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(fE] HmY W% Smad3 XJHRARIE 40 Panc-1 BxPC-3 T HWEAYSZ I, ¥ 24K Smad3 %
KA s AR AT RE AL . D71k BT GEPIA2 Ul AT A W15 8 2% 40, #R 9T Smad3 5
JRAR I A A R S A A AR e, I CRISPR/Cas9 2 4t LA S i & = RNA ( ShRNA ) i BR B il ik
Smad3 ik, K Real-Time quantitative PCR( qPCR) F1 Western blot £l A} 7 Smad3 mRNA F17E
KA, LI 5% A ShSmad3-1,ShSmad3-2 J3 31, F AN EE [a]{Ffu] JE X 1) Sh-Scramble J3 511 /E A X HE 21
(Ser) o ¥4 A Smad3 guide RNA ( gRNA) J¥ %1 /F & CRISPR/Cas9 (1) 523 40 , i A 25 25 5 ki i 4E
CRISPR/Cas9 (X% HE4 . R Western blot £ 2 it LC3 ,p62 ,p38 LA K p-p38 Hx AR 1K 4L, [Al B 7E
FH Smad3 {1 R AR 40 LA PI-Annexin V R & Y I 413 =050 #7 . FIAH pLVX-Smad3 BUR#E7 7 A
SIS, I FH p38 H A F51) SB203580 Ah HHAH i A AH I 2 1 ARG Ol . &5 GEPIA2 B4 P2 K2 Il IR
FRA G 25 R R , Smad3 FERAR LU 2 = 261K (P<0.05) o 7EMRARE A BxPC-3 Hhi% A ShSmad3-1,
ShSmad3-2 Ji5 ,Smad3 1) mRNA FI8& (17K -1 B AL (P<0.05) , [AIEF7E Panc-1 H1% A Smad3 guide
RNA §i 25 2 4~ Smad3 @BRAMMI R . 5T HELHAR EL , @8l Smad3 [R5 40 M08 - 2 314 (P<0. 05)
Western blot 5255 %2 il : Smad3 @k S #i B J5 , p-p38 BYEE H /K- .2 35 hn (P<0.05) ,LC3  p62 7K F- i 2
FEAK(P<0.05) o tE—2F 3 o IS5 K A1) ] SB203580 Ab PR g i g 4 o, & B8 p62 \LC3 25 H /K F-fg
2 (P<0.01), #5& T4 Smad3 {&F BRI 40 At BE B s, 2 17 S S5 A B R T35 0, mT 6 5 90 p38/
MAPK {5538 A K .
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promotes pancreatic cancer progression by regulating autophagy and

apoptosis through p38/MAPK signaling pathway
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[ Abstract | Objective  To investigate the effect of Smad3 on the apoptosis and autophagy of

pancreatic cancer cells Panc-1 and BxPC-3, in order to preliminarily verify the effect of Smad3 expression in
the progression of pancreatic cancer. Methods Bioinformatics analysis was performed based on GEPIA2
database to explore the correlation of Smad3 with the occurrence, development, and survival of pancreatic
cancer. The CRISPR/Cas9 system and short hairpin RNA (sh-RNA) were used respectively to knock out or
reduce the expression of Smad3. Real-time quantitative PCR (qPCR) and Western blotting were subsequently
adopted to detect the changes of Smad3 at mRNA and protein levels. The sh-RNA experimental groups were
transferred with ShSmad3-1 and ShSmad3-2 sequences, and the CRISPR/Cas9 experimental group were
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transferred with Smad3 guide RNA (gRNA) sequence, using Sh-Scramble sequence (Scr) and empty plasmid
as the corresponding control groups, respectively. Western blotting was applyed to determine the protein
changes of LC3, p62, p38 and p-p38 in the cells. Meanwhile, Smad3 knockdown pancreatic cancer cells
were stained with PI-Annexin V kit and then analyzed by flow cytometry. To further prove the effect of Smad3
on pancreatic cancer cells, the pLLVX-Smad3 plasmid was used to perform a rescue experiment, and in another
assay, the cells were treated with p38 inhibitor SB203580 to observe the changes of related proteins. Results
The results of GEPIA2 database and clinical specimen analysis showed that Smad3 was highly expressed in
pancreatic cancer tissues (P<0.05). After transfection of ShSmad3-1 and ShSmad3-2 into pancreatic cancer
cells BxPC-3, both the mRNA and protein levels of Smad3 were significantly decreased (P<0.05).
Meanwhile, 2 Smad3 knockout cell lines were screened out after transferring gRNA into Panc-1. As compared
with the control group, Smad3 knockdown remarkably increased the apoptosis of pancreatic cancer cells (P<
0.05), and Western blotting also indicated that after Smad3 knockdown or knockout, the protein level of
p-p38 was up-regulated (P<0.05), while those of LC3 and p62 were down-regulated (P<0.05). Further
study found that the protein levels of p62 and LC3 were restored by the rescue assay as well as by the treatment
of pancreatic cancer cells with SB203580 ( P<0.01). Conclusion Interference in Smad3 promotes excessive
autophagy in pancreatic cancer cells and leads to increased apoptosis, possibly through activation of p38/

MAPK signaling pathway.
[ Key words |
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N KB B 928 20 L R Panc-1,AsPC-1.BxPC-3 i H
ZE [ ATCC 40 %E ( American Type Culture Collection) ;
JERRR IE 8 S48 b J 4 e HPDE W 3 a8 7% 28 4 |
Xof B i g F8 A ZH bR Aok B 20152020 4F 74 %%
I 2 e S — B e IS e AR PH N RSB o rAS SR 4R
I 5 B i 1 A T RIS [, IS AR A 1 22 IR 2 e o
— B B e A PR D1 2 AL ( XYL2022122) , L
0 : G 4 17 DMEM 200 fifg 3% 5% 2k | J 28 (1 g 0 B
HyClone /] ; Lipofectamine 2000 I [ 3£ [ ¥ /8 4= fiy
HARA RA T S8 H AR IBUAH & PI-Annexin-V {27
& A E s REWHARAGRA A ik Smad3 | p-
Smad3 W [ % 28 va 2E WA IR Rl GAPDH I B B AL
W HE R A RS 7] 5 p-p38. p38 LC3 . p62 1 H 3 [
Cell Signaling Technology /% 7 ; SB203580 4 [ At &7 2%
FHERHEA PR A 5 B A ALY B BRI L =E T/
BP0 H 2 [E Sigma 23 7] s DAB A6 257 & 6 H vh
e A 7. X B (Sh-Scramble ) 95 7 & Smad3
U8 751 ( Sh-Smad3 , CRISPR/ Cas9-Smad3) f 25 R} 4: #y
ANFEH, &R 1,
1.2 AMEEFESH

FIF GEPIA2 %(#5 % (http : //gepia. cancer - pku.
en/ ) X} Smad3 FEFRIE H L (n=171) JImH L (n=
179) b B 3K 26 S FFE TS A DG PEEA T e 127 00 #T o
1.3 #JEL4ik

B RARAR L) i E 60 °C HEAEHEA 1 h ¥
VIR AR B A i 2 9k, AR 20 min, ZJ5
UGN 100% 95% 70% 50% . B h 47K 4L 5 min,
EBE T /KPR 5~10 min J5 & F 10 mmol/L pH 6.0

PP IR -F PG IREN 2 ph s B S 3.5 min, R H
SRR A, PBS H1iR il 5~ 10 min, 3% H,0, =R &
10 min,0. 1% TX-100 ZE#FFF 10 min, PBS P 2~3 1K,
FHYR 5 min, 3% BSA ZE B 1 h, —4${ Smad3(1:500)
%F 1% BSA,4 °C 537, 1xPBS %t 4 ¥k, 5K 5 min,
THUEIRFE 1 h, PBS P4 K, BHK 5 min, DAB i {5
Ja , ARG E Y 3~5 min 5 ARKE S MEE A, 1%
HCI(75% Z.fiEH) kAL S s, A RKMPE 3~5 min,95% .
100% BEA 7K 5 min, B J PRI ES B IR A7
1.4 W iRBoum

iR L 98 40 gk Panc-1 BxPC-3 4= £ F 37 C 5%
CO, LA KA A B R R SR b o A s R0l %
10% FBS 1% %4t (55 2  HEHR) MT 2,
2 d AT — AL AR R SE 5 43 Sy X B AT (Ser) FHI
Smad3 iy 2H ( ShSmad3-1 ., ShSmad3-2 2H . 24 Jifd 43 1 5%
Yt ShSmad3-1,ShSmad3-2 EHHEE) ; BERIL L N as
SHIBZH (WT) F1 Smad3 # B5 2H ( Smad3 KO-1, Smad3
KO-2 41 : Panc-1 4ff g 53 il % A CRISPR/Cas9-Smad3
JEhE , 8IS g 2R TR Ve T B PR PR A I AR 14 .2#) o [H]
2 SEISTE RO S5 3 41 3E A A 25,50 pwmol/L
R (HCQ) 5 1o 3K S50 F m ok 52 56 3 21 LAl 1
AP it 23K Smad3 ( pLVX- Smad3) ; 1 ] 55 45 75
R S g 3 2 Ak B A p38 A1)l 7] SB203580
20 pmol/L(SB203580) . AbFEANMI 48 h J5, W AR £ 4H
R A R AN
1.5 smHFLE

242037 4 i d: K F 60% ~ 70% I #4756
PMD2. G ,PSPAX2 pLKO. 1 sh-Smad3 # 1:1:14% 8 pg
J%2 60 pL #4455 PEI TA 750 WL DMEM 153236 (AN
TN NPT IR A A, FIRCE 20 min J5TA
293T YHfufL gL 4 ~ 6 h i fif 58 42 5 F 5L, Ak L3 o
48 h Al SR AL B, 1 500xg B0 10 min, J |V,
FEHT 0.45 pwm PR I8, IriS iR R 4 i 5 o

& 1 shSmad3 CRISPR/Cas9-Smad3 5 shScramble % %l

A J¥31(5'=3")
ShSerambl 1E 4 : CCGGGAACTCGAGTTCACATGGTTCCTCGAGGAACCATGTGAACTCGAGTTCTTTTTG
Scramble
L5 : AATTCAAAAAGAACTCGAGTTCACATGGTTCCTCGAGGAACCATGTGAACTCGAGTTC
1Smad3-1 1E 4 : CCGGGAGCCTGGTCAAGAAACTCAACTCGAGTTGAGTTTCTTGACCAGGCTCTTTTTG
shSmad3-
S5 : AATTCAAAAAGAGCCTGGTCAAGAAACTCAACTCGAGTTGAGTTTCTTGACCAGGCTC
hSmad3-2 1E 4% : CCGGTGAGCAGAACAGGTAGTATTACTCGAGTAATACTACCTGTTCTGCTCATTTTITG
shSmad3-
S5 : AATTCAAAAATGAGCAGAACAGGTAGTATTACTCGAGTAATACTACCTGTTCTGCTCA
RNAL 1E 4% : CACCGGCTGTAGTCGTCCAGTGGG
° ) S % : AAACCCCACTGGACGACTACAGCC
1E X 4% : CACCGCGCTCCGAATTGGAGGGGT
gRNA-2

JZ 4% : AAACACCCCTCCAATTCGGAGCGC
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BxPC-3 ZifgfE 6 fLARH K BIfh & 5 50% ~60%
I, $e 5 S R AR B 1 LA T I, Tm] Bk A
1 wL (2 000x) polybrene J§%], 2 d J5, A 1.5 wg/mL
WERYEG R Ik 2 d, SRR REA T ARG
1.7 CRISPR/Cas9, ShSmad3 Ji #: # 3 & CRISPR/

Cas9-Smad3 3 2m M 84 i i
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BRI

PR LT 15X Smad3 KL [H ) CRISPR/ Cas9 G
FR BRI AL IS 5 AR 4i i ( Panc-1) v, Z23d AR 7E
i e Pk A v B, I o $2 HOHE R 40 DNA il Western
blot i i HFIRENL . Lo ik % T i 2 >k ~7 19 240 i
FHTEELE, EH4 PCR LIFE5I )7 5.5'-
GCCTTC-AATATGAAGAAGGAC-3', FiiF5| ¥ 51.5'-
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1.8 ‘mheitdk

WA K AP 107 A0l 6 FLAR B, 23 9l 4E
A 0.3.5 d M Bk EORR AT 40 T, O 4G A
EHATRA
1.9 & Gi2I A& Western blot 4|

WAL 1% 200 i T A5 A TR A A 7R A SRS T
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Fok b BERR S min B2 E 1, HL2#% 20 min J5,
12 500%g 4 “C &> 5 min, G 17 BCA I E &,
TR BARFR I 1 b FEZ2 4P (5 X Loading buffer)
95 CHn#A 5 min J5 ¥ TEHMETK, 10% SDS-PAGE Hi
VKX, B ®e 2 PVDF 5 (i 1T i T Y M 32 96 BT
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BEAR 4 Y, AR S min, i MFHF 5T 1 h, PBST pEfi#E
4 Y, BHKR S min, H] ECL 2 & O06)5 A B
1.10 PI-Annexin V &,

BxPC3 Panc-1 [ 40 PBS B 2 I, A
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IE AN, ] PBS R4 A AN ML AL, SRS
1 000xg B5.0» 5 min, fil A 195 wL Annexin V-FITC £54&
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PRI ERAR A AT G e AL G 8, A B Smad3 7E J B Ji
HA P ERIL(E D),

2.2 MRS 4 R P Smad3 69 & A

WA IR IE 5 245 T R 40 e HPDE | 5 i i 40 i
BxPC-3, AsPC-1, Panc-1, i 155 Western blot #i
Smad3 PRI, 5B IE R 28 E A AMAT L,
Smad3 7 ikl 40 il BxPC-3  Panc-1 H 33585 (K]
2) . B, eSS g v aEx 2 Al R AT
2.3 JRMRSE 2 e &2 BxPC-3 Panc-1 ¥ &k (3R )

Smad3

A3 A I ShRNA L) B CRISPR/Cas9 P i AS [&] 4
& &+ Wl Smad3 [ % ik, BxPC-3 40 iy # % A
ShSmad3-1 ShSmad3-2 18455 72 h J5 , qPCR il 45
7R Smad3 mRNA 7K i B i (P<0. 05, [&] 3A) , [F]
IFFIFH Western blot MR I /KF- #4754, & 3L 2 4>
ShRNA {1 s RO (1 3B) o i#f—25 7% Panc-1 41
Jfarp%E A CRISPR/ Cas9-Smad3 i ki £ W W 55 22 7
JE PR TERE . ] Western blot FHill 7 #4790 0IE , &
LA T R A 2R 14 2#R R (& 3C. D), AT AT
2.4 ERRARSE m I UK Smad3 F e e i 8 =

FI ARG LT (%) Smad3 @i BxPC-3 K% 4 i 3 4
BL(10° A4 ) 25 A A A K il 4k ([ 4A) |, IF kAT
S Y (8 4B) . W Smad3 J5, JBE R 95 40 i
BxPC-3 Panc-1 [%k H ¥ . Z /b [FREFH Smad3
LY Panc-1 BxPC-3 4 i i: 4T PI-Annexin V #3ic3F
AT T, & PRI Smad3 J5 I8 T 40 i S 35 4 in
(P<0.05, & 4C) ,#&/R Smad3 XEUSE R LR RS
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