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WE BH R0 PPRIAA RPN 4120 R HCCLM3 40 i v i 238 /K SO BE 40 s AR A A M R . ik 4%
AW B2 M Western: blot 325 1 G2 28 A A 00 T 240 0 i K6 Fid 411 20 PPFIA4 SRk DL 1k A7 S0 TS (9 4 56 20 # 5
%1t siRNA J5kr B % mii . HCCLM3 4l i v PPFIA4 353k, BEBUCRIIR A& 5256 Al Transwell SCEGAG I mi{ik PPFIA4 % HCCLM3 4f
HEIEFS (R FERE ST HIRAN s {5 B) Western blot 45l HCCLM3 ZHAERREE U siRNA BOkLJG _F B — 18] SEBUH fb (EMT) HH OCHE 1 A5
HYIFBEAEA ., R PPFIA4 (P20 20 2RI 4 e e 410 ( HCCLM3 | Li-7 \MHCCO7H) H 535 ; PPFIA4 5 ik fd 7R
BN PRI B , AR A7 (08) B 5 ik HCCLM3 2 ffg bk b PPFIA4 2235 )5, HCCLM3 4 Jf i 7% AR 2% A€ 11 4 T (P
<0.001) , I H EMT prii¥y ik A e Al, b R Ahs 54 E-cadherin (YA (P <0.01) , 1iii 8] 2 AR &) Vimentin N-
cadherin A N FE(P <0.05.P <0.01) . £5i€  PPFIA4 1E T4 M 2L 23 F0 AT A o bk b 52 v 0K 0F 5 (R A R BIUS ARG,
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1.1 %

1.1.1 Aagsiklkf WEELZRERE - ARE
Wt 4 2 MR I M JH 4 98 DD Bk - R S 3 1 HCC 1 41
RIEFFIEH LA 6 X, R LBAEH AR
BB 2022 4F 1 —2024 4£4 H5dd FARVIER, ik
FRHIE S R OB 58 8 1) HCC 2 ZU7F R 15 Bk
2, TR REYEL FEFABRES. HA
PR O MRIEHETARUIBRIY HCC HEURA ;) BH
REGARAEZATATI AT o ARG LZBAR AN
REEBEAE I o i AP PRAGHLE [ R B 5. (R)
20220017,

1.1.2 wmfie &4 2 2KA  NIEW I 1-02 I
1R 0 A P R A BR S R (5245: CLO192) , A
HCC 418 HCCLM3 . 1i-7 . MHCCO7H #] thi A< 525 2%
1#4F, DMEM 33 FLF Lipofectamine 3000 Iy H 38
Invitrogen Gibico 2% #] ( %% 5. 12634028,
L.3000001) , i5 4= 11 15 W B 35 & Thermo Fisher Scien-
tific 23 7] (475 : 10099158 ) , ¥ 5555 R 1K G W . BCA
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HAPEBGA N £ ECL & 67 | S-vision i 41k
A& DAB S 3R & W B s FE R A YR
A BR2A 7] (5842 G4003-100ML . G2026-200T . G2161 -
200ML,G1313-100T . G1212-200T) , PPFIA Hiikly A
L[ biorbyt 2\ #] ( $8 5 ; orb586506 ) , E-cadherin , N-
cadherin , Vimentin . GAPDH FT{&IE 3 21 = A4
B A BR 2 ] (45 2. 20874-1-AP 22018-1-AP
10366-1-AP 60004-1-Ig) , LI 2E 4% ieG —Hu H 2
DUEYE IR AV B A PR\ (1745 : GB23303) .
1.1.3 £ 2% BEAEST/ES (ES:BBS-
DDC, s NPT A Y E ARG R F]) (CO, H55R48
(B :MCO-15AC, HA = ALAE]) B GR
1RFEAE (FUS . DW-861490] , 5 & 5 /R 4= 4 BE T 1Ay
ARRAFE]D) KA (B S DYY-7C, Jb N —
AR A BRA ), KO B R (B
EVOSM7000, H AR JEFEAH]) -
1.2 Fi&
1.2.1 @i & 44 P L-02 HCCLM3  Li-
7 J¢ MHCCOTH 2 i 52 75 J5 F 5¢ 4 DMEM 5 35
(10% R4 Mg 1% F8H % - R RZ 00 5T
37°C 5% CO, M)A E3EFR46 kAT A s 77

VR KR AS B9 HCCLM3 41 g, {57 7 Ji il
TALIEHE K2 4 x 10° 1) HCCLM3 40 i #2506
LM, f A KB R 5] 70% ~ 80% B, 7 YL it
FBTRLR A BT IMA A L b 35 5% 48 h, EB) West-
ern blot JLIE HCCLM3 4 g PPFIA4 @i fIR30R
AWFFEHIE ) si-RNA JPFIUE

si-RNA si-RNA sequences

si-PPFIA4-1 5'-CAGGTGGAACATGGTGGAGAA-3’
si-PPFIA4-2 5'-GAGAUUGAGACGCGUGUAA-3’
si-PPFIA4-3 5'-AGGAGATGGTGTCATTGACCAG-3’

1.2.2 A EEF 54 AUFFEER TCCA B
2 ( https ;. //www. cancer. gov/ccg/research/genome —
sequencing/tcga) 1 HCC Fik%s , Hor g 5% 1
HZHZL 50 ), HCC 121 374 f3i], [R] inf I 28000 5€ 1 i
PR BRBTRE , 1o 48 BRI f 45 £ AR % bR 20 30
FER A OL IR LRSS DL AR A7 I LY AT A9 AR
FEARDBL , A1 BRI PR A AN 58 8 B8R 0o

1.2.3 & 93 IR A& Western blot i HCC 41415
A SE ] PBS Y UE RS, INA & A 1% 35 H Al
PARTR T4 14 59 1 RIPA SRR IR T UK | 20 3 HGE
F1L AR5 1 100°C 4@ i A 15 min i85 A2 P8
] BCA 3 A I 0 & I e B vk . R R
1 RE RS B RSN 2 10% SDS-PAGE BEEHL

VK, IR 2] PVDF i I, PVDF A A 5% (1) B A
A 1 b JE A B —Pi7E 4 CHEIR L IE
o WH H ] TBST 343 e % PVDF Ji&, SR f5 A
AHRNE ) —Hi8A 1 h, M TBST 5850k PVDF JiiE,
B JE RN ECL b2 BOGHRI T 85 .
1.2.4  $Hypafe  PEHCHCC 42 58 1E i HE
BEHREA T WAL P, B 5 {8 F EnVision ;%] PPFIA4
B A P4 P 2 2 8 55 L 2L A 7 e
AT R H13E . EnVision 3k EELERINT : 1 5%
KR 4 wm Y] CE T 65°CHEFEHEE 2 hy —
FRZR IS /K AL S 2 Fr B IR M 22 vh i L R 18 52, 3%
H,0, fEH] 10 min J5 25 B P9 6 P o S A0 P T 0 1k
SKJE TR i —HT (PPFIA4) 4°C I & 12175, PBS 5 eV
FoammAE R bRic i Pt T = EMFE 30 min, it
J& ,DAB 5 IR AKE S Gy, H R KIS £ R 5 B
i WE LA A5 R . PBS AU — i AE A B X B
A BB Y A7 B R I A L 28 g R
Foo SR LH Al SR I8 ol O AL BB R U (EE AUE
J ) ) SR PEE

EIRPTE R UM A TA AL, B
SKUT R BEALEER 3 > = A5 B AL T, DL 4 A 5T A A
o850k PPFIA4 efa fHE, Yt 2 R4 i & (o
SREE SN VR (0 —0 43, 895 (—1 4, Th 58 E
B—2 4y oA A3 43 IF B YL IV A o
A3 R BAVEAHME <25% R 1 53 ,26% ~50% 9 2 47,
51% ~T75% 1 3 4% ,76% ~100% K 4 4. &5, %
PHIAS 73 45 AR A5 B g (0 3 %, Hp: 0 ~3
(=) 4~T5HR(+),8~1045K(+ +),11 ~12
GFRC+ + +) Hh =7 5 hmEmERik.
1.2.5 XREAS %% K HCCLM3 40 (4 x 10°
/L) PR S A 2 ml AT 6 fLAR T,
AR IS AR A BUE RIS, 10wl B8
A S AEXS LR IR, SR 05 ] PBS B2 i e
i, £ BREE P A A0, 5 Je I ACRE L ) 35 53 2 T
KiRfih Ak g 5% . 7E48 2 B[] (0,48 h) RAEE
%,
1.2.6 Transwell 523 BEFE HCCLM3 4 Jifd F iy
HALE O RN T 24 £tk , B3R A 2y 4
x10* (I E 2 MFATRIFL) . BB LR AT
Ji A 800 wl & MIE 354, 107 Transwell /)N
ZEHOMAERTR 200 Wl JC I3 35 5 0, i E T
JRIEFRAA PSR 24 b BE S B /NS 2 5% W i
E ARG, T O S LSS R T R
{RAELI AL L J7 Transwell /N2 R LT , 4%
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THBRSITRE LI ARR . W2 S50 7R WA T b
PLIZEIER 3 SRR AT 20 ML HBOT ST

1.3 Zit#4hiE 8 k1 SPSS. 26. 0 #iff:
PTG 43T, Z2 4] LA F R O R, 20
% (2720 ST LR U 2R 5 26 30T 5 LE AR 0 BTk
FH Kaplan-Meier #4556, P <0.05 HZESAH ST

2 #HR

2.1 PPFIA4 7= HCC A4#0 HCC 4RI RIE
2.1.1 A Y45 85 447 PPFIA4 £ HCC F 9 & &
K22 TCGA BCI i, i 52 76 HCC H1 PPFIA4 mR-
NA kK- EJ(P <0.000 1, 1A) , HE5R BoR
HCC 8% /Y PPFIA4 mRNA 57K Bl Il IR 73 19
HERETT T (P <0.000 1, & 1B) [l 8F5% % 3
PPFLA4 &3R5 5 1 28 3%, H S 2B 721 (overall sur-
vival, OS)%& % (P =0.002, [ 1C) . b REIREE 4y
gt B0 PPFLA4 mRNA ff HCC 2 #F i FEik Lk
JHH 5 HCC BEANRIUG B YIA X,
2.1.2 PPFIA4 % & /& HCC LR A= BT & 0 oL 2
# % ik R Western blot 41 6 1] HCC 2H 21
HE 574 4 PPFLA4 35 145K, IR S HCC 44
PPFLA4 5 [ R IA /K- W] il i T 0% IEH 4HZL(P <

0.05, 2A) . 5, e 20 Ak HCC 4
21 PPFLA4 i 38 7KF 45 7 PPFIA4 5 &
A ] oW e e = P B SN N AR oY 7 R TR R N
H PPFIA4 & F7E HCC 122 2 rp Gy (a5 B v T
A 4K 2B), 7E 42 fi] HCC 4141, 36 {4
(85.71% ) PPFIA4 25 [ 8 FH , {0 34 il o5 4140
H A 12 ](35. 29% ) PPFIA4 8 4Gk . PP-
FIA4 FE 1 7E HCC i Rk s T ss g8l H 2 7
WA E (P <0.001,& 1), BRIKEISM, HFE
Western blot 451 PPFLA4 2 (A 4F HCC 41 it & b
R, 45 A&7 PPFLA4 35 78 HCC il R KA
XF L TE 240 B e 25 T v O HLAE = R 28 PR Y HC-
CLM3 4l & Rk K P8 (P <0.01, 8 2C) , %
e HCCLM3 20l R E47 f5 225550 .

2.2 PPFIA4 33 HCC I BB EEENHZMN
2.2.1 PPFLA4 gifk#mie 2 #3E  3E#% HCCLM3
Y% YL si-NC si-PPFIA4#1 si-PPFIA4#2 Fil si-PP-
FTIA4#3 Jiiki 48h )5, 2% F Western blot 3546 I %% Y
(P <0.01,K3), 45 1 B /RF L si-PPFIA4#2 FI
si-PPFIA4#3 41 PPFIA4 A0 R o i 2% | bl e B si-
PPFIA4#2 il si-PPFIA4#3 219047 F iS5

2.2.2 PPFIA4 2+ HCC %88 4 R R & A4k 77 69 %
W ok KR @A e 59 2R 98 PPFIA4 3 (1 X T

A 3k ok ok B C
g Lop S 025 LOF  PPFIA4(P=0.002)
& & it . )
Eﬂ 0.8+ B 0.8+ —— High expression
= § 0.20 - Q —— Low expression
2 L 2 £0.6F
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Fig. 1 Bioinformatics analysis of PPFIA4 expression in hepatocellular carcinoma

A: Analysis of PPFIA4 mRNA expression in normal tissues and hepatocellular carcinoma tissues using the TCGA database; B: Analysis of PPFIA4

mRNA expression in hepatocellular carcinoma tissues at different clinical stages using the TCGA database; C: Analysis of the relationship between high

and low PPFIA4 expression and the prognosis of hepatocellular carcinoma patients using the TCGA database; **** P <0.000 1 vs Normal; ™ p <

0.000 1 »s I; P=0.002.
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Tab.1 The expression of PPFIA4 protein in liver cancer tissues and adjacent tissues ()

PPFIA4 protein expression

Group

Positive Negative x> value P value
Liver Cancer Tissue(n =42) 36 6 20.528 <0.001
Adjacent Tissue(n =36) 12 24
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Fig. 2 The expression of PPFIA4 Protein in Hepatocellular Carcinoma Tissues and Liver Cancer Cell Lines
A; The expression of PPFIA4 protein in liver cancer tissues and adjacent normal tissues detected by Western blot; B: The expression of PPFIA4 pro-
tein in liver cancer tissues and adjacent normal tissues detected by immunohistochemical staining, with a scale bar of 50 pum, x100; C: The expression

of PPFIA4 protein in liver cancer cell lines and normal liver cell lines detected by Western blot; * P <0.05 »s T; *P <0.01 s L-02.

si-NC  si-PPFIA4#1 si-PPFIA4#2 si-PPFIA4#3  ku

PPFIA4 78

#k

GAPDH 36

Relative protein expression of PPFIA4

si-NC  si-PPFIA4#1 si-PPFIA4#2  si-PPFIA4#3

B3 Western blot i%#& iM% siRNA Ffiljg HCCLM3 Z1fE PPFIAd B RIXER
Fig. 3 Western blot analysis of PPFIA4 protein expression in HCCLMS3 cells after transient transfection with siRNA plasmids
**P<0.01 vs si-NC.
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HCCLM3 2 iRl @ &5 5 1 PR, 45 3R WoR7E T
Mg REFRHEIE SR 48 h J5 X L si-NC 41, ff ] si-PP-
FIA4#2 F1 si-PPFIA44#3 Jfkr i {lk HCCLM3 41 iy PP-
FIA4 53K, si-PPFIA4#2 Fi1 si-PPFIA4#3 21 JIT-9 40 2
WA G R T EREN(P <0.001, 8 4) , ##75 PPFIA4
A T I AT A TR A M A RE

2.2.3 PPFIA4 3 HCCLM3 L % it B Felz 248 A
4% FIF Transwell SZIGA PPFIA4 % [ %) F

si-NC si-PPFIA4#2

Oh

48h

HCCLM3 2 il 78 F{R 22 RE S 52, 45 S R, 5
si-NC 414} H , si-PPFIA4#2 Fil si-PPFIA#3 21 JiT-98 41
JHLIT % R 228 0 I (P < 0. 001, 81 5) o 45
HAIESE, ] PPFIA4 5 [ A9 26 3K m] ik 55 HCCLM3
MR AR ZERE T o

2.3 PPFIA4 3 HCC AR F & - i) 7 Rk ( Ep-
ithelial-mesenchymal transition, EMT ) g% 4 F 9
BN HRIUE YL si-NC Fl si-PPFIA4 JFokify HCCLM3

si-PPFIA4#3

60 HCCLM3
T

9
T 40
S
%D »: * %
£ =
o
=
S
2 20t
-
o
wn

0

si-NC  si-PPFIA4#2  si-PPFIA4#3

E4 RELEKN PPFIA4 3f HCCLM3 B RIR A& B I x50
Fig. 4 Wound healing assay results showed the impact of PPFIA4 on the scratch closure ability of HCCLM3 cells x50
**P<0.01 vs si-NC.

si-NC si-PPFIA4#2

Migration

si-NC si-PPFIA4#2
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si-PPFIA4#3
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100 EEES

50F

Number of migrated cells/field

si-NC si-PPFIA4#2 si-PPFIA4#3

150r HCCLM3

100

sk kK

50F

Number of invated cells/field

si-NC si-PPFIA4#2  si-PPFIA4#3

5 Transwell L3444 PPFIA4 ¥ HCCLM3 ZHAE B 28 W AI#NE x 100
Fig. 5 Transwell assay results showed the effect of PPFIA4 on the migration and invasion abilities of HCCLMS3 cells x 100
***P<0.001 vs si-NC
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AR EE T, R T Western blot #E K 1 EMT A 5¢
EEREWRRIEN I, LR IR, si-PPFIA4
#2 I si-PPFIA#3 4 |- B A AR A5 %) E-cadherin
A IXIE I (P <0.01) , 171 &) 78 5t b A5 4 Vimentin |
N-cadherin [JFEIA TR (P <0.05. P <0.01,E 6),
LIRS AE HCCLM3 4 itk b i ik PPFTA4 5
B G EMT 232 2]

3 itig

HCC b [ i % WA 2 —, B s iR 221k
o RHNFRL AR WA RHAIE X S B HCC (85 U 4L
22 DR LA HCC 2 1 Fr 30156 7 s R 42 7o
RIGI I , B HCC B TS . A PPFIA4 & T
PPFIA 50, ol id i liprin-a4 8 PR A AT

si-NC  si-PPFIA4#2 si-PPFIA4#3 ku
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Vimentin 54
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Relative protein expression of E-caherin

[l 1
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FH S T8 P P e 0 5k ot e R It s 4 L P 2 7 452
ZERE T A B A 30 ] B2 1 /)N A i il g s
RERIAITRCRY T . HRTE A TS Hi3H PPFIA4
A ATRES R S AR R A O . A e RE S
B PPFIA4 il 25 B 8 1 0 1 At Aok, A 41
2 g A M A 3 FE A B . TR PPFIA4 W]
P00 R 4 DY s 240 P B T e, L3 DY 53987 240 iz Ak
BERS'D L FRWFSEHRR PPFIA4 W] RS2 s %
FEUHTHL S . SR PPFIA4 78 HCC M JE i /E
v AN B, AR E LS e ifE— 25498

AN 5T B Aol B 2E W15 B 2% 7 B PPFIA4 7E
HCC PR3k K15 0 I HL 5 08 I PR BUIS 9 A
Ko s RPN TR 554121, PPFIA4 75 JiT
I A 20 mRNAZK V- 8 32 1 I 78 1 R 43 19 4 e

2.5

k%

k%

1.5

0.5F

Relative protein expression of N-cadherin

si-NC si-PPFIA4#2 si-PPFIA4#3

1.0- —

0.5F *

Relative protein expression of Vimentin
*

si-NC si-PPFIA4#2 si-PPFIA4#3

6 Western blot %#&illaL{E HCCLM3 Zifa#k s PPFIA4 j§ EMT X E B REHER
Fig. 6 Western blot analysis showed the expression of EMT-related proteins after knocking down PPFIA4 in HCCLM3 cell lines
A The expression of EMT-related proteins after knocking down PPFIA4 in HCCLM3 cell lines; B: Statistical graph of N-cadherin expression among
EMT-related proteins; C: Statistical graph of E-cadherin expression among EMT-related proteins; D Statistical graph of Vimentin expression among EMT-

related proteins; * P <0.05, ** P <0.01 s si-NC.
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I L b Rk = [RIE, m 38 PPFIA4 ()
JH A 2 SRR, e 2L T West-
ern blot 3% Fl fa 9 24 fb i A U] HCC 2 21 rf PPFIA4
(AR IR E B0 , Rl 45 3R Sl /s X Ui 55 1E #4141
HCC 241 PPFIA4 (3R AKF R mRiB, X 54
I R A PG B2 T 8 R & o TR )2
|+ ,PPFIA4 7 HCC 41 fifi & HCCLM3 , SMMC-7721 ,
Hep3B2. 1-7 Higik ¥y & FIF A Mtk L-02, ABFFE
ZEHIIESE PPFIA4 75 HCC 2H4UR HCC 41 i b 52 2
Fik, PR HXF HCC KA R e BARFEE .

SFSE PPFIA4 S5 Rk X T HCC B A+
1R ARG B siRNA Gk HCCLM3 41 fitg
Phrh PPFIA4 5K )5 | 83 WR @1 5 S50 Fl Transwell
SEE, R IUTER PPFIA4 33K 5, I 240 i HCCLM3
MRR A AR AR R 152 8] T W .
LRGSR, HCC rh PPFIA4 11 /55 3R 3K A] 5% 1 JH
T AN A D REAE AL, fE HE s 4 A ) G M AR ) AT
R AHBARHIL R 3 A ) ]

FE EMT 3o R v, I 4 M 28 42 I b B 1 ot
FEARAG 8] 70 BT RFAE , 40 M 5] 32 12 1 e B MR e IR
HARA R s shae 1Y o A SCik'™ R, 7E 4
B W b PPFIA4 @ 5 i 5 B 8% i A0 ¢ 5E I
PFKFB3 F1 ENO2 [ 3% 35, 12 2k 45 H M o A 0 2 4
2, NIMEGE EMT SR 4k 2h 45 5 98 240 M 3% A
278, P, A SCHHED PPFIA4 i 78 HCC ]
HEZ 5 EMT ¥, FfiJ5 5 1) Western blot 5255 iF
52, Wik PPFIA4 J5 HCCLM3 2 Atk o b Kz 28 s
&Y E-cadherin {3558 A0, 17 18] 78 AR 254 Vim-
entin N-cadherin [¥] 323k F%, 3278 EMT #Ef2 2 3|
i RES AR R TE - 4 M PPFIA4 i 1 AT
WIS PG EMT JERE e oF HCC Bk, (H H 2K
MIAE FBIL I T 2 — PR R

25 BTk AW PPFIA4 & 7 HCC 44
sk, H5 HCC & A R BUE A2, 7EIF
P R HCCIM3 Hhigfik PPFIA4 25 H 3RIA BRI
T AR 258 7, FEIHLHI AT RE S5 EMT AH2C,
Z I, | PPFIA4 #E F R3K AT RE ALY HCC By Al
TRIT L, S HCC (R )Ry SR AT I8
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Abstract Objective To explore the expression level of PPFIA4 in hepatocellular carcinoma tissues and HCCLM3
cells and its regulation of the biological behavior of hepatocellular carcinoma. Methods Bioinformatics analysis,
Western blot, and immunohistochemistry were employed to detect the expression of PPFIA4 in tumor tissues of pa-
tients with hepatocellular carcinoma and analyze the prognosis of these patients. An siRNA plasmid was designed to
knock down the expression of PPFIA4 in HCCLM3 cells. The effects of PPFTA4 knockdown on the migration and
invasion abilities of HCCLM3 cells were then evaluated using scratch healing and Transwell assays. Furthermore,
Western blot was utilized to detect the expression levels of epithelial-mesenchymal transition (EMT) -related protein
markers in the HCCLM3 cell line after transfection with the siRNA plasmid. Results PPFIA4 was highly expressed
in hepatocellular carcinoma tissues and hepatocellular carcinoma cells ( HCCLM3, Li-7, MHCC97H ) ; the high
expression of PPFIA4 indicated that the clinical stage of patients was late and the overall survival (OS) was short.
After knocking down the expression of PPFIA4 in HCCLM3 cell line, the migration and invasion ability of HCCLM3
cells decreased (P <0.001) and the expression of EMT markers changed. The expression of epithelial cell marker
E-cadherin increased (P <0.01), while the expression of mesenchymal markers Vimentin and N-cadherin de-
creased (P <0.05 , P <0.01). Conclusion PPFIA4 is highly expressed in hepatocellular carcinoma tissues and
hepatocellular carcinoma cell lines and is associated with poor prognosis of patients. Silencing PPFIA4 can regulate
the biological behavior of hepatocellular carcinoma cells and inhibit the migration and invasion of HCCLM3 cells.
The specific mechanism may be related to EMT.
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