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Js:% JE4R 55 RNA SOX21-AS1 iA#%E miR-31-5p/MMP-16 %
Xt B R 92 2 B i 1 S 4 3R A =2 il

BALE, WAX, ¥, &%, Rath, &%
(P RFHEZER AN, #d K 410013)

wm =

KA

ESE588: BRI R R W RGO, R ST DL IR . K8 IR 4 D RNA
(IncRNA) & 7E 2 Fi 20 M b g ob e 65 7 S 9805 B 7 AR 53 B AR DA i W o e 58 R W], IncRNA
SOX21-AS1 76 Z FUBME g it & A L R i S B AR . (A AE R v A E T R T . PR, A&
WFSEIR T SOX21-AST 7 [ M v 11 22 38 K LT g .
77 3%+ JH qRT-PCR Kl SOX21-AS1 7 20 Xof JJ2 it 98 15 418 305 98 5% 1F o 4141, u&ﬂ%ﬂ%aﬁéﬁiﬂ@% (PANC-1.
CAPAN2, CFPAC-1. BXPC3. SW1990) 5 AJ4 Iz 4iffli =% (HPDE) 'hif3kik. il il GEPIA $4 g
53T SOX21-AS1 K3k 5 B i (88 TR A OC &R o SR MTT 5258 5 52 761 1 55 50 43 B SOX21-AS1 LR S
JoR % Js AT TG S5 MG RE ) B R . i 5 DTANA B8 2 #i SOX21-AST A LA/ RNA  (miRNA)  Je H
TR mRNA, S 2D RV TIRESE I L AR B S L PRBOSE I AR M o B W
MZ R

S5 0 SOX21-ASI 7% R AR i AL LR 40 il 3R R SRR B, FLE R B E W5 22 (34 P<0.05) . SOX21-
ASTUUER S, 1B s 40 L 09355 0 55 3 R RE 0 B W W AR (39 P<0.05) o AR W% B %43 B i 7R, miR-31-5p
55 SOX21-AS1 J2 MMP-16 mRNA BJf¢ 4280 ] 45 5 )7 51, DIRESES . 2O 3 i S5 40 F 49 K 52 50 45 2R 24 564k
TEFHEZEMEAECER, AL, A R IR, SOX21-AS1 Y2235 5 miR-31-5p 1Y 238 5 A 56
(”=0.257 1, P<0.05), miR-31-5p ({355 MMP-16 mRNA %5 2 A% (£=03113, P=0.0106).
£51% : SOX21-AS1 (Y35 1 I 55 R e 200 76 4 . 38 30 B g 38 o R R i BB 3 TS S A OG . AL |
SOX21-AS1 Al BEAE 354+ PE I RNA (ceRNA) 5 miR-31-5p KA Se 4 PE45 4, 18795 MMP-16 B9 £ ik, M
TN 2 1R R 9 08 JRE . SOX21-AST ] LUARE S J B 19 V5 A6 T 5 A= W bm il A2 iR i 8
JEERR PR ; RNA, KEEESTS; A0MIMG 56 ; ceRNA
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Effect of long non-coding RNA SOX21-AS1 on viability and
proliferation of pancreatic cancer cells via modulating
miR-31-5p/MMP-16 axis

ZANG Longjun, CHEN Dongjie, GAO Wenzhe, HUANG Hui, ZHU Hongwei, YU Xiao

(Department of Hepatopancreatobiliary Surgery I, the Third Xiangya Hospital, Central South University, Changsha 410013, China)

Abstract

Key words

Background and Aims: Pancreatic cancer is a common tumor of the digestive system and a frequent
cause of cancer-related death. Long non-coding RNAs (IncRNAs) have been demonstrated as regulators
and specific biomarkers for multiple cancers. Recent evidence has indicated that the novel IncRNA
SOX21-AS1 plays an important role in the initiation and progression of a variety of malignant tumors.
However, its function in pancreatic cancer remains unclear. Therefore, this study was conducted to
investigate the expression of SOX21-AS1 in pancreatic cancer and its function.

Methods: The expressions of SOX21-AS1 in 20 pairs of specimens of pancreatic cancer and adjacent
normal tissue as well as in a range of pancreatic cancer cell lines (PANC-1, CAPAN2, CFPAC-I,
BXPC3, and SW1990) and human pancreatic duct epithelial cell line (HPDE) were detected by qRT-PCR
method. The relationship between SOX21-AS1 expression and the prognosis of pancreatic cancer
patients were analyzed through GEPIA database. The changes in cell viability and proliferative capacity
in pancreatic cancer cells after SOX21-AS1 silencing were determined by MTT assay and colony-
forming assay. The targeted microRNAs (miRNAs) of SOX21-AS1 and its downstream targeted mRNAs
were predicted using DIANA database, and then the interactions among them were validated by a series
of function experiments, dual luciferase reporter assays, rescue experiments and correlation analyses.
Results: The expressions of SOX21-AS1 were upregulated in both pancreatic cancer tissue and cell
lines, and the patients with its high expression had a poor prognosis (all P<0.05). In pancreatic cancer
cells after SOX21-ASI1 silencing, the cell viability and proliferative ability were significantly decreased
(both P<0.05). Bioinformatics analysis indicated that there was a target binding sequence in miR-31-5p
for both SOX21-AS1 and MMP-16 mRNA, and the interactions among them were confirmed by
function experiments, dual luciferase reporter assays and rescue experiments. In addition, the results of
correlation analysis showed that there was a negative correlation either between SOX21-AS1 expression
and miR-31-5p expression (+’=0.257 1, P<0.05), or between miR-31-5p expression MMP-16 mRNA
expression (72=0.311 3, P=0.010 6).

Conclusion: The increased expression of SOX21-AS1 is associated with the enhanced viability and
proliferation of pancreatic cancer cells, as well as the poor prognosis of pancreatic cancer patients. In
terms of mechanism, SOX21-AS1 may competitively bind to miR-31-5p as a competing endogenous
RNA (ceRNA) to regulate the expression of MMP-16 mRNA, thereby promoting the progression of
pancreatic cancer. SOX21-AS1 may probably be a potential biomarker and therapeutic target for
pancreatic cancer.

Pancreatic Neoplasms; RNA, Long Noncoding; Cell proliferation; ceRNA
CLC number: R735.9
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v B R R IR 1Y) BE R A T A i g b
NS 5L, 5 4R X AR A R TR R UL P e o
2, AN T2%, HEZEFEGAR G, R
W be e, LI W IR e, & IS B AL T )R ER
WO A, AT RUIBR AR, B 80% &
HEEFARVRERE LY, WEHE. mH )
R =2 BT o 0 2 28 1 TR A R B IR T T B, R
TR T i JBE B 1) 4 7 5 384 AL A Re A B T T
KRR m AR MR YT 25 AR 9 % RNA
( non-coding RNA, ncRNA ) AN AT A AR Y
Dre Pk RNA, Hop 4 5 K 4 3E 4 5 RNA  (long non-
coding RNA, IncRNA ) . R RNA  (circular RNA,
circRNA) . 7% /N RNA  (microRNA, miRNA) .
IncRNA & — 28 K B2 8 1 200 4~ 4% 7 12 19 3F 4 15
RNA, EME#tRPEENETHR T, 25748
., % ok, AT SRS,
h, EXRZ 5 &M, JF s 5 miRNA
mRNA A BAFE H 55 Z R WL 2 5 0% 0 o i & A
KEFEFEY G W 5T IE IncRNA 76 B B 9 % A
KR & E EAE Y, IncRNA LINC0O0261 [ | i
il S0 417 ) B R s A A PN B R A B A i 3G B R A
U, IncRNA TP73-AS1 il iF miRNA-128-3p/GOLMI
Tl 02 A TR R R A ML AR R RNEE RS BR U, X R R
I 2 W 9 IncRNA i£ 47 BCAR4"™ . RPI1I-
567G11.1" CASC2"

SOX21-AS1 &I AHT £ A —F i F A 135
e fR |1 3 230 bp (9 IncRNA, 4 SOX21 f¥ fz Sk
W, E5RZEEMECREY, MR
SOX21-AS1 5% W il i 98 1= 28 3T RS 1 N2 B 590980 o 7
RN H H AT SOX21-AS1 78 [ i 98 vb i 4 F &
AN . ABESE B TR SOX21-AST 7E i I 468 9
K K R TR R A SR T B LA, DA X 4R R I R
M2 M s R AVE .

1 #MREFE

1.1 AR ARER BLE504A

5 FpJE R 4N & (PANC-1, CAPAN2, CFPAC-
1. BXPC3., SW1990) #I A K4 I i 41 ig &% HPDE
Hy 5% [ B 7R B S O b0 S 42 . T A AN R AR
RPMI1640 35 = 3t (Thermo Fisher Scientific,
Waltham, MA, USA) fhEi3%, K3 3 10%
6 4F 1 7% (FBS, Thermo Fisher Scientific) , 7F
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37 C . 5% CO, R I B 85 9% o MR 4l 1 18 7 1)
B, ff A Lipofectamine 2000 i 7] (Invitrogen,
Carlsbad, CA, USA) 47 BEM 45 4 o #En] SOX21-
AS1 ) 5 Ff siRNA 1 [ ABC (Abcam, Cambridge, MA,
USA) 5 miR-31-5p £ 8L ) FIl miR-31-5p 4171 4l 5 W A
Genechem (HV[E 1) .
1.2 XHEERAMERE (qRT-PCR) &

38 1 TRIzol iR 7 (Invitrogen, Carlsbad, CA, USA)
M ZH 20 8l 40 v B2 BCE RNA . PARIS i 71 &
(Invitrogen, Carlshad, CA, USA)Z> B 4 i A% F1 40 Jfd 5
FPE 9 RNA . i B SYBR PCR &5 & (f7g 44,
[ 75 57) % SOX21-AS1 1 MMP-16 mRNA # 17 & & .
fdi ] NCode miRNA qRT-PCR 43 #7 - £ miR-31-5p #Y
FikKF o DL GAPDH iy 3% 35 7K 7 2 Xf BEXF SOX21-
AS1 R IK AT MR HEAL o 4% miR-31-5p (Y 3R ik b
e AT R U6, AHIEFE BT 9 51 907 51 L4 1.

x1 51¥F5
Table 1 Primer sequences
519 JF51(5'-3")

SOX21-AS1

na! CCGATGGGAAACCCCCAATC

S 11 AACGCTTGCTCAAGCCTCAT
GAPDH

1E[] GGTCGGAGTCAACGGATTTG

S 1] GGAAGATGGTGATGGGATTTC
miR-31-5p

na! AGGCAAGATGCTGGCATAGCT

JZ 1] CGTAGCAGCTTACTGTACTAC
MMP-16

1E ] TCACAGCGGATTTGGACAA

S 1] AATGCGAATAGCGACGTTCT

1.3 {HpaEEg

miR-31-5p BL4L 9, miR-31-5p 4101 1l By K [ 1
XF R B RiboBio (HET7IN) o A T #14il SOX21-
AS1 By ik, 7F U6/GFP/Neo JFi ¥ ( GenePharma, H?
[ i) bR T B X SOX21-AST Y siRNA JF 51
(si-SOX21-AS1#1 1 si-SOX21-AS1#2) , DL #5454 40
m) J 371 118 J5 Rz B FHAE X B . Lipofectamine 2000
WA PEATHE Y . B YL )5 48 h, {3 JH &5 A 0.5 mg/mL
G418 By Ky 772 3k (28 [H % 75 BN 2% % & W7 % Sigma-
Aldrich) & £EREE 5L YL AN M . AT 5% A 4 T 1 T
519143 B Genechem (FV[E FV6E) o 45 YL i i FH
A miRNA & siRNA 51 L3 2.,
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Table 2 The miRNA and siRNA sequences

L] Jr(5'-3")
miR-31-5p {01l #) CAGCUAUGCCAGCAUCUUGCCU
miR-31-5p BEfD4) GAUCACUCGCAUCAUCAAGUAU
miR-BAMEXT IR (NC) CAGCUAUGCCAGCAUCUUGCCU
anti-miR-NC CCGUUUACCCUGGAACGUUGAU
si-SOX21-AS1#1 GCAUGAUUCUGUUUCCGUAUU
si-SOX21-AS1#2 GACUGUUCCUAGCAAGAAAGU

1.4 RN REREEEEN

i 1 pmirGLO %% J % i} 3 3K # 4K (Promega,
) My POk, AT N SOX21-AST 4 A AL F
T Y miR-31-5p 25 & 07 5 09 BE, va e 1 AR Y
SOX21-AS1 (SOX21-AS1-WT) Jfi ki . il i fdf miR-
31-5p Y Bl X 3k 4 & o S R AR R Ar vl LA
— /> SOX21-AS1 HE P 58 48 i ki (SOX21-AS1-MT) .
s HEK293T 41 fitd & 78 6 FL Ak b, If H & 4 SoX21-
ASI-WT 5, SOX21-ASI1-MT A Bt Al miR-31-5p £ 48 4]
sl B X R O 3R Wl AR AL A L S A
miR-31-5p i A £ & i I (1) MMP-16 %% & 3 25 (1 A
Bt , vl T B A A MMP-16 i BL (MMP-16-WT)
i 3 miR-31-5p 1Y Fl 7 X8k &5 G 07 o5 & AR AR
Al LL B — A MMP-16 & [K % A8 i k2 (MMP-16-
MT) . ¥ HEK293T 4f g 4l 76 6 fLAR h, JEH & F
MMP-16-WT 5 MMP-16-MT H Bt Fll miR-31-5p 5 11 4]
sl B M X BB 2O R iR S BRI g . 48 h S
W5 ¢ Y 28 TG 1k o
1.5 #faiEAE

it F MITT 325 00 52 240 M 38 5 4% %% J% 1) PANC-1
%, SW1990 4fl fifg $2 Fh 72 96 FLAR . I 76 AS [A] B[] A5
(FEFPJE 1. 2. 3. 4. 5d) M40, f&m
T2, KB MIT % (20 wL, Sigma-Aldrich) %8 il
F A 4 h, BRASEFRE, RETRINH T
O = | Quant Universal Microplate a6t B
(BioTek, Winooski, VT, ZEE) M E 490 nm 4t A
WG EE .
1.6 E£EEAIXE

B YU I R A0 TR I E) 6 LA (500 A4~ 4i /L)
o 2 G, B e, Jea, RIS RGO
b =TGR ¢
1.7 FitF4IE

LI K OB + bRifE2E (x+s) FoR,
I Student's + K5 56 1B (] J5 22 43 A7 2#E 47 IF A

© WA )3 of [ FF I F A EPTA

{85 JH GraphPad Prism 3K fF #4748 140 o e & A 46
B, P<0.05 1 25 5 A Ge it 8 Lo

2 # A

2.1 SOX21-AS17ERRIRE AR M P H) Rk K

Xt ¥ IS B 5 i)

EA# FH qRT-PCR XF 20 {5 [ fi 6 58 35 1 g Jt o
ZH 2R DG E B 48 30T 9 55 41 20 Hh Y SOX21-AS1 # ik /K
SEHEATREIN S5 BN, SOX21-ASI 1E B i i 41
AUh R B TS5 A8 (P<0.01) (F1A) .
Ak, LSS R on, 59 55 4140 HPDE A [,
[ BR M 9 B PANC-1., CAPAN2, CFPAC-1,
BXPC3. SW1990 H1 SOX21-AS1 K k¥ I/ (1 P<
0.05), H 1 SOX21-AS1 7E BXPC3 . SW1990 4 Jifd
() 2 3K e T A 20 M bk, R ot % D JBR R g BXPC3 |
SW1990 4l ji hy A 58 % 42 i 47 Ji 2L w5 56 (&
I1B) . i i GEPIA 4l K & & 8L, SOX21-AS1 5
RABERLMEBLBRE G 2 (P0.05) (A
1C), W SOX21-AS1 AT fit 5 [ A 48 9 72 % e 1 3%
PR B 25 DA G
2.2 LB SOX21-AS1 3R iIA& TR BRI 4 P& 1 M 18

5B 1 22 M

HH T SOX21-AS1 7E Jik g 92 41 2 R 40 v 63k |
A L 55 B e e R kR IR M R R R AR OG, dF
— 5 fil FH T B 3t 2 52 50 ok 1 HL R A 5 ) g R
20 L 19 40 R TR ) B B A KO o FE R ) SOX21-
AST 1 19 Bl RE S 1 siRNA %% 4% BXPC3 ., SW1990 4 il
J& ., qRT-PCRIZE LB, SBIMEX AL (si-NC)
He#, BXPC3 FISW1990 4 i, si-SOX21-AS1#1 41
5 si-SOX21-AS1#2 2H 1 SOX21-AS1 F A K (1
P<0.05) ([ 2A), U5 L5 SOX21-AS1 3K K 1T
2, PRGN (H si-SOX21-AS1#1 41 i T 2k
ORI, WP S 2 S 5 A i 4 siRNA #E 47
DLER) . BEJS, i MTTSZER 25 R & 8L, BXPC3 Al
SW1990 4 il fr si-SOX21-AS1#1 26 4 40 M 1% 7 ¥ 8¢
% A si-NC 21 W] B FEAR (3 P<0.05) (5 2B) . Mtk
Ah, S REIE B S BG A5 & B, #F BXPC3 Al SW1990
YA, si-SOX21-AS1#1 2 21 ffg 34 5 7K - A 4 T si-
NC 4 W R (35 P<0.05) ([K12C), XLeHdEE
B, TR SOX21-AST 114 & 35 BEAIK T MR i 98 400 Jitd 11 20
i 1% 3 R B AKF
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— {64 SOX21-AS1 TPM
4k SOX21-AS1 TPM
Logrank P=0.036

HR (F)=1.5
P(HR)=0.038
n(#5)=89
n(fi£)=89

1 FERRET SOX21-ASI FIRIEAREXIFUSHIRM  A: qRT-PCRKGI 20 XF AR bR AS ISR 1T 4141 SOX21-AS1 (1)
Fikdk; B: qRT-PCRKGINAN [ BRARIEA AL 2 5 15 AR 48 E R 4R b SOX21-AS1 Kikdk; C: TCGA A== Rl o
I3HT SOX21-AS 1 #h X IR 4 Tl 1 2
Figure 1 Expression of SOX21-AS1 in pancreatic cancer and its association with the prognosis  A: Relative expression of
SOX21-AS1 detected by qRT-PCR in 20 cancer tissues and matched normal tissues; B: qRT-PCR analysis of the relative
expression of SOX21-AS1 in pancreatic cell lines and normal pancreatic duct epithelial cell line; C: Influence of SOX21-
AS1 on prognosis of pancreatic cancer patients by TCGA analysis

W si-NC ) '
1 5i-SOX21-AS1#1 —0—si-NC —e—si-NC

1 5i-SOX21-AS 142 ——si-SOX21-AS1#1 — M si-SOX21-AS1#1
P<0.05

I si-NC
I si-SOX21-AS1#1
P<0.05
| ——

2 SOX21-AS1XTREBREMAE S, EEAIEM  A: qRT-PCR Kl SOX21-AS1 LR IR J8 BXPC3 . SW1990 4 Jifd
SOX21-AS1 &kt ; B: MTT A BXPC3 15 SW1990 4T J15 C: Aili ve B SR BXPC3 AT SW1990 A i fr) 34 5
fi

Figure 2 Effect of SOX21-AS1 on viability and proliferation of pancreatic cancer cells  A: The relative expression of SOX21-

AS1 in BXPC3 and SW1990 cells after SOX21-AS1 silencing detected by qRT-PCR; B: Cell viabilities of HPDE and
BXPC3 cells determined by MTT assay; C: The colony formations BXPC3 and SW1990 cells measured by colony-forming
assay
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2.3 SOX21-AS1 KJ#E miRNA Tl A& & iE
TSR0, 4 BT IneRNA 5 % UL 649 WL o 2
VE Ry 35 e ME N 5 RNA  (ceRNA) 454 4 F miRNA
DL H Xt H bR mRNA @9 T AEH . A T
SOX21-AS1 J& 75 Al LALE 4 miRNA 1 ceRNA, & 56 H
qRT-PCR K1l T 41 Jitg A% A1 41 Jifg J5i 7 SOX21-AS1 Ay %
K, R EIR, SOX21-ASI 54 sEAR K L1778 T 40
o (B 3A) o BeAh, it DIANA %4 12 150 21
SOX21-AS1 5 miR-31-5p fFfE ¥ [ 25 5 )7 51 (1413B) .
TE BXPC3 . SW1990 4l , % Yt miR-31-5p B
Ji, miR-31-5p F A0 L FAPEXT 4] (miR-NC) B
I E (¥ r<001) (E3C). KT i — kL
SOX21-AS1 5 miR-31-5p 77 76 A B /5 F, % B 4 A
(SOX21-AS1-WT) FIZEAERS (SOX21-AS1-MT) 454
miR-31-5p A5 009y 46 I 2 O 3R g I 1%k, U O 3K
i a5 R o, fE L QL miR-31-5p BEHL W) S
SOX21-AS1-WT 7E BXPC3 4 g rr (1% A1 X 9% 't & i 1%
PEBA SRR, T SOX21-AS1-MT (14 3% 1 3 A7 B i ik
s, [EIRERY, SOX21-ASI-WT 75 SW1990 4 il /it #H
Xt 9 2l TG PR A B SR, T SOX21-AS1-MT (1)
WO R BN W B A (P<0.01) (3D),
3% AN AY 2% B miR-31-5p J& SOX21-AS1 # B #% ¥ 45
1 fEFIE W] miR-31-5p 5 SOX21-AS1 45 & o7 25 77 16 T
RAF AR T . qRT-PCR 45 SR £ B, 7E BXPC3
SW1990 4il it /7, VT Bk SOX21-AS1 2= 5 £ miR-31-5p
FAM R B (P<0.005) ([E3E); 5HIE#H AR
HAVAH EL N B R A1 2 miR-31-5p 19 3235 B &
FEAR (P<0.01) (KE3F) . 2 1 #F— 0 5 3F miR-31-
5p 5 SOX21-AS1 B X &, #F SOX21-AS1 5 miR-31-5p
TP 0, 455 &3, SOX21-ASI Kk
miR-31-5p A (£=0.257 1, P<0.05) ([3G).
9T #E— A B 3E SOX21-AS1 # [ i 45 miR-
31-5p M R ik, #HAT T KL R, BR K
P, 7B # miR-31-5p £k G, H X BAH (si-
NC) Fo &, # f 4 (si-SOX21-AS1+miR-31-5p
inhibitor ) 21 i I % BXPC3 . SW1990 4fi il /' miR-

© WA )3 of [ FF I F A EPTA

31-5p F ik ¥ B W RE AR (3% P<0.01) (E14A), $2
/N Z miR-31-5p Ml M) A sk, SR LM, eV
SOX21-AS1J5, miR-31-5p (Y501 B Fi#, Ti7em
A miR-31-5p $M# 5 J5 , miR-31-5p Y 2% 35 AR (A4S
Wl T T si-NC4l (P<0.05) (K4B); [Al ke,
1 17 Bk SOX21-AS1 J5, SOX21-ASl () ik B T
P, M AE 45 T miR-31-5p 0 # F J5 ., SOX21-AS1 119
FIRW R B, EME T si-NC4]l (P<0.01) (&4C).
AL, FE X BXPC3 FT SW1990 47 40 Mg 3% 1 46 1l J
K, 5 si-NC L, si-SOX21-AS1#1 41 i 41 Jifd 75
JIW R R B, FE A miR-31-5p #1017 )5 1 B8
W4 (¥ P<0.05) (1K 4D) . BT E, 7
BXPC3. SW1990 41 Ji v, 5 si-NC 4 [ 5%, si-
SOX21-AST#1 41 v 41 Jif 4 5 68 1 W 0w 55, AE A
miR-31-5p M5, HIEHaE I Rk (¥ P<
0.01) (E4E). % LR, SOX21-AS14E A miR-31-
S5p 1Y ceRNA 7 [ B 95 5 B2 1) & 2B & TR v R ¥R VEH o
2.4 miR-31-5p AYEE mRNA 434 5 3&1iE
F T 2 E SOX21-AST 5% M g8 it 98 o 7 114
HLI, £ DIANA 48 52 500 T miR-31-5p #0047 25,
% Wl SOX21-AS1 F1 MMP-16 mRNA £ 7 5 miR-31-5p
A ) 08 285 & 6 o5 (18l SA) o i T UE 52 miR-31-5p 5
MMP-16 Z [a] 77 76 A 5 A 1, ¥ MMP-16-WT 5
MMP-16-MT (5 miR-31-5p #5480 4 8 &5 &5 A7 o5 58 2%
JEA ) v RO R R A SR, S5 R
miR-31-5p 1 #L 4) W] G [ ik T BXPC3 il SW1990 th
MMP-16-WT 1 4l }i i 55 O 2 B 0% 4% (33 P<0.05) ,
{H7E MMP-16-MT 25t 28 il 16 4 & WL A B A2 4k (35 P>
0.05) (&[5B). HLAb, 7 M g i g 2H 22 b MMP-16
(1) 4% 38 38 = T 15 H R IR L R 40 i 1 #58 (P<0.01)
(ElsC), R, 7F3E4T miR-31-5p 5 MMP-16 #H 3¢
P43 M J5 & Bl miR-31-5p B9 % 15 5 MMP-16 £ 1 4
X (P=0.311 3, P=0.0106) (E5D), LI Lg5R%E
B, miR-31-5p AJ 3@ i 55 MMP-16 2 55 Ji Ji 928 95
R EERE.
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5' AGCCUUCACA--CCUCUUGCCU  3'SOX21-AS1 WT

3" UCGAUACGGUCGUAGAACGGA 5'miR-31-5p

5" AGCCUUCACA--CCAGAACGGA  3'SOX21-AS1 MT

B

I miR-NC M miR-NC M miR-NC
1 miR-31-5p mimic % miR-31-5p mimic I miR-31-5p mimic
P<0.01
_p<oor P00l L0 _penor

I si-NC
1 si-SOX21-AS1 P<0.005
P<0.005
1

3 SOX21-AS1 5 miR-31-5p X R4 A: B4 & 9% kil BXPC3 5 SW1990 ' SOX21-AS1 1 43 4 1% 3 5
B: DIANA fitfl] SOX21-AS1 5 miR-31-5p &5 & (LI 7515 C: qRT-PCRZMAT1E BXPC3, SW1990 4l /il i %3k miR-
31-5p Ji miR-31-5p Wik HE; D: iF#ikmiR-31-5p)5, 54 SOX21-AS1-WT J SOX21-AS1-MT [ BXPC3 5 SW1990 4
FEAFOC RIS E: qRT-PCRAGI T4 SOX21-AS1J5 BXPC3, SW1990 ' miR-31-5p fJ#ik; F: qRT-PCRA:
0 20 BB IRER S A3 I H HEH miR-31-5p (938185 G: SOX21-AS1 5 miR-31-5p AAHKAE M

Figure 3 Analysis of the relationship between SOX21-AS1 and miR-31-5p  A: The distributions of SOX21-AS1 in BXPC3 and

SW1990 cells examined by nuclear cytoplasmic fractionation assay; B: The targeted binding sequence of SOX21-AS1 with
miR-31-5P predicted by DIANA; C: The expression levels of miR-31-5p in BXPC3 and SW1990 cells after miR-31-5p
overexpression; D: Relative luciferase activities in BXPC3 and SW1990 cells with miR-31-5p overexpression after
transfection with SOX21-AS1-WT and SOX21-AS1-MT; E: Relative expression of miR-106a-3p in BXPC3 and SW1990
cells after SOX21-AS1 interference determined by qRT-PCR; F: Relative expression levels of miR-31-5p in 20 pairs of
pancreatic cancer and adjacent normal tissues detected by qRT-PCR; G: Correlation analysis between SOX21-AS1 and
miR-31-5p expression
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— 0 si-NC
——si-SOX21-AS1#1
—A—si-SOX21-AS1#1+miR-31-p inhibitor

— O si-NC
—l—si-SOX21-AS1#1
—A— si-SOX21-AS1#1+miR-31-p inhibitor

0 si-NC - M si-SOX21-AS1#1
1 si-SOX21-AS1#1+miR-31-5p inhibitor

P<0.01 P<0.01

4 SOX21-AS13¥B[EE4E miR-31-5p RIZAWIE  A: qRT-PCRAMEH miR-31-5p #HIFI )5 BXPC3 . SW1990 41 miR-
31-5p KA H; B: qRT-PCRAGIAE BXPC3 ., SWI1990 i, 7 si-SOX21-AS1 FArF% 44 5 A miR-31-5p #1171 J5
miR-31-5p [YFEiA#E; C: qRT-PCRAGIMIZAEBXPC3, SWI990 4 R, 7 si-SOX21-AS1 JFokifE 445 A miR-31-5p 4111l
FJ5 SOX21-AS1 & kE; D: MTT IER K si-SOX21-AS1 Fki#% e 5 i A miR-31-5p 577 () BXPC3 5 SW1990 41
MR ANENE J1s E: A0 seRESCIR AN ZE BXPC3 . SWI1990 40, A si-SOX21-AS1 FTRcL YL FIE LA /A miR-
31-5p AR A AR S RE

Figure 4 Verification of targeted regulation of miR-31-5p expression by SOX21-AS1  A: The expression levels of miR-31-5p

in BXPC3 and SW1990 cells transfected with miR-31-5p inhibitors detected by qRT-PCR; B: Relative expression levels of
miR-31-5p in BXPC3 and SW1990 cells transfected with si-SOX21-AS1 plasmids after addiction of miR-31-5p inhibitors
detected by qRT-PCR; C: Relative expression levels of SOX21-AS1 in BXPC3 and SW1990 cells transfected with si-
SOX21-AS1 plasmids after addition of miR-31-5p inhibitors detected by qRT-PCR; D: Cell viabilities of BXPC3 and
SW1990 cells transfected with si-SOX21-AS1 plasmids after addiction of miR-31-5p inhibitors detected by MTT assay;
E: Proliferation abilities of BXPC3 and SW1990 cells after si-SOX21-AS1#1 transfection and miR-31-5p inhibitor addition
detected by colony-forming assay
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A: DIANA FilJll MMP-16 5 miR-31-5p FF 45 & B0 a1 751 ; B: A miR-31-5p #4047

J& . Y MMP-16-WT 5 MMP-16-MT A4 BXPC3 40 /i1 5 SW1990 40 ift i) A5 K g5 8e s C: qRT-PCR K& 20 141l i i 9
JARIT IE L Z0H MMP-16 3Rk ; D: MMP-16 5 miR-31-5p (YA HT

A: The targeted binding sequence in miR-31-5P with MMP-

16 predicted by DIANA; B: Relative luciferase activities in BXPC3 and SW1990 cells transfected with MMP-16-WT or
MMP-16-MT after addition of miR-31-5p mimics; C: Relative expression levels of MMP-16 in 20 pairs of pancreatic

cancer and adjacent normal tissues detected by qRT-PCR; D: Correlation analysis between MMP-16 and miR-31-5p

Figure 5 Target regulation of MMP-16 expression by miR-31-5p
expressions
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