB
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SRR/ LINCO0294 7EFL IR RS b 28 BRI (] 1A) .
qRT-PCR A&l 20 i 2L i fi 58 2% 0 9 21 2LV 55 241

FUIELH A

ZUIEH NFLIR b B 20 L MCF-10A 1 7L i o 40 i
MCF-7 SK-BR-3 I MDA-MB-231 1 LINC00294 [ 35
i, 455 R, LINCO0294 75 FLIRSEA 4141 A AU 22 ik
IR TG HZ(P<0.05, & 1B) . A FL IR 40
ffi SK-BR-3 , MCF-7 1 MDA-MB-231 1 LINC00294 [f]
AR 5 1 Y W 8 0 N LR B 40 s MCF-10A
(P<0.05,[5 1C) . Z& R 5A4WE B0 s R —
3, Rt $% LINC00294 47 )5 2258
2.2 Tk LINC00294 st % 3o

Beit 34 i %t LINC00294 fy 41 F Bt si-LINC
(si-LINC00294 ) F1%:58 FHE X A si-NC, #£2 LINC00294
XF L R A0 M A= 2 R M 2 e o si-LING AN
si-NC 735l/%% 4 MCF-7 4 /] 48 h 5, i f] qRT-PCR £
M2 rf LINC00294 f A X e 3A K-, £5 R R, 5
si-NC 21 A Lt , %% ¢ LINC00294 -4k F- Bt J5 MCF-7 4
JfiH LINC00294 113 ik W] 52 B I ( P<0. 05, 8] 2)
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LINC00294 Fi %t
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1 1

1,

si-NC 41 si-LINC 2H
a:P<0.05,%5 si-NC 20 b8

B2 F# LINC00294 3218 4iF

(n=3,x+s)

2.3 T4k LINC00294 #p ) MCF-7 2m fit, 64 3 78 5+ 42 2
R A

CCK-8 ZEHL 7R, 1592 96 h J5, 5 si-NC 41AH L,
si-LINC 2]l MCF-7 4fi jfu 3% 58 fig ) & & F& K (P <0. 05,
EI3A) o Tl AR S5 R IR, 5 si-NC HAH L,
T4t LINC00294 J5 MCF-7 A0 1T-35% 354 hin ( P<0. 05,
€l 3B) ., Western blot k| fl "M R EH A, 5
si-NC Z1AH [t , si-LINC 20 35 5 20 Mo Az 40 Jit PCNA Fi47L
i 1285 F Bel-219 R 3598 /D, TS 1Y Caspase-3 1 fi&

== si-NC 4l

JHT-8E 1 Bax (3R 18N (P<0. 05,14 3C.D), DIk
L5 FW] T4 LINC00294 5 25 1 i MCF-7 21 Jfd 1 134
B, AR iE MCF-7 4R 8T
2.4 4% LINC00294 #p+#h) MCF-7 % f o) it £ #2432

VPRSI 45 3R, i % 48 h )5, 5 si-NC 414
L, si-LINC 41 MCF-7 4Hfd i AHX 12 R85 T R (P<0. 05,
Kl 4A B) . Transwell {2285250 kW], 5 si-NC 4 AHLE,
si-LINC 2] MCF-7 4t 48 h {22 % B ik 2 ( P<0. 05,
K 4C.D) . FH T4 LINC00294 W] L) i & 1 ] MCF-7
A 3RS AR 2B RE T
2.5 F# LINCO0294 Fp) 4k P i 55 64 & K

A A BB LR A R0 56 UF LINC00294 7 1 Py Xif
FLIRIE 40 MCF-7 AR 52, LINC00294 £
TR MCF-7 4 s (sh-LINC) Je %k g i) % B 21
(sh-NC) 3551 J5 57 13 555 3 MEVE#R BRUFL IR AL . 25 2R B
7, 5% RZH (sh-NC) AH L, T4 LINC00294 (sh-LINC ) 25
(%) g (AR ] d s )N ( P<0. 05, [8] SA (C) |, g A= <
JEWNE (P<0. 05, 1] 5B) , iR Ji7 42t B I s 8 ( P<0. 05,
K 5D) . FKHBITH LINCO0294 il ¢4 o4 e i A K

si-NC4L si-LINCZH

D(450)1H

- i-[INC éﬂ =) 3 Q1-UL(0.44%)

Q1-UR(7.83%) © 4 Q1-UL(0.94%) Q1-UR(12.97%)

{Q1-Li{(91.13%)

0 24 48 72 9% Q1-LR(0.60%) arilpitn) | - atIRi.eo%)
i) /h A 100 405 108 107 10¢ 108 109 L ]
GNC 4 G-LINC 41 20— 1 si-NC4] EER si-LINC4]
PCNA(37x10°)— - C— g r
I& 1.5 = a
)
Bcl—2(26x103)ﬂs — ®
E 1.0 =
= : :
Bax(21x10%)— - - {10 = a
| T N 9 0.5 —
cleaved-Caspase-3(17x10*)— - ‘
0
B-actin(42x107)— - PCNA  Bel-2 Bax  cleaved-
- C Caspase-3
=] D

a: P<0.05,% si-NC 2ab 4%
A: CCK-8 #om25 £:B A X mie R4am 2 2 ;C.D: Western blot 4| 25 E B & G A8*F £ 5 5

B3 T LINC00294 #] %] MCF-7 40 R iy 1 5 12 i3k 40 R 1=

(n=3,x%s)
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1000 —e— ,-NC 2
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s00-4 = sh-LINC 41
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£ 600
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=
GRS 200 -
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1000 — 0.6 =
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E 200.4
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2.6 HIF-la 4% LINC00294 #5 £ ik, ¥ % % 4] 7T 4%
A A2 SE R AR AL

i F NCBI k4% 2 4k Bt LINC00294 Ji5 2l 7 41,
Ja 8l F XA A H R As bR A Chrll: 33074150-
33079454, N ffl JASPAR 17 F% 5% IR 7 fi i, & #R
HIF-1a 1 LINC00294 [ )53 5 F 2[RI A7- 76 0l BE M 45 &
i (K 6A) . 1E MCF-7 4 Jifd it Y HIF-1o0 (19 T8
F B si-HIF-1o A0 X IR si-NC, #1] ] Western blot
MR, 45 R BoR, 5 si-NC 2 I, si-HIF-1o 20
1) HIF-1o 85 [ 35 7 2 E PR IR (P<0. 05, & 6B.C) .
qRT-PCR Kl 25 5 555, si-HIF-1a 2 7 LINC00294 [
FHXFFe IR, B8 si-NC 2] 8.3 T [ (P<0.05, & 6D)
FH HIF-1a 7] fEJE# LINC00294 [ 3235, 5 si-NC
ZHAH L, T4 LINC00294 J5 HIF-lo 25 (/K 2T
JH(P<0.05, & 6E F), /5 LINC00294 i, A G 5% 1
HIF-1a BRI , 35 Z 8] ] REAAAE 1IE R AL
2.7 LINC00294 +T 4% i it AKT/mTOR 4% 5 i@ %58 %

HIF-la 89 £ ik

HIF-1oa #2022 L) AKT/mTOR 8 i#% T i
B0 5  Western blot # I T 40 LINC00294 )5 AKT/
mTOR {55 538 A X 1 T IR R 0L, 45 R BUR,
5 si-NC ZHAHE, T-4E LINC00294 J5 MCF-7 Zfijifirf p-AKT
1 p-mTOR & [ 1) # 1k 1 B FEIK (P<0. 05, 18] 7A B) .
TE si-LINC 4 Hohim A AKT 38035 71 SC-79 314 5 5%

Score Relative score Start End Strand Predicted sequence

9.330221 0.9442486771465475 1205 1212 - GCGCGTGC

7.357862 0.8854083814652307 2851 2858 + AGGCGTGA

7.234302 0.8817222860677508 2532 2539 + ATGCGTGA

6.9293833 0.8726258139194055 1637 1644 + GTCCGTGC

55, Western blot £ il & B SC-79 0 DL %% th F F 4k
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