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JEZRME %S Y LINCO1006 1) i % 3 11 25 3K 2 1 F1 siRNA, 43 51 2R il CCK-8, 5- it % IR W% I 4%
(5-bromo-2-deoxyuridine , BrdU ) 21 Jftd 34 FE{ 46 175 & Transwell 42285255 | 37t =20 MO AAS U 20 ff 175 ) 14
P RZE MR TR W ARAE o A AR E B 2 B B0 LINCO1006 [ $EJE PR, X2 6 2R il 4l & 2L 8 43
B U 0 0 235 5 5 A P Ao 2% 3K AN A AIG LINCO1006 J5 miR-148a-3p K H: L J5 PA) rp IR )23 (] 50 4 366
(mesoderm homoobox2, MEOX2) F ik 7K V-1 454k, B 5 , 73 i FE BR SRR T 1 S e G Jit s B 25 2 44K il
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LINCO01006 inhibits proliferation and invasion and promotes apoptosis of nephroblastoma

cells by down-regulating miR-148a-3p to block MEOX2/PI3K/Akt pathway
ZHAO Ting, LIU Ansheng, WANG Hua, FU Qiang Department of Hematology, Xi’ an Children’ s Hospital ,
Xi’ an, Shaanxi Province, 710003, China

[ Abstract | Objective To investigate the role of long noncoding RNA LINCO1006 in regulating the
proliferation, invasion and apoptosis of nephroblastoma cells and explore the molecular mechanism. Methods We
detected the expression of LINCO1006 in nephroblastoma tissues and cell lines using real-time quantitative
PCR (RT-qPCR). We subsequently tested the effects of transfection with an adenovirus vector for LINC01006
overexpression or a siRNA targeting LINCO1006 on cell viability, proliferation, invasion and apoptosis in
human nephroblastoma cells using cell counting kit-8 ( CCK-8), 5-bromo-2-deoxyuridine ( BrdU) cell

proliferation assay kit, Transwell assay or flow cytometry as appropriate. Bioinformatics analysis was conducted
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to identify the target gene of LINCO1006, and the results were verified by luciferase reporter gene analysis.
The expression of miR-148a-3p and its target gene mesoderm homeobox2 (MEOX2) was detected in human
nephroblastoma cells with overexpression and knockdown of LINCO1006. The tumor cell lines transfected with
an empty adenovirus vector or a LINCO1006-overexpressing vector were injected subcutaneously into nude mice
to establish mouse models bearing transplanted nephroblastoma, in which the tumor growth dynamics were
observed. The expression levels of LINCO1006, miR-148a-3p, MEOX2, phosphorylated-phosphatidylinositol-
3 kinase ( p-PI3K), and phosphorylated-protein kinase B ( p-PKB/p-Akt) were examined in the tumor
tissues. Results The nephroblastoma tissues and cell lines expressed significantly lower level of LINCO1006
than normal tissues and control cell lines ( P<0.01). LINCO1006 over-expression significantly inhibited the
viability (P<0.01) , proliferation (P<0.01) and invasion (166.00+13.75 vs 103.00+9. 24, P<0.05) and
promoted apoptosis (11.30+0. 24 vs 37.25+1. 57, P<0.01) of nephroblastoma cells in vitro. Luciferase
reporter gene analysis confirmed that LINCO1006 bound directly to miR-148a-3p, which targets MEOX2 gene.
Overexpression of LINCO1006 obviously inhibited the expression of miR-148a-3p (1. 07+0. 02 vs 0. 32+0. 03,
P<0.01), while inhibiting miR-148a-3p promoted the expression of MEOX2 (P<0.01) and inhibited the
activation of the PI3K/Akt signaling pathway (P<0.05). Compared with the cells transfected with pcDNA-
LINCO1006, the cells co-transfected with LINCO1006 and miR-148a-3p exhibited a lowered expression of
MEOX2 (P<0.01) with enhanced activity of PI3K/Akt signaling pathway ( P<0.01) , significantly increased
cell viability, proliferation and invasion ( P<0.01) , and decreased cell apoptosis ( P<0.01). Overexpression
of LINCO1006 in the tumor cells significantly inhibited the growth of the transplanted tumors in nude mice ( P<
0.01). Conclusion LINCO1006 can directly interact with miR-148a-3p to down-regulate the expression of
the latter, thus blocking the activity of MEOX2/PI3K/ Akt pathway to inhibit the proliferation and invasion and
promote apoptosis of nephroblastoma cells.

nephroblastoma; LINCO1006; miR-148a-3p; MEOX2/PI3K/ Akt pathway ; proliferation

and invasion; apoptosis
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TACCCATGGAACACCCCCTCTTTGGC-3' K 5| ¥y, ¥ 14
135 MEOX2 J Bz, 4 H sw e 3] pcDNA3. 1 440y gk
PR TR, TR B, 15 A 3k AR AE X B, miR-148a-3p
LINCO1006 1 MEOX2 ] siRNA J% [ ¢4 % B phy 2 ]
VO A W BRI e Bl T RS F: 4, FR s T R
70% M , #2 3 Lipofectamine 2000 %% 447 156 B 5 117
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1.2.2  RNA # I} RT-qPCR ¥ie BB B, A
TRIzol 271 45 B A1 2L sl 20 Jfd 19 5 RNA il RNA ¥
B I 7 6 PR AR cDNA K HLAE Sl R AR 9E 4T RT-
qPCR, T R 4/ 11 F:95 C 1 min; 94 °C 15 5,54 C
30 5,72 C 20 s, 3t 35 MEFR . 4334 U6 fil GAPDH
VER TR B 25 SR A 2722 ek T8, 519
FEHIILEE 1,

1.2.3  CCK-8 yLAkgimgnffigite ¥y« 48 h j5, 1M
AR 2x10°/mL #/0F 96 fLA, T 1375 24,
48 .72 h /3 HMA 15 wL CCK-8 ¥, 1%/ 4 h Z J5 5%
FEFRW, BEALIN 150 WL DMSO 725 15 min, BgA {300
FE 450 nm PERALPRHEHEE] D(450) ],
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A0/ FLAE AP T 96 FLAR, T 4% e kL B 77 24 .48
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24 h, R b I ER A T %) 20 1L, K A0 T
WA 8 J L 45 h R 0 7 AR T AT AR A28
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WT/MUT, K753 B S 2R 3515 miR-148a-3p £
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HEK-293T Zfififl, 48 h Z J52&f# 400, AR , 3810 X
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1.2. 8 RNA Pull-down 5% 5 HAEYEFRICH
miR-148a-3p # 4t HEK-293T 4 /ife,48 h J5 ¥ 41 ifn 2L %
W EHEEMRAREER 4 CIFE 3 he FOVEARIET
J& , Vel RNA-RNA 52 547, %F RNA $& B0 k47 55 5
£ RT-qPCR £l

&1 RT-gPCR3|MFINERRKE

FEH EUF519 (5 =3") NELACERED) S BUKE/bp
LINC01006 TTTGTGGTGGTGAAGACGTG TCCTCAAGAATAAGGAACATAGG 120
miR-148a-3p TCAGTGCACTACAGAACTTTGT GCTGTCAACGATACGCTACGT 74
MEOX2 TCTGGGACCACCTTCTTTTG CCACCACCCTCTGTCACTTT 219
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT 94
GAPDH ACCCACTCCTCCACCTTTGAC TGTTGCTGTAGCCAAATTCGTT 100
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F3k LINCO1006 2 J5 , miR-148a-3p [{AH T #ik & T
K& T 48 LINCO1006 2 J5 , miR-148a-3p [ 4%} 3215
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E 205 F

A LINCO1006 it & ik 5 F#HaE 69 %2 ;B LINCO1006 #3552 I 95 4m L % 64 %5 vf1 ; C . LINCO1006 4 'B--5k 4m AL 5% 4m L3 74
#9%vf;D: LINCO1006 %t '5-£F 2 i 93 4a fuA2 % 69 % v ; E F: LINCO1006 s+ 'B-#F 20 JeJg e o T80 % 5 43t & % 1:Ad-NC
28 ;2 Ad-LINCO1006 #8;3:NC siRNA £ ;4.si-LINC01006 28 a:P<0.01,b:P<0. 05,5 Ad-NC £11b45;c: P<0.01,d:P<0.05,5
NC siRNA 48 bk %5

2 LINC01006 X 'S5 40 f g A R i 5 B 2 Ak T RIA T M

LINCO1006 : &' UUAAGGAUCACAGCCC'ile?tlAchIJcl';C 3 LINCO1006-WT : &' UUAAGGAUCACAGCCCUGCACUGC 3
miR-148a-3p: 3 UGUUUCAAGACAUCACGUGACUS5' A LINCO1006-MUT: 5' UUAAGGAUCACAGCCCUGCCCCGC 3' B
1.5+ 8- 37
b ﬁ
‘ &
_'lj'— 1.0 1 {HE 6 .’D"? 24
S = £
= oS =
= © 2
& g M o
e = 5
2 051 ; 2 19
=y 2
=}
0- 0- 0- i s
LINCO1006-WT + + - - . 9 R NN
LINCOI006-MUT - -  +  + W (o R oo RO S
NC-mimic + - + - 5o > ‘\\)\$ $(’ } \)\$b
miR-148a-3p mimic - + - + C Q\-o\’e”“\ D B &

A:LINCO1006 5 miR-148a-3p %444 X 33, ; B: LINC01006 & 7] % 15 miR-148a-3p 45469 5 A A (WT) 55| & £ % A (MUT) &
75 C o 3 K F IR 2 A ) 2 34 M) 38 kB 5t 49 4L ;D RNA Pull-down 52 %% — 3 354 LINC01006 5 miR-148a-3p # 3%
%54~ E.LINCO1006 *+ miR-148a-3p % ik t9%vh a:P<0.01,5 NC-mimic 28345 ;b: P<0. 001,55 Probe-NC #1345 ;¢ P<0. 01,
5 Ad-NC 48 3t45;d: P<0. 01,5 NC siRNA 28145

E 3 LINC01006 5 miR-148a-3p £ &

2.4 MEOX2 % miR-148a-3p #9323k K MEOX2 3' -UTR: &' ..‘GUGUUUGCUUUUGCULllc[-SCl)Pl\(leJG‘A.‘.
A E B A M TR 5 3] MEOX2 & miR- miR-148a-3p:  3' ..UGUUUCAAGACAUCACGUGACU...
148a-3p MY HEFE A, miR-148a-3p 5 MEOX2 3'-UTR H. MEOX2 3'-UTRWT  5' ..GUGUUUGCUUUUGCUUGCACUGA

%i\}“%‘ﬁu Z—m‘F‘ MEOX2 3'-UTR-MUT  §' ...GUGUUUGCUUUUGCUUAAAAUGA
o
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F(P<0.01,[& 4C.D),
2.5 MEOX2 £ B4 % fe 7% F ¥4 PI3K/Akt 43 5 i@
BB 5T
SK-NEP-1 4 Jifl & %% gt MEOX2 #f 3% ik #K 14 5%
si-RNA 48 h 2 J5 38 13 Western blot £ ] /& FH %k 5~
(B 5A) o 3 AA I 3k 2238 F T4 MEOX2 Z J5 4l fitd
MG ) G R B A TR ), A5 R B ad Rk
MEOX2 a] DIl £ 20 B Jed 40 M i) 35 ) 14 5 F 42 28
(P<0.01, ¥ 5B~D) a4l (P<0.01, ¥ 5E),
Western blot Kyl 25 5 il 7R , i F ik MEOX2 ] D411 il
PI3K/ Akt il & A 15 P , 3 p-PI3K 1 p-Akt 25 R34
B EFER(P<0. 01, & 5F),
2.6 LINCO1006 i@ it 55 miR-148a-3p 48 & 4 J 4T
Bt MEOX2 &9 £ A 3 f #74) PI3K/ Akt 13 5 i@ %
89 7 M, IR BB da R dm R 6 S A Ao A A R
ECisa)
i #eik LINCO1006 o] DLAE #F MEOX2 fY 4k, It

[ %% 4 miR-148a-3p mimic 2 Ji5 A AJ# 55 H AL FE4F
(K 6A), [F K H, miR-148a-3p mimic 7] L) J§ 55
LINCO1006 x PI3K/ Akt {5 53 B 1 P4 , X 241 Ja 3% 77
W FE RN 22 B 7 4 A DL B AR 240 MO T 4
(P<0.01, B 6B~F), LI &5, LINCO1006 j#
i 5E 4 & miR-148a-3p, J# 55 miR-148a-3p X} #E 3k
MEOX2 iy 410 il £ FH, DA AR i JH 3R 3k, 3 5 X
PI3K/ Akt {5553 B 1 B4 il 4 1, 2 o 40 ) 5 B 4
I8 240 B R BB RN 28 e T, AR R A T
2.7 LINCO1006 #t#p4)4% S AR A BAHLIE 09 £ K

PR B A i G i s B 25 AR FI LINCO1006 i 95
FEL FE IR AR SK-NEP-1 20 Jfl J5 , 28 7 5 1 20 9%
R T RO A IREAR AL o W g AR FR AT LA & B Control 41
5 Vector 415 tH I8 A B W 25 38 K, W& 2 R o4t
248 Y5 Ad-LINCO1006 2H 98 14 & 1 725 4k f /) (P <
0.01, B 7A) . AbAE/NERZ )5, I 4 HOJR ot o & R
Ad-LINCO1006 4119 i & f% % (P<0. 01, [¥] 7B), RT-
qPCR }% Western blot £ il 2% 2 i /R Ad-LINC0O1006 2
W -BJ 20 a3 2H 28 b LINCO1006 . MEOX2 235 |,
miR-148a-3p .p-PI3K . p-Akt ) F 3K T ¥ (P<0. 01,
Kl 7C~F),



http ://aammt. tmmu. edu. cn B SRR ,2020,42(12) 1231

6 A = Vector 21 = MEOX2 2
37 = NCsiRNA 4] == MEOX2-siRNA 2§
X) d
K44 =
1 2 3 4 o 2 21
B &
MEOX2(34x10°)— we S_-— S S o
S 24 R 1
= W
= =
GAPDH(36x10°)—> i - S — c = N
0 - T T 1
1 2 3 4 0 24 48 72
A 4159 B I i) /h C
4001
-o- Vector 41 = MEOX2 4 |
2.57-NCsiRNA 4] -+ MEOX2-siRNA £ 100 :
= - C :
2 2.0 ?
= 157 ;{i 2001
i b =
1.0 = b
2 51001
= 0.51
\}EE\[ B
04 T T " 0-
0 24 48 72 1 2 3 4
] /h D 215 E
50 -
Vector 41 MEOX2 41 NC siRNA 41 MEOX2-siRNA 41
10%5 T 10%+ 10* 104; 40 a
! ‘ =
10 10° 5 103! D
| Lo | | 10 | = 30-
! ] R )
PI| 10°] 10° 10° 107 =
] i 1‘ é 20 A
1] 1] | . -
10? v 10" 10! 1013 ¢ =
10° 10" 10® 10° 10*  10° 10' 10° 10° 10*  10° 10' 10 10° 10° 10° 10' 10> 10° 10° <
Annexin V-FITC 0- 1 2 3 4
F 31 G
1 2 3 4 3 Vector 41 MEOX2 41
N e 4
PIK(85x10°)—> «is S S S— EE NCsiRNA 41 Il MEOX2 isi\IA 2]
54 d «
p-PI3K(85x10%)— s - o
il
x|
AKI(60x10°)— - — ﬁ 31
=<
£ 24
P-AKL(60x10°)— N S - — pa
I
GAPDH(36x10°)— S SN S s 04 1 9
H p-PI3K/PI3K p-Akt/Akt |

A:MEOX2 i &k 5 F#RAR 6% % 5 %31 45 R B~ G:MEOX2 xF B & tm he i tm 7% /) F§ 78 A2 & Fe A 69 %A ;H~1: Western
blot #&i p-PI3K #= p-Akt G & kX 5 F T F 54 1:Vector;2; MEOX2;3: NC siRNA;4: MEOX2-siRNA;a;: P<0.01,b: P<
0.05,5 Vector 2B }b% ;¢:P<0.05,d:P<0. 01,5 NC siRNA 28 pbix

5 MEOX2 xt 5 &40 MAa+ PI3K/Akt {5518 B8 2500



1232

http : //aammt. tmmu. edu. cn

o = FER R AR 2EH],2020,42(12)

MEOX2(34x10°)— W S-S s

GAPDH(36x10%)— W S - a—

1

2

3

1 2 3 4

PIZK(85x10°)— - s . s—

p-PI3K(85x107)— s -
4 AKL(60X10%)— S — — -
p-Akt(60X10°)—> —

GAPDH(36x10%)— " S S S

5= 151 1 Vector 41 pcDNA-LINC01006 2H
) E= pcDNA-LINCO1006+NC-mimic £
4 H pcDNA-LINCO1006+miR-148a-3p mimic 21
" a
%? =
Ko <
e &«
9] b =S
2 E
= .
= 1A g
0-
1 2 3 4 A p-PI3K/PI3K p-Akt/Akt B
251
- Vector 41 “* pcDNA-LINCO1006 4 - Vector 2 * pcDNA-LINC01006 £
-+ pcDNA-LINCO1006+NC-mimic 41 =+ pcDNA-LINCO1006+NC-mimic 4 2507
-+ pcDNA-LINCO1006+miR-148a-3p mimic £ -+ pcDNA-LINCO1006+miR-148a-3p mimic £ |
)
2.57 2.0- 2004
= = =
R 2.01 ab 2 1.5 ab A 1501
I s & ™
2 1.51 = =
b= = 101 1001
R n = 1.0 ab E:IIE:\
= 0.54 =2 (.54 504 a
= Y j==4
S Ny
0 0 . " ' 0-
0 24 48 72 0 24 48 72 1 2 3 4 1
B 6]/ C B )/ D 415 E
50 1
pcDNA-LINCO1006+  pcDNA-LINCO1006+
Vector 41 pcDNA-LINCO1006 41 NC-mimic 2 miR-148a-3p mimic £ 40 a
10* 10*; T 10* T 10%; X
| ey
10° 10° 10° 10° 5 301
pI| 10° 107 10° 1074 E 204
1 1 V 1 j\ Eﬁ':
10 10 10' 10 i = 104 b
0 | 0] 0 0l
10° 10" 10> 10° 10* 10° 10' 10*> 10° 10* 10° 10' 10* 10° 10* 10° 10" 10* 10°* 10* 0-
Annexin V-FITC (el
nnexin 451 P

A Western blot #-# MEOX2 #5 % 1% ; B: Western blot # | p-PI3K #= p-Akt & & &) & i%;C~F;

Transwell 13 % 5235 Annexinv/Pl 3 &,k 45 R\ M m i iE /1 M 12 Z B T e T 4L
2033 . pcDNA-LINC01006+NC-mimic #8 ;4 ; pcDNA-LINCO1006+miR-148a-3p mimic £ ; a:P<0.01,% Vector 2L}t ;b.P<0.01, 5

pcDNA-LINCO1006+NC-mimic 48}t 4%

4 %) A4 CCK-8 %, BrdU %
1: Vector 48 ;2: pcDNA-LINCO1006

E 6 LINC01006 5 miR-148a-3p 18 E {E FiE it MEOX2/PI3K/Akt &2 200 'S 40l pE 1L S EZMAT



http ://aammt. tmmu. edu. cn B SRR ,2020,42(12) 1233

, 1.5- 6 : L5
- =& Control 2 a .
1500 -#- Vector 4 -K-) Hf,’%
-+ Ad-LINCO1006 41 ® Z .,
- 5 | 2 = 1.0
\§ 10001 Jﬂ\gﬂc b % ! 2
& = ° A
= = g @
B 5001 = 0.5 g 2 2',2 0.5
= o O : a
E =
— g
0 ¥ T T 1 04 04 0-
1 2 3 4 1 2 3 12 3 2 3
T4t SK-NEP-1 J& JE %L A 25 B 25 C 25 D
57 A 1.5 =3 Control 2H EA Vector 4
12 3 1 = Ad-LINCO1006 41
jé) 41 PIZK(85x107)— e s— s—
L, s g{ 3 p-PI3K(85x10°)— s s %
= % %
MEOX2(34x10°)— e i S AKL(60x107)—> ———— %
= 1 p-AKL(60X10°)— e s % ‘
GAPDH(36x10°)— i S — %
0- L GAPDH(36x10°)—> s s— s— | // |
21151 E p-PBBK/PI3K  p-Akt/Akt F

A B LA R B B A B AL AR AR T AL B BeAP B 28 RARR B2 ;C~F: RT-qPCR & Western blot #- #% #%% 28 27 % LINC01006 ,
miR-148a-3p MEOX2 ,p-PI3K #= p-Akt #§ & & 1;Control 28 ;2; Vector 28 ;3:Ad-LINCO1006 28 ; a:P<0.01,%5 Vector £H}b3%

B 7 LINCO1006 ) HI#R Rk M AR £ K

3 e

I 200 9 R SR 4 LA B 2R B e AL B S e
o, B AR SRR YT T R BN W e, A AR R
B EXZ HE AT 8 KT AR T B BIF S B v
LA R, R IR B A SR e ), 4R ST AT N
YRS KRR F BRI . LncRNAs 7645 Fft 4= fir
W Sl P P A A, 091 07 4 S L 14
T AR P R E R . i lineRNA 78
DR K PR SR Y PR A T, R AR AT S N
Z I W] LINCO1006 5 A8 AR 5, JEAT LA
B 3 8 A O, o i ( BMIL) A % 0 5
LINCO1006 5834 %8 (0A) Z A B R . AW
2B LINCO1006 7 [ i 41 £ VRN 40 i vpr 2 3 B,
] A3 i3 miR-2682-5p/HOXBS Hll i #F i i 957 240t £
WEE AR A BT R W] LINCO1006 7 B 8 41
YURNZH L 2 2 IR, LR KO S 40 i (o7
FiRE I /N 1, SR T, LINCO1006 76 £ 41 il I
I SHRER ST D . ABF SR 1 B 200 B 4121
20 25 th LINCO1006 f4 323k, =2 J5 3o ¢ 35 il # A%
LINCO1006, 6 Il 41 it 334 58 | 12 2% S 4 T BE 1 i 28 4k,
25 9L 7R LINCO1006 7 BB 240 LR vh 3235 F R, 1 22
i LINCO1006 AT L4 74 15 -+ 200 988 200 134 38 2 142

22 e T

FFEUERH IncRNAs AJ4E ) miRNAs (1) 5345 ”
RYEVER PR & A S JB . miRNAs & —Fh
PITEPEAE S RNA KB Ry 18 ~25 MR, HAEHw
FEAAE P R PR T A . miRNAs A DL7E RS 3
ISP 17 00 5 DR i 2k, e 1) 9 366 R sl o s 35 A1 440 1
FY S FRATE A A5 B2 40 & B, LINCO1006
H i 4075 miR-148a-3p By 45 & 45, miR-148a-3p 1] A
TR ) MEOX2 , B 5 3 11 XU5¢ ' 28 4R 3k PR S 56
#1 RNA Pull-down SZEG XN &5 R 64T T 88Uk, 38 o
DI SE & I AEAS [A] 1 [ 25 8 rfr , miR-148 7] DU
SR SN AT DAVE R e 0 7 R A EAE . E R
B ERIR A e (ESCC) 4, miR-148 /91 5 A 47
W S A G, B IR (EAC) hE & B
miR-148 FiHZ 5, & A A B 46 58 , R W miR-
148 £ EAC 1 ESCC Hrishesi R . A HFFE 2B
miR-148a 75 U 5598 40 i ik o 2 35 °F 9, 1 3K miR-
148a A[ L)W S5 40 4 4 P s 50 . miR-148 7 5 9 o
WRAFIEIE R . B BF9E % W] miR-148a 7E T
Yl fdes (HCC) AR Mk IR 41 i 92 (LSCC) 4141
Fik BT miR-148a 765 R LR LU £k B
N, AT AR #E PI3K 5538 B 03800 1 & 4402 i
B, 5 Ah, miR-148a (i 15 220k T LA ki 1



1234 S = HER R, 2020,42(12)

http : //aammt. tmmu. edu. cn

2R SRR A B B 2R K AR TR R Y FRA17E
BFREAN 9 20 R & B % ik LINCO1006 1 i Ik
miR-148a-3p Hfig i Z 42 5 MEOX2 B3Rk, NI
FEH] LINCO1006 3 33/ &7 miR-148a-3p [4“ /> T 45"
i MEOX2 B3k,

A5 R MEOX2 78 Z B g vh & 5 8 2 4E
P, el > g O R g T A 2 R AE
WP FEEEAE F . MEOX2 w] L3 52 #00 i) i 3 A RSN
Wt {5 5 38 5% (14 3835 40 5 B B 20 M 0 & R
MEOX2 ] LB 75 2 it J1 399, 375 5 400 00 T, 400 1 45
JELFEL g 195 40 Bl ( PVAC) A 384 58, 34 AT DL i ERK1/2
T AKtL/2 553 B (0 3005 Y . MEOX2 75 I 9 25 41
W B KPR T 1 F A1 40, AT DLGE i 7 il PI3K/
Akt AR 40 M 35 P S AR JE T . PIBK 2R
DR R B R Sk N R (s By colas - AL DA 1Y) hib)
BAFEA ML o Ak S0 N B AR R, 3 5 R 0 40 i S
AR R s 0 Akt B3 AL AT LA ) 20 M 7, 1
AR . PISK/ Akt 55 2 5 U8 T ML 1Y
PO AR & A AR, AR R AR AR P AR A Y
AR IR SR IO 45 R 2 RO R )
FHES AR WRSE & B MEOX2 A L4 PI3K/ Akt
B B )35 P T 0 7 0 R 2 P ) 4 B £
B T a1 O S I N NS R S U RSB
LINCO1006 fEHIHI AL 194 1K

AHF5E % BL LINCO1006 75 ' 1 40 it 983 41 21 J% 4
frp 2 A% ik, 123k LINCO1006 T LI 5 £ 46
L9 00 Ly 348 B A 2%, (i R A B R T AR R BIL R AT
AEE LINCO1006 3@ 13 5 miR-148a-3p FEAE AR ok
MEOX2 {23k , i BT PI3K/ Ake 3 4 (47 18 , 346
R0 95 4 80 B (2 , R 0 o, s
B K

SE k-

[1] VERSCHUUR A C, VUJANIC G M, VAN TINTEREN H,
et al. Stromal and epithelial predominant Wilms tumours have
an excellent outcome: The SIOP 93 01 experience[ J]. Pedi-
atr Blood Cancer, 2010, 55(2) . 233-238. DOI. 10. 1002/
pbe. 22496.

[2] GUTSCHNER T, DIEDERICHS S. The hallmarks of cancer:
a long non-coding RNA point of view[ J]. RNA Biol, 2012,
9(6): 703-719. DOI. 10.4161/rna. 20481.

[3] LIUY F, YAU M S, YERGES-ARMSTRONG L M, et al.
Genetic determinants of radiographic knee osteoarthritis in Af-
rican Americans[ J]. J Rheumatol, 2017, 44 (11) . 1652-
1658. DOI: 10. 3899/ jrheum. 161488.

[4] ZHU X Q, CHEN F, SHAO Y F, et al. Long intergenic non-

protein coding RNA 1006 used as a potential novel biomarker
of gastric cancer[ J]. Cancer Biomark, 2017, 21(1); 73—
80. DOI; 10.3233/CBM-170273.

[5] ISRAELS T, PIDINI D, BORGSTEIN E, et al. Survival of
children with a wilms tumor in Blantyre, Malawi[ J]. Pediatr
Hematol Oncol, 2018, 35(3) . 196-202. DOI. 10. 1080/
08880018. 2018. 1498564.

[6] VUJANIC G M, D’ HOOGHE E, POPOV S D, et al. The
effect of preoperative chemotherapy on histological subtyping
and staging of Wilms tumors; The United Kingdom Children’ s
Cancer Study Group ( UKCCSG ) Wilms tumor trial 3
(UKW3) experience [ J]. Pediatr Blood Cancer, 2019, 66
(3): €27549. DOI. 10. 1002/ pbc. 27549.

[7] PONTING C P, OLIVER P L, REIK W. Evolution and func-
tions of long noncoding RNAs [ J]. Cell, 2009, 136 (4):
629-641. DOI: 10. 1016/]. cell. 2009. 02. 006.

[8] QUINN JJ, CHANG H Y. Unique features of long non-cod-
ing RNA biogenesis and function[ J]. Nat Rev Genet, 2016,
17(1) : 47-62. DOI. 10. 1038/nrg. 2015. 10.

[9] WUY L, WANG W J, JIANG W J, et al. An investigation
of obesity susceptibility genes in Northern Han Chinese by tar-
geted resequencing [ J]. Medicine ( Baltimore), 2017, 96
(7). e6117. DOI: 10. 1097/MD. 0000000000006117.

[10] ZHANG L Y, WANG Y J, ZHANG L, et al. LINC01006
promotes cell proliferation and metastasis in pancreatic canc-
er via miR-2682-5p/HOXB8 Axis [ J]. Cancer Cell Int,
2019, 19: 320. DOI: 10. 1186/s12935-019-1036-2.

[11] TAY Y, RINN J, PANDOLFI P P. The multilayered com-
plexity of Cerna crosstalk and competition [ J ]. Nature,
2014, 505 ( 7483 ). 344 - 352. DOI. 10. 1038/na-
ture12986.

[12] HA M J, KIM V N. Regulation of microRNA biogenesis
[J]. Nat Rev Mol Cell Biol, 2014, 15(8). 509 -524.
DOI: 10. 1038/nrm3838.

[13] BARTEL D P. MicroRNAs: target recognition and regulatory
functions[ J]. Cell, 2009, 136(2) . 215-233. DOI. 10.
1016/j. cell. 2009. 01. 002.

[14] HEZOVA R, KOVARIKOVA A, SROVNAL J, et al. Diag-
nostic and prognostic potential of miR-21, miR-29¢, miR-
148 and miR-203 in adenocarcinoma and squamous cell car-
cinoma of esophagus [ J]. Diagn Pathol, 2015, 10 42.
DOI; 10. 1186/s13000-015-0280-6.

[15] ZHOU X, ZHAO F, WANG Z N, et al. Altered expression
of miR-152 and miR-148a in ovarian cancer is related to cell
proliferation[ J ]. Oncol Rep, 2012, 27 (2). 447 -454.
DOT: 10.3892/0r.2011. 1482.

[16] SAKAMOTO N, NAITO Y, OUE N, et al. MicroRNA-148a
is downregulated in gastric cancer, targets MMP7, and indi-

cates tumor invasiveness and poor prognosis [ J ]. Cancer



http ://aammt. tmmu. edu. cn

O SRR A4 4R ,2020,42(12)

1235

[17]

[19]

[20]

[23]

[24]

[25]

[26]

Sci, 2014, 105(2) : 236-243. DOI: 10. 1111/ cas. 12330.
WANG S H, LI X, ZHOU L S, et al. MicroRNA-148a sup-
presses human gastric cancer cell metastasis by reversing ep-
ithelial-to-mesenchymal transition[ J ]. Tumour Biol, 2013,
34(6) : 3705-3712. DOI. 10. 1007/s13277-013-0954-1.
YUBQ, LV X, SU L P, et al. MiR-148a functions as a
tumor suppressor by targeting CCK-BR wia inactivating
STAT3 and akt in human gastric cancer[ J]. PLoS ONE,
2016, 11(8): e0158961. DOI; 10. 1371/journal. pone.
0158961.

HUANG Y S, DALY, YU X F, et al. Microarray analysis of
microRNA expression in hepatocellular carcinoma and non-
tumorous tissues without viral hepatitis[ J ]. J Gastroenterol
Hepatol, 2008, 23(1). 87-94. DOI. 10. 1111/j. 1440-
1746.2007. 05223. x.

BAYRAK O F, GULLUOGLU S, AYDEMIR E, et al. Mi-
croRNA expression profiling reveals the potential function of
microRNA-31 in chordomas|[ J]. J Neurooncol, 2013, 115
(2): 143-151. DOI: 10.1007/s11060-013-1211-6.
WUY, YUJ, MAY N, et al. MiR-148a and miR-375 may
serve as predictive biomarkers for early diagnosis of laryngeal
carcinomal J]. Oncol Lett, 2016, 12(2) . 871-878. DOI.;
10. 3892/0l. 2016. 4707.

ZHANG H, WANG Y, XU T M, et al. Increased expression
of microRNA-148a in osteosarcoma promotes cancer cell
growth by targeting PTEN[ J]. Oncol Lett, 2016, 12(5):
3208-3214. DOI. 10.3892/0l.2016. 5050.

KIM J, ZHANG Y, SKALSKI M, et al. MicroRNA-148a is
a prognostic oncomiR that targets MIG6 and BIM to regulate
EGFR and apoptosis in glioblastoma [ J ]. Cancer Res,
2014, 74 (5): 1541 -1553. DOI. 10. 1158/0008-5472.
CAN-13-1449.

CUI D M, SAJAN P, SHI J L, et al. MiR-148a increases
glioma cell migration and
GADD45A in human gliomas with IDH1 R132H mutations
[J]. Oncotarget, 2017, 8(15) . 25345-25361. DOI. 10.
18632/ oncotarget. 15867.

CAO G, HUANG B, LIU Z, et al. Intronic miR-301 feed-
back regulates its host gene, ska2, in A549 cells by targe-
ting MEOX2 to affect ERK/CREB pathways [ J]. Biochem
Biophys Res Comm, 2010, 396(4) . 978-982. DOI. 10.
1016/j. bbre. 2010. 05. 037.

TIAN L, TAO Z Z, YE H P, et al. Over-expression of
MEOX2 promotes apoptosis through inhibiting the PI3K/ Akt
pathway in laryngeal cancer cells[ J]. Neoplasma, 2018, 65
(5): 745-752. DOI: 10.4149/neo_2018_171218N824.

invasion by downregulating

(27]

(28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

OHSHIMA J, HARUTA M, ARAI Y, et al. Two candidate
tumor suppressor genes, MEOX2 and SOSTDC1, identified
in a 7p21 homozygous deletion region in a Wilms tumor[ J].
Gene Chromosome Cancer, 2009, 48 (12):. 1037 - 1050.
DOT. 10. 1002/ gcc. 20705.
LIU P, KONG F, WANG J, et al. Involvement of IGF-1
and MEOX2 in PI3K/Akt1/2 and ERK1/2 pathways media-
ted proliferation and differentiation of perivascular adipocytes
[J]. Exp Cell Res, 2015, 331(1). 82-96. DOI. 10.
1016/]j. yexcr. 2014. 09. 011.
KWAK D H, LEE J H, KIM D G, et al. Inhibitory effects
of hwangryunhaedok-Tang in 3T3-L1 adipogenesis by regula-
tion of rafl/ MEK1/ERK1/2 pathway and PDK1/akt phospho-
rylation[ J]. Evid Based Complement Alternat Med, 2013,
2013 413906. DOI. 10. 1155/2013/413906.
CLEVELAND-DONOVAN K, MAILE L. A, TSIARAS W G,
et al. 1GF-1 activation of the AKT pathway is impaired in
visceral but not subcutaneous preadipocytes from obese sub-
jects[ J]. Endocrinology, 2010, 151 (8): 3752 —3763.
DOI; 10. 1210/en. 2010-0043.
TSUCHIYA A, KANNO T, NISHIZAKI T. PI3 kinase di-
rectly phosphorylates Aktl/2 at Ser473/474 in the insulin
signal transduction pathway[ J]. J Endocrinol, 2014, 220
(1):49-59. DOI. 10. 1530/JOE-13-0172.
CHIAPPINI P B O, DE MEDEIROS 1 U D, LIMA L G C,
et al. Prognostic implications of phosphatidylinositol 3-ki-
nase/ AKT signaling pathway activation in gastric carcinomas
[J]. Arch Med Sci, 2017, 13(6) : 1262-1268. DOI: 10.
5114/aoms. 2016. 60394.
LIU Z, WANG F, ZHOU Z W, et al. Alisertib induces G,/
M arrest, apoptosis, and autophagy via PI3K/Akt/mTOR-
and p38 MAPK-mediated pathways in human glioblastoma
cells[J]. Am J Transl Res, 2017, 9(3) . 845-873.
WANG H, DENG X B, ZHANG J S, et al. Elevated ex-
pression of zinc finger protein 703 promotes cell proliferation
and metastasis through PI3K/AKT/GSK-38 signalling in o-
ral squamous cell carcinoma [ J]. Cell Physiol Biochem,
2017, 44(3) . 920-934. DOI. 10. 1159/000485360.
GARCIA-CARRACEDO D, VILLARONGA M A,
ALVAREZ-TEIJEIRO S, et al. Tmpact of PI3K/AKT/
mTOR pathway activation on the prognosis of patients with
head and neck squamous cell carcinomas[ J]. Oncotarget,
2016, 7(20) ; 29780-29793. DOI. 10. 18632/ oncotarget.
8957.

(Y75 :2019-12-31; &8 .2020-03-13)

(it * &)



