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W OE HEE5EM: KEEIEST RNA (IncRNA) B R K 1 (NEATL) J&—FE0H IncRNA, 7T i i 5% 4+
P P JEPE RNA (ceRNA) LI 28 22 Bl fE E e o 2€ 35 10 1 38 5 TargetScan M35 & B, NEAT1 5 i/
RNA-124-3p (miR-124-3p), DL J miR-124-3p 545268 (A CE (1 (CTNNBL) Z M AF A4S & 7 8 .
M, ARWFFIRVI NEATL, miR-124-3p . CTNNBI1 e[ i 223k, LLRCE AT 22 8] AH B A X FB it gea 4
JitL 2y BE 1) 5% 1)
ik WHEE ZE R A R 56 IF NEAT . miR-124-3p. CTNNBI 19 5E & . A6 I [ Ji o 41 40 % 9 5 21
41 BRI PANC-1 41 i e F 8 BRAR [ F2 H6C7 4 it NEAT1 Fl miR-124-3p (19 ik /K F, L & CTNNBI
FEE R RO . ¥ NEAT1 siRNA 5% YL 5 5 miR-124-3p 3 i 497 [5] if %% 9% PANC-1 240 0, VEAS % e )5
PANC-1 #H i A= ¥y ~# D fE b Bz ) 78 I AR AR DG 2 1 283k LA R A/ BRI 9 A= KR T i 284k
R WO R R FE R 58 IE 5 NEAT] 5 miR-124-3p . miR-124-3p 5 CTNNBI1 Z [H]A£4E #L 1) E 3R o
JBE R IR L (us JESZEY) LS PANC-1 400 (vs. H6CT7 4fH0) ', NEATI 5 CTNNB1 £k T+, miR-
124-3p F A FEAL (3] P<0.05) . %54k NEAT1 siRNA 5, PANC-1 40 i NEAT1, CTNNB1 #&i5FE{K, miR-
124-3p KB E, 107 [A] B 7% e miR-124-3p SR #J5 , PANC-1 418 miR-124-3p 55 CTNNB1 LA % k725 fk
el (¥ P<0.05) . %Y« NEATI siRNA J5, PANC-1 4R35 . T8 SR 7208 I Wk 35, JT-%R
W@ T+, E-cadherin 8 4 %35 EJH, 1 N-cadherin ., vimentin & [ 215 T8, 76/ R 4 A9 A4 K Rk )
WK (3 P<0.05) 5 [AlI 5 ¢ miR-124-3p 31149 PANC-1 40 bR 485 9728 A6 B R85 (19 P<0.05) .
Z548 . NEAT1 Af G838 it ceRNA HLHI 5 miR-124-3p 2 4+ PE 45 A, 1 55 miR-124-3p X} CTNNB1 A9 311 il /5 4,
BT b 38 CTNNBI 23k, 2 3 Jo B dis 4 M 0 3 P AR 024528 o
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Abstract

Key words

Background and Aims: Long noncoding RNA (IncRNA) nuclear-enriched abundant transcript 1
(NEAT1) is an oncogenic IncRNA that promotes the progression of various cancers through the
competing endogenous RNA (ceRNA) mechanism. Using the TargetScan database, we previously
identified binding sites between NEAT1 and microRNA-124-3p (miR-124-3p), as well as between miR-
124-3p and catenin beta-1 (CTNNBI1). Therefore, this study was conducted to investigate the expression
of NEAT1, miR-124-3p, and CTNNBI in pancreatic cancer and their interactions affecting pancreatic
cancer cell functions.

Methods: A dual-luciferase reporter assay was used to validate the relationships among NEAT1, miR-
124-3p, and CTNNBI. The expression levels of NEAT1 and miR-124-3p, as well as CTNNBI protein
expression, were detected in pancreatic cancer tissues and adjacent normal tissues, as well as in
pancreatic cancer PANC-1 cells and normal pancreatic epithelial H6C7 cells. PANC-1 cells were
transfected with NEAT1 siRNA alone or co-transfected with a miR-124-3p inhibitor. After transfection,
changes in PANC-1 cell biological functions, epithelial-mesenchymal transition related protein
expression, and tumor growth ability in mice were assessed.

Results: The dual-luciferase reporter assay confirmed the targeting relationships between NEAT1 and
miR-124-3p, as well as between miR-124-3p and CTNNBI1. NEAT1 and CTNNBI expression levels
were significantly upregulated, while miR-124-3p expression was downregulated in pancreatic cancer
tissues (vs. adjacent tissues) and in PANC-1 cells (vs. H6C7 cells) (all P<0.05). NEAT1 siRNA
transfection led to decreased NEAT1 and CTNNBI1 expression and increased miR-124-3p expression in
PANC-1 cells. However, co-transfection with a miR-124-3p inhibitor suppressed the expression changes
in miR-124-3p and CTNNBI1 (all P<0.05). NEAT1 siRNA transfection significantly reduced PANC-1
cell proliferation, migration, and invasion, while promoting apoptosis. Additionally, E-cadherin protein
expression was upregulated, whereas N-cadherin and vimentin protein expression were downregulated.
Tumor growth in mice was also significantly inhibited (all P<0.05). These changes were attenuated upon
co-transfection with the miR-124-3p inhibitor (all P<0.05).

Conclusion: NEAT1 may act as a ceRNA by competitively binding to miR-124-3p, thereby attenuating
miR-124-3p-mediated inhibition of CTNNBI1. This leads to CTNNBI1 upregulation, ultimately
promoting the malignant biological behavior of pancreatic cancer cells.

Pancreatic Neoplasms; RNA, Long Noncoding; MicroRNAs; Cell Proliferation; Neoplasm Invasiveness
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AL OB OB R R KO R R £ ot
TargetScan ¥ Ui (ht’rps://starhase. sysu. edu. en) KM
NEAT1 5 % /N RNA-124-3p (miR-124-3p) , DA K&
miR-124-3p 5 85 i A AH G #H H (CTNNBL) A £
LS AL o BeAh, BFFTIESE oK, 16 & 5 i
R 40 e g b, NEATL o] #0 ) R 9 miR-124-3p %
K miR-124-3p b 9 BT DL i B e A0 A 1 3
FE'; CTNNBIL L 9 4 1 Jo A 9 A= < I F 1 J5 AS
RIS P, £ 4N NEATI AT E45 4 miR-124-3p
JE 4R S LR CTNNBL 2835, DT 52 1 Ji 7 240 a1
W AT N o A HE 5T R B NEATT, miR-124-3p .
CTNNBI 7E J# e i i ik, DL BT Z WA BAR
JH X JR i 9 40 L ) i A 52 T

1 #MRERE

1.1 HRERKEEERF

N JBE R 928 20 PANC-1 g 1 2R D0 58 4 B
AR A A AW R 4 il R HPDE6-C7
(H6C7) M H FigERAEYFHHLA RS\ 5 NEATI
siRNA  (si-NEAT1) . B ¥ %} B siRNA  (si-NC)
miR-124-3p Ml 4 (miR-124-3p inhibitor) . 1 ] ¥
B9 XF B8 (inhibitor NC) . miR-124-3p #4014 (miR-
124-3p mimic) . TRIzol 7] (%5 : B511311-0100)
KWy oH FW AT CCK8 ik H & (5.
CA1210), JbZEER AR AF; NEAT1 B4
Bl i ki (NEAT1-WT) . NEAT1 % 48 8 i ki
(NEAT1-MUT) . CTNNBI1 ¥f 4= & i ki (CTNNBI-
WT) F1%78 H ki (CTNNBI-MUT) th F 4 T
Fog s b 2 85 B B £ (E-cadherin, 1% 5 .
ab231303) | fit £ Y55 &5 B & 1 (N-cadherin, 6%
. ab76011) | P B HH H (vimentin, % %5 .
ah20346) . CTNNB1 ik (4585 : ab16051) W H
Abcam; Annexin V-FITC/PI XX 4% 21 ffg & 7= 46 I 3k 5
& (185 . FY-PLS5835), L iff & kAR AR
AN Bk R OGRS & (]R5: SQ101),
eV Pl A W R 2 R A PR A F .

1.2 ImARER

W B 2018—2022 4F 78 i Jb 4 iU 58 — B B
R 12 BRI Y 1S 01 S8 S Y MR A 2 2 (B IR
4) FIARRESAS (EFA), AR IA R
HBEATAE R E A, Hizx L m kg lnui 5 =
BEBefe 2 s ny b (HE5 . 202301006) o
1.3 Fik
1.8.1 mfe3a i By 2e N N R BRI 41 Il 3R PANC-1
DL KON B8R L Rz 41 B Z& H6CT K 77 7E DMEM K %
FE, BRI A 10% KR G A 0TS 1% R R/
W R, W37 C, 5% CO,. ¥ PANC-1 41
Jftl ¥ BR 3 x 10° A~/4L Y %5 B 42 A A 6 FL S TR fR 1,
Oy 9 %5 Yt si-NC. si-NEATI) . si-NEAT1+inhibitor
NC. si-NEAT1+miR-124-3p inhibitor, JH%% YLl & 4%
Yed8 ho DIARZATATAL PR PANC-1 20025 X RE
1.3.2 MK A FEHIREARE E% 381 TargetScan M
¥l (https:/starbase.sysu.edu.cn) % Bl NEAT1 55 miR-
124-3p, miR-124-3p 5 CTNNBI 17 78 45 & 7 /5 o
T o5 W A R 28 A% AU miR-124-3p 45 4 A5 9 NEATI
B¢ CTNNB13' 815 X Fr B 5 B 31 pmirGLO 352 Ot
R AR ARG R X S AR 5 48 0 1Y TR 2L
Y ) PANC-1 20 g 48 h, ) 52 % K H1 Fl Renilla 7¢
R T A IS R . AR R R BT R 2, Al AL B
T AR R WA B WO . SR, AT O R
il 5 P U — A Sy 7 ok e O 2R i AR
1.3.3 qRT-PCR # | NEAT1.miR-124-3p & & £
SR 20 J 7Y A RNA £ HUfH F TRIzol 3R 7] o K 42 B
() RNA 336 55 55 0 B4 DNA, I 3¢ BBt 300 & 106 0 B
#E47 PCR, B e R R PCRBI Y . Mix. ddH,0
BC B 20 AR R, BlJS, FES5HT PCR R4t Lif1T
qRT-PCR. PCR & fF 41 K : 95 °C 10 min, A5
95 C 5, 60 C 40 s, 40 G . {#i ] GAPDH 1f
g NEATI B9 N 52 X5 B8, U6 7 & miR-124-3p #Y N
PEE X BR 3 BT NEAT1 Fll miR-124-3p %35 . &,
K 2782k AT . T qRT-PCR 19 51 4 )5 4]
WK1,
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#1 HTFqRT-PCREIEIHFET]
Table 1 Primer sequences for qRT-PCR

HEA 1E A S )
NEATI 5-GTT TGC CTG CCT TCT TGT G-3' 5’-TAC CCT CCC AGC GTT TAG C-3’
miR-124-3p 5'-CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG 5'-ACA CTC CAG CTG GGT AAG GCA CGC GGT GAA TGC C-3'
GG CAT TCA-3'
U6 5'-GCT TCG GCA GCA CAT ATA CTA AAAT-3' 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'

GAPDH 5'-GGA GAG TGT TTC CTC GTC CC-3'

5'-TTA CTC CTT GGA GGC CAT GTA G-3'

1.3.4 Western blot # & CTNNB1. N-cadherin. E-
cadherin | vimentin & & & 2 B 4G, RIPA 2% 2% vp
TR R FEHUPANC-1 411l . HOCT 4 A LA Kz Ji i 9 41
a1, Jmor AN R . ok BCA 3K & 6 iR
HWE S, 76 10% SDS-PAGE |- HiJk, K5 H#% 5
PVDF . $2 Tk, 78 5% Wilg 4 Wb BHI AR, SR )5
FHH#E ) E-cadherin (1:2 000) . N-cadherin (1:1 000) .
vimentin (1:2 000) ., CTNNB1 (1:1000). GAPDH
(1:1000) M—HfE4 CHER. KH, EZRTH
ZHUREE 2 he HuRA AR RO R N & TR D
5%, Image ] HFE =0T,

1.3.5 CCK-8 i % #7 PANC-1 @m fa 358 WAk & 41
PANC-1 i/, JF¥ HAZF T 96 LAk (1 x 10°4~/4L)
i, 37 CAHI5% CO, K557 48 ho #RJ5, UM CCK-8
VW, 37 CWEE 2 he P& 450 nm Zb OB
1.3.6 A X @ Ko PANC-1 28 i 8 = ¥ 4000
WeBEJH T 2 7 x 104 /mL. SR 5 H 500 wL 4545 2% up
WE BN, WIS pL Annexin V-FITC fi1 5 wL PI
FE4 CTFREE 15 mine fJa, 8 H 3 40 M OF Ak
PANC-1 4008 7% .

1.3.7 Transwell X 35 | & PANC-1 48 & it 5 fo 4z &
W 5% gy () PANC-1 41 Jifd 22 % 76 JC FBS 15 9% b Jf 45
FRIFLAE N 8 wm AY Transwell IR = . B E&H
10% FBS (600 wlL) AY DMEM 85 F8 R 8 =
o BEFR 24 h)E, MRS B b= R 2R R 4n
JL, TR AR b RS T A [ e S E R, SRR
0.1% 25 Fh 48 YL 46,30 min. fc )5, FELFEME T
T4 Transwell & = 19 I = il I Matrigel & it % ,
TR E R DT R, DA A B = 22 .

1.3.8 JFAPAS AN B AR WL DL R A YRl
FBRAF[VFATIES . SCXK (%) 2021 —0027] My 3%
6 Ju] I Ik BALB/e BR Lo 45 bR 2 2 A 4 L LA 1 x
10° > /mlL 43 5 1 5 1) BALB/e 2 5L A5 00 i 55 fe F
TE 1 51 J5 565 35 R AL FE Fir A3 R B, BB R i 97 O
PR, MR A (R =M K B x [ 58 5 2)
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THE R AR . AW O A R 8 = =
B sh ¥ 16 B 2% 51 2 itk (k5. 202201009) .
1.4 Sit=F4biE

BT A7 B Y AE SPSS 25.0 B A B, 48 E A4y
i . 5 2RI S BB AR « dnifE 2 (k= 5)
TR otk B H T B NEATL. miR-124-3p .
CTNNBI 7E Ji Ji 9 41 21 . 98 55 2 41 L PANC-1 4t Jifd |
H6CT P iy ik 22 5%, A M LB BRHE R
72 5y BT F1 SNK-q K % . P<0.05 N 22 34 48 it 2

2 & R

2.1 FEPRYE 4 i th miR-124-3p,NEAT1, CTNNB1
UG ZR Wl A 3 R S B0 45 2 7R, miR-124-
3p mimic &A% T WT-NEATI Fl WT-CTNNB1 £ 1 ¢ )t
W (38 P<0.05) , 1 MUT-NEAT1 #l MUT-
CTNNBI 1 % 0% R B & ¥ JL-F A~ 4 (3% P>
0.05) (E1),
2.2 NEAT1.miR-124-3p, CTNNB1 7E f& iR 55 LA 41
R RIRIE
55988 05 B R AL UL, R R 2H 41 NEAT1 .
CTNNB1 3 ik 7K F- 14 55, miR-124-3p F ik AR (35
P<0.05) ; 5 H6C7 40 iy tk % , PANC-1 40 jfd
NEAT1 . CTNNB1 %A /K-F J+ i, miR-124-3p 3K ik
FeA% (3 P<0.05) (&2-3),
2.3 FE 5 & HMAI NEATT1. miR-124-3p,CTN -
NB1 RiZH L
523 A A . si-NC 41 H %, si-NEAT1 41
NEAT1 . CTNNBI1 KV FEAK, miR-124-3p 3 ik 1 5
(#4 P<0.05); 5 si-NEAT14H . si-NEAT1+inhibitor NC 41
Fe#8, si-NEATI+miR-124-3p inhibitor 41 CTNNB1 7/KF-
FHEr, miR-124-3pFRik FFE (3 P<0.05) ([5]4),
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miR-124-3p 3" CCGUAAGUGGCGCACGGAAU 5' miR-124-3p 3" CCGUAAGUGGCGCACGGAAU 5'
WT-NEAT1I 5" AGUAUGUAAAUCGUGCCUUA 3 WT-CTNNBI 5" ACAGUUUACCAGUUGCCUUU 3'
MUT-NEAT1 5" AGUAUGUAAAUUACGUGCCU 3' A MUT-CTNNB1 5' ACAGUUUACCAGUUUUGCCU 3' B

M miR-NC 4 W miR-NCZH
¥ miR-124-3p mimic 2 % miR-124-3p mimic 2
—

1 WIS EEBIREEE LT miR-124-3p. NEAT1, CTNNBIHIEFR  A: miR-124-3p 76 NEAT1 b (1B £F R Fnge s
54 L8i; B: miR-124-3p 7/£ CTNNBI 3'UTR b BFAE RSB 556080 C: H% % miR-124-3p mimic ) WT-MUT 5
MUT-NEAT1 PANC-1 40 i 6 Z G PE LA ; D 54 4% miR-124-3p mimic ) WT-CTNNB1 1 MUT-CTNNB1 PANC-1 4
N RGP LA

Figure 1 Dual-luciferase reporter assay validating the relationships among miR-124-3p, NEAT1, and CTNNB1 A: Wild-

type and mutant binding sites of miR-124-3p on NEAT1; B: Wild-type and mutant binding sites of miR-124-3p on the
3'UTR of CTNNBI; C: Comparison of luciferase activity in PANC-1 cells with WI-NEAT1 and MUT-NEAT lafter

transfection with miR-124-3p mimic for; D: Comparison of luciferase activity in PANC-1 cells with WT-CTNNB1 and
MUT-CTNNBI after transfection with miR-124-3p mimic

CTNNB1 95 kD

GAPDH 36 kD

B
2 NEAT1, miR-124-3p, CTNNBI EHLAFKRIE  A: qRT-PCR Kl NEAT1, miR-124-3p fEH LV Ay K5 ; B:
Western blot ¥l CTNNB1 # A 7EZH 2L P (1 635
Figure 2 Expression of NEAT1, miR-124-3p, and CTNNBI in tissues A: qRT-PCR analysis of NEAT1 and miR-124-3p
expression in tissues; B: Western blot analysis of CTNNB1 protein expression in tissues

http://www.zpwz.net
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CTNNBI1 95 kD

- — -

o _ o

3 NEAT1. miR-124-3p. CINNB1 ZEZBBIFHIRIE  A: qRT-PCR il NEAT1, miR-124-3p 7F 40 g i i 3% 35

Western blot :1l] CTNNB 1 2 [ 7E4H ] i) 654
Figure 3  Expression of NEAT1, miR-124-3p, and CTNNBI in cells A: gRT-PCR analysis of NEAT1 and miR-124-3p

expression in cells; B: Western blot analysis of CTNNBI1 protein expression in cells
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124-3p inhibitor 41

si-NEAT1+miR-

23 [0 B
si-NEAT14]

CTNNBI1 95 kD

GAPDH 36 kD

E4 NEAT1. miR-124-3p. CTNNB1 EHEZAPANC-1 fifiARIRIE  A: qRT-PCRAMINEATI. miR-124-3p [J4&ik

B: Western blot#:{l] CTNNBI1 £ [/ %1k
Figure 4 Expression of NEAT1, miR-124-3p, and CTNNBI1 protein in different groups of PANC-1 cells A: qRT-PCR
analysis of NEAT1 and miR-124-3p expression; B: Western blot analysis of CTNNB1 protein expression
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2.4 P& EPANC-1 AEIETERE TR (L NEAT1+inhibitor NC 41 [t % , si-NEAT1+miR-124-3p
Has A X AL si-NC 4L L 88, si-NEATI 20 inhibitor 21 OD, fE 34 & (3 P<0.05) (£2),
0D, {8 B A% (¥ P<0.05) ; 5 si-NEAT1 41 . si-

#2 HFHEPANC-14M 0D, EE (% =)
Table 2 Comparison of OD,,, values among different groups of PANC-1 cells (x + s)

R Epopie] 0.97+0.11
si-NC 2 0.95+0.10
si-NEAT1 44 0.30+0.04"-?
si-NEAT1+inhibitor NC 41 0.32+0.03
$i-NEAT1+miR-124-3p inhibitor 2 0.85+0.09>+
1) 558 (I AL LR, P<0.0552) 5 si-NC 2 HuAS, P<0.05533) 5 si-NEAT1 40 FL4, P<0.05;4) 55 si-NEAT1+inhibitor NC 41 FL#%, P<0.05

Note: 1) P<0.05 vs. blank control group; 2) P<0.05 vs. si-NC group; 3) P<0.05 vs. si-NEAT1 group; 4) P<0.05 vs. si-NEAT1+inhibitor NC group

2.5 HPjF&HAPANC-1 AT RNTH inhibitor NC 41 H ¢, si-NEAT1+miR-124-3p inhibitor
Ha X A si-NCA L, si-NEATLAH T REM (3 P0.05) (E5) (£3),
TR TbE (¥ P<0.05); 5 si-NEAT1 41, si-NEAT1+

E5 mAgMRAGN PANC-1 HAE T
Figure 5 Apoptosis of PANC-1 cells detected by flow cytometry

26 BHEERAEAPANC-1AMBE.IBENW si-NEATI+inhibitor NC 2 [ 4%, si-NEAT1+miR-124-3p
T inhibitor 41 iF #% . & 2% 4 M B it & (3 <
s IR IRAL . si-NCALLLEL, si-NEAT1 415 . 0.05) ([516),

RN MEECR R (¥ P<0.05); 5 si-NEAT1 4 |
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®3 BHEPANC-1EMEATELEE (%, x+5)
Table 3 Comparison of apoptosis rates among different groups of PANC-1 cells (%, x + s)

B Epogikl 5.95+0.58
si-NC 4 5.91+0.63
si-NEAT1 41 24.48+2.9412
si-NEAT1+inhibitor NC ZH 25.83+3.21

si-NEAT1+miR-124-3p inhibitor £ 14.48+1.5599

TR D) 52 AR IRA AR, P<0.0552) 5 si-NC 21 Hb 4%, P<0.0553) 5 si-NEAT1 41 H 4%, P<0.05;4) &5 si-NEAT1+inhibitor NC 41 H 4%, P<0.05
Note: 1) P<0.05 vs. blank control group; 2) P<0.05 vs. si-NC group; 3) P<0.05 vs. si-NEAT1 group; 4) P<0.05 vs. si-NEAT1+inhibitor NC group

25 R IR 2 si-NC4H

si-NEAT1 4

si-NEAT1+
miR-124-3p inhibitor 1
7 T ., AT IR,

si-NEAT1+inhibitor NC £H

si-NC 21

I SPapiiie:|

si-NEAT1 24

si-NEAT1+
miR-124-3p inhibitor £

si-NEAT1+inhibitor NC £

A: QIMEERR A B: 4UARZZEKM

A: Cell migration assay; B: Cell invasion assay

Bl 6 Transwell 323§ (x200)
Figure 6 Transwell assay (x200)

2.7 HE &4 PANC-1 4k FE-EEREENL vimentin £ [ A8 & (¥ P<0.05) (E7).

(EMT)#HXxZRAFRIEHEZL
Hoas (X IR si-NC 41 e d, si-NEAT1 4140
M E-cadherin 7B 14 3 35 39 5, N-cadherin . vimentin
HHFRIAFEIL (B P<0.05); 5si-NEATIZ, si-NEAT1+
inhibitor NC 41 lb#¢, si-NEAT1+miR-124-3p inhibitor 2
4 M E-cadherin & [ £ & F B,

N-cadherin .
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2.8 FEFRLEPANC-1 MAE/NREREKEFER

si-NEATT 2 Jifjgg A4 B . iy o £ B B /N T 28
FIOXFREZH | si-NC 41 T3 (3 P<0.05) 5 si-NEAT1+
miR-124-3p inhibitor ZH M98 AR R . g ot o W g K
F si-NEAT1 4 | si-NEATI+inhibitor NC 4] (¥ P<
0.05) (E8) (#£4).
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Jren
g =
2 Z
= = 1.5
= = 25 P04
e b F + & P<0.05 P<0.05 '?E THEA
3 g E E< B P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 el
= bt = = 2 A : u <0 OB PDO, G NEATI 4
e g = I =0 Q) 1,0 AL, T”% T 1 Si-NEAT Linhibitor NC4L
H 7 3 " ‘# B K T1 P<0.05 19 si-NEAT1+miR-124-3p inhibitor 41
g g g - = ] P<0.05
E-cadherin ———— o o— 07 kD B2
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