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=] BaY: Zekiik B ks )8 n] S 28U 41 (hepatocellular carcinoma, HCCO) &S kKR, MEHEN 4[H
5% (nuclear protein localization 4 homolog, NPLOC4);&Z Fhdfflif #h i iE B, 52 R IMEA C. k]
NPLOC4 Z: 5ZLK { IR, (HILAE HCC P ERIMIANE 2 . A58 B 7EHIT NPLOCA 7 HCC ki A mi iy
VER B REENLE . F3E . SRR T RN £k 255 872 (Gene Expression Omnibus, GEO)I1 GSE277232 #1 GSE251942
BEAE P RNA 208 FIE U8 T GeneCards $ICH5 2 A SR A WEAR DG EE R HEF T 4001, FfFEE 1 HCC rh S 4R 1
FAOGIY 22 5 IR FE R, JF X NPLOCA i ZRIKXH#EAT 43 0T, [ o) 38 5 2 10 o B SdR vk 2R A 7 30 E . >R A T4/ RNA(small
interfering RNA, siRNA)# K HCC 40 NPLOCH 1338 VAT D REBI R IRTE o SR R [ W AH & 1 ik 43
Br. BETHL T WG . eSO G R TR F A, B E AEYE B A I, NPLOC4 22—
T SCEHAGZRRIIR [ WA JC 22 S5 RIAFE N . NPLOCA 78 HCC H W 3 ik, I 5 AR RIGR S M5 P<0.05). ik
NPLOC4 W ¥ HCC 4iff3 s . iT# . 1278, JHI28E T AMIIH T3 P<0.05). MM, Wk NPLOC4 A T HCC 4
LR WA Wit/B-catenin {5 53 (3 P<0.05). (i Wnt 32 77 BML-284 7, NPLOCH R AT R iA [ W 14 11
HIVE FH BRI (P<0.05), X WA NPLOCH R AR 14 ] Wnt/B-catenin {5 5 M LR A g (LRI F A S
F0 B AL ] 4 K 5 (carbonyl cyanide m-chlorophenyl hydrazone, CCCP)J5, Wii%% T NPLOCH HfxF HCC 21 i
B R FR 2B R FH (3 P<0.05), X W] NPLOCH R R i 14 45 2 A 1 e ) HCC E#2 . 4538 : NPLOC4
FEHCC P RIE . T NPLOCA Rk T il Wnt/B-catenin {5 S3d i AT, BEMTMRIZORA A g, HZ4MH HCC
AMLAIEEE . RS AR ZE. NPLOCA AT REME R HCC WS TE I AE Wibr i SRy i i
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ABSTRACT

KEY WORDS

Objective: Dysregulation of mitophagy contributes to the initiation and progression of
hepatocellular carcinoma (HCC). Nuclear protein localization 4 homolog (NPLOC4) is an
essential protein involved in various cellular processes and has been implicated in multiple
cancers. Recent studies have suggested that NPLOC4 participates in the regulation of
mitophagy; however, its role in HCC remains unclear. This study aims to investigate the
role of NPLOC4 in mitophagy and its underlying regulatory mechanisms in HCC.

Methods: RNA sequencing data from the GSE277232 and GSE251942 datasets obtained
from the Gene Expression Omnibus (GEO) database were analyzed together with
mitophagy-related genes collected from the GeneCards database to identify differentially
expressed mitophagy-related genes in HCC. NPLOC4 expression was further analyzed and
validated by Western blotting. Small interfering RNA (siRNA)-mediated knockdown of
NPLOC4 was performed in HCC cells for functional loss-of-function assays. Mitophagy
levels were evaluated by analyzing the expression of mitophagy-related proteins,
transmission electron microscopy, and immunofluorescence staining.

Results: Bioinformatics analysis identified NPLOC4 as a key differentially expressed
mitophagy-related gene. NPLOC4 was significantly upregulated in HCC tissues and was
associated with poor clinical prognosis (all P<0.05). Knockdown of NPLOC4 inhibited
HCC cell proliferation, migration, and invasion, while promoting apoptosis (all P<0.05). In
addition, NPLOC4 knockdown suppressed mitophagy and the Wnt/B-catenin signaling
pathway in HCC cells (all P<0.05). Treatment with the Wnt agonist BML-284 abolished
the inhibitory effect of NPLOC4 knockdown on mitophagy (P<0.05), indicating that
NPLOCH4 regulates mitophagy through activation of the Wnt/B-catenin pathway. Furthermore,
treatment with the mitophagy inducer carbonyl cyanide m-chlorophenyl hydrazone (CCCP)
reversed the inhibitory effects of NPLOC4 knockdown on HCC cell proliferation,
migration, and invasion (all P<0.05), suggesting that NPLOC4 silencing suppresses HCC
progression by regulating mitophagy.

Conclusion: NPLOC4 is highly expressed in HCC. Downregulation of NPLOC4 inhibits
activation of the Wnt/B -catenin signaling pathway, thereby inhibiting mitophagy and
ultimately inhibiting HCC cell proliferation, migration, and invasion. These findings

suggest that NPLOC4 may serve as a potential biomarker and therapeutic target for HCC.

hepatocellular carcinoma; NPLOC4; mitophagy; proliferation; migration; invasion

5 RT3 R T,

FFARATSRARARS, DAt PRI T i S B A 5

JEAR AL T EE = RF RN 4 Bt 982 (hepatocellular
carcinoma, HCC)Jg it & P 188 1) £ B4 212 e Ay
TERHEIZ W RIS TR B rh e R 28 R AT T
JZIN% 1, I HCC MIRYT IR A TR, 54E4:

KSR TR B E 2L
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) U T 52 B 0 225G . 7R e 19 0 B Be
SRR [ W T PR A2 B LR A, e 1 R
(reactive oxygen species, ROS)F ™= A=, M 4E+F 4
MEANFAY, BN, PTEN AT M5 B 1(PTEN-
induced putative kinase 1, PINK1)#/l Parkin J2:7Z E K
PRSI | R TR R S H Y, CAOIEITE
Jibgg 4l o A O E S, AR, FEMRIIME BB, 2k
LA 1 S A R 5T R SO TP B AR oK L A
FEIG IR AR AR A 2 i (22 FEE Re ™, il 2k
A A 1(ferredoxin 1, FDX1)i i T ALk {4 [ 15
FIPIBK/Akt {5 538 %, 5% ROS 74, M {2 #F
HCC#EJET . SRTT, iR [ W 7E HCC Hh i 2k I8 AL
il ARG

¥ 3 1 22 A 4 [ Y54 (nuclear protein localization
4 homolog, NPLOC4)&EZ Fh 4l it i F2 v 1) b 75 26 1
BT, R 5 BT A S R M R . B A
Ji% ik 25 M [valosin-containing protein (p97), p97/VCP]
EEWEBIE T, #itz R-E AR R EA
B 14 S A o R e e 22 DG F B3, NPLOC4 E IR S%
5Z A kP, i nl @1 B-catenin/ b 5L AL
fif-3B(glycogen synthase kinase 3B, GSK3P)if 1 i 7
R AWE, INE.C IR, A, Wnt/B-catenin
17 38 145 240 T ) R R o R v A 2R ) AT
HEYIRFR Blan, UiBRIK 3 & [ 5% 5 23
(kinesin family member 23, KIF23)ifi it Wnt/B-catenin
SN ST ESw TR NS 1V KL RN S DS N2 A
SR, J&F NPLOC4 2 %5 i i Wnt/B-catenin i [ I
WEALAR A WS 5 HCC R IR D

ARWEFE B FEHFT NPLOC4 7E HCC i i v (14 5C ik
VERT, WIHHH 5 Zokifk B me i S SOgEpLgl, LA
W2 HCC 12 W AR [a) 167 B2 BB 0 S m

| BRI 7%

1.1 #iEkiR

fifi 3k A 36 3k 25 & B0 P8 )5 (Gene Expression
Omnibus, GEO) 1) GSE277232 il GSE251942 ¥4 #f&
£k B E 2 7 £ 38 B mRNA, I 4 it NPLOC4
mRNA f) £ 15 . 8 i R K 4 £) survminer 2 il
NPLOC4 15 H Kaplan-Meier 4= £743#r i 2%

1.2 4HRELESR

ABFFEAE FHCE & 4 THLE-2(l 1D 303
Ak MRS A R 5] AT HCC 40 ] HepG2(W H 207
TAAEFEE AR A IR F]) . Huh7(W A s 284
ARHEA R H]) . Huho (W A BG4 fn A

FRAT]). MHCC-97TH(W VDSR4 A IR A R
NTD. AIMETE3T °C. 5% CO, AN F- A6 T B %
HepG2. Huh7. Huh6 4 il {1 % 1% Pt 4= 2 F1 10%
A 25 1L (2400 1 35 [E Sigma-Aldrich 23 7)) ) DMEM
KraR3k . MHCC-97H 4HMAE A& 1% $14= R A1 10% fif
A= IML7E A MEM 57758, 8 PRS0 A A KOS, 4l
PRI A B KU J5 T A 7 SR SRR

1.3 ZHAmALIE

& T4/ RNA(small interfering RNA, siRNA)
R AR HCC 4 o NPLOCH #3235 LA EA T D RE Bl 2 3k
5 . f#i ] Lipofectamine 2000 %% 44 i 7 (1) H 3¢
Thermofisher A fl), JA% % FEUH] BEAER R, Bl
[ R NPLOC4 1 JFR (si-NPLOC4) bz Heas 4 % B
H7 (si-NC) ¥ 4 = Huh7 Il MHCC-97H 40 ig . si-
NPLOC4 () EARFES AR . si-NPLOC4#1, 5'-GACA-
ATATCATGTTTGAGAAT-3'; si-NPLOC4#2, 5'-GA-
GCTTCTTGAGGATCCAAAA-3'; si-NPLOC4#3, 5'-
GACACCTATTTCCTAAGTTCA-3',

HERFE Wnt/B-catenin {5 518 & 75/ 5 NPLOC4
XFERAAR R IEAEAE ], 78 Huh7 A MHCC-97H 4
JfoH gL si-NPLOC4 J5 A 0.5 umol/L BML-284(Wnt
BahF, W A 3 FE MedChemExpress 2 &) Ab ¥
24 hi'™

SHERGELRLAR A WS 5 A5 NPLOC4 [ )2 HCC
YEFH, 7F Huh7 #1 MHCC-97H 48 Jif 7 i A 10 pmol/L
PRI ALY 8] 2K (carbonyl cyanide m-chlorophenyl
hydrazone, CCCP; ZAifk [ WEys S0, WA 56 E
MedChemExpress 2y 7))L FE 6 h"5F%4 Y si-NPLOC4 .,

1.4 ¢BAa%EH

# 5 uL si-NPLOC4 5%, 200 nmol/L si-NC 5 5 puL
Lipofectamine 2000 43 i fil A & A 95 uL JC Ifil i
DMEM/F12 ¥ il h . RIRIRSNEY, =
BIFE Smin, B, NOBIF2ENEY, BIAR
2954200 pL. KHR A WRAE SR T S 20 min, 5
Je, BRRA TSI 348 Huh7 At MHCC-97H 41
Mo, AMTEREFRA R T 37 CFE 6 hm,
Y 58 IR

1.5 EARENTEE

15 FH S} 0.5 TTT3E I 42 (radioimmunoprecipitation
assay, RIPA)ZLHIR (W H KSR AEYBHA RA
AR AT PRI 15l BCA B 15
e TR G (M 3 VD 3 A AR W R A BR 2 D)
HATER BT I . 41 Zbe S R 4 - 2R TN O T e
#E & H1 YK (sodium dodecyl sulfate-polyacrylamide gel
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electrophoresis, SDS-PAGE)/ & 5, K 2 5 o
MR BHRARERE L, MRS i —ERE,
T4 Crhidg, G FHBAR i 5 L P il (horseradish
peroxidase, HRP)FRICH) —Pribsl, 5HEIL[R] 2z
B 90 min. i J5 f H 34 i# fk %% & ) (enhanced

®1 HEER

Table 1 Information of antibodies

chemiluminescence, ECL)& S5IEMFHE 1 min, FUELL
WOISHAR, FHIBE R BB, BEM SR RS UR -
JE it H— AR B-actin /E N2 . HURIYTEAN(E B
W1,

Uik PR NI HrikIR T R LLA3) 43 FHht/kD ERL/AE]
NPLOC4 11638-1-AP A 1:1 000 68 JE[H Proteintech
PINK1 ab216144 A 1:1 000 62 Hi[E Abcam
p-Parkin PA1-4735 R 1:1 000 55 Z£[E Thermofisher
Parkin AWA41194 7 1:1 000 52 FhE Abiowell
LC3 14600-1-AP 7 1:3 000 14~18 & [E Proteintech
P62 66184-1-Ig B 1:10 000 62 3 [H Proteintech
B-catenin 51067-2-AP R 1:20 000 92 £ [ Proteintech
c-Myc AWAO01259 & 1:2 000 51 Fh E Abiowell
B-actin 66009-1-Ig Bl 1:5 000 42 32 [F Proteintech

1 D=1 u. NPLOC4: # e 4 [FFEY); PINKI: PTENERMEREILEF 1; p-Parkin: B5M{LAY Parking, LC3: M4

K 1H4E3.

1.6 LA IEEE PCR

i FH TRIzol 3457 (W4 H 3¢ [E] Thermofisher 723 )
I RNA, B, {8 HiFiScript i 5] & (W [ 715
Z N B A i 22 28 WD) 43 25 ) RNA % 4kl cDNA
(complementary DNA, c¢DNA). & i #% 5% il 55 &
(W AT AR A T 2228 W) BEFT mRNA e o 2R
J ABI Prism 7900HT J- 51l £ £ 58 %} 5 £ 52 15} PCR
gESLIE AT 0T, Al B-actinfE N NS, il 27y
BRI RO TR 51T SRS AR 2.

x2 31975

Table 2 Sequence of primers

BRAEA) 51917 51(5'-3")

NPLOC4 GTGCATCACTGCAGGAGACT
CAGGACCACCTGCAAGAGAG

P-actin ACCCTGAAGTACCCCATCGAG

AGCACAGCCTGGATAGCAAC

1.7 RS 14
R FHEIMIERF &-8(cell counting kit-8, CCK-8)

R I 200 B 4 o Ak ke A K 0 ) A e P o 4
FRILH R B 3 1x10°4/mL, LA%FFL 300 pL KRR
PR F 24 FLANRR G S . RS- E F 37 CL 5%
CO, M FE IR 35 IR 48 Th I 5 5% 24 h, 17 20 Jf 50 4 I
Jo, HERR Ry T AN T A ], FSBR bR
e, BRFLINA 300 uL &/ CCK-8 KT 7R 3L, Hehigs
Bl [ 55 R A AR L2 5 4 b, 7 450 nm P AL E
WG EE(E, 38 3 W' P 70 T o e 4 T A i 2

1.8 #REA TR

W 22 Db A 38 A8 B A S S 4 2 e U ST
(ethylenediaminetetraacetic acid, EDTA)MBREAEH LUK
L5, WM £ 2% v (phosphate buffered saline,
PBS)VE 2 YR (45 L 1 500 r/min B5.0> 5 min), FfiJ5 0
A 500 pL Binding buffer 77401, FHARUMA S uL
I W 2R AR 12 A9 BB 2] 1 V(Annexin V APC) 5
5 uL WAL REIR AT, T3 R 45 4F T S 10 min,
TE 1 h AR i 2 LA SGEEA T8 3B

1.9 HHEREEIKE
S TEAERT— OB R AR Sk . EPAF . AN LAE
[l (Matrigel) & Transwell /NE # T4 CHiE; 1EAL
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Y, AFLIILA 100 uL FWive i JCIfLH DMEM K5 5% 5
Fis B 1) Matrigel( £ ¥ B 200 pg/fl), T 37 CH &
30 min J5 W F BV, JRFE/NE T2 A 500 pL &%
10% A M3 19 8 etk . RS, A RTARAL A 40
If0 22 J T 1 R B0 MRV, FH T I B R i R
FHREE R 2x 1054 ME/mL, EEFLIIA 100 pL 40 it £
W, BT 37 CRFFPHFE48 ho HFRLHG, B
H/NER A PBS HB L, I PBSYVEVE %3
i, PR L E R, EEH %L
R EEFEE 20 min, BUE Transwell 5, L1 0.1% %5 /%
LU0 S min HUKVES IR, feJa, BIETEI A -,
T B TR LR AN R RN, FEHL
TR A REF A BT

1.10 ZRAEERIR TS

Transwell /NZE T JZ A 500 pL 7 10% Gibeo Jifi
AT P S8 R IR R T, R b AR A T 240 L TR e
THAL R PR, DATC I B IR R B m N
2x10°//mL, 100 uL 0B INA L%, & F
37 CIHEFAH TG 48 ho X T BR A A LR 28155 .
e TR E U T SR R A SR A AL 1Y 4 i
BEALZEI 3 AT A T BT -

111 BHEBEFRHE

REASR O [ v b 3 . 8 el 2.5% K
TRESAT R E B 8 AR R IR T
WIEE . R TR Y] 5 LA AT AL 50~70 nm i
WL R, 22 0P I R Bl RN A R B A MR T 4
B, Yt s AN TR =K Pk, B ET
G b AT S E . R Tecnai G2 Spirit 175 5
F {4 (transmission electron microscope, TEM; I
H & [E FELA AT 0Al, 75 80 kV HUK T8
Y, UG HOAEEGE R 5000 %10 00015 HHEES
Uil 3 3 B R A B, X B IR A AR, AL
S RN TR TPV A SRS

112 RERARE

He A0 MLREAS T 4% 1) 22 58 HYRE [ 7 30 min, 1]
0.3% Iy 438 T 37 “CALFE 30 min. BEJS . JIA 3%
I EALREW, IR E 15 mine FH 5% 4 I
[ & 9 (bovine serum albumin, BSA)¥&E K 37 ‘CEf ]
60 min, HIA—HCHUEHOCH 11 1 #24% 3(microtubule-
associated protein 1 light chain 3, LC3; g H 3 [H
Proteintech 2~ &), T4 Cid, JF+37 CHFHE 2 he
JNA 50 uL HRP —47T, F 37 CH¥E 30 min, JIIAL

— T 520 5 GG RN 10 min. T3 IS 58 4 VA A7 Y
PUARPE I S FEAS, T 37 “CHCE 10 min, FRRAK
UHNA 3% 2o A0 W AN 5% BSA WAL FRAH B
B, W% H — UL kL 1R SN I FE 457 il 20(translocase of
outer mitochondrial membrane 20, TOM20; 4 H 3£ [H
Proteintech 28 7)) & — 4. #RJ5 55— 620 9SG kL
W 10 min, feJ5, 47, 6- R EE-2- 2K KLk (4,
6-diamidino-2-phenylindole, DAPT) X 4 it 4% k17 ¢
o, G MHE R, E5OE R T s,

1.13 SEitEAE
{6 1] GraphPad 8.0 K fF#E4T4e1H 570, SCd
B3, SLIEERI VBB AR ZE RN . 241 L
AR AR X B X AUR Student /55655 2240 8] HLd
KRR 7 20 Mk AR FE 5 25081, P<0.05 K
SHAG RS

24 B

2.1 NPLOC4# £ HCCHERIZBEERRMEE X

*f GSE277232 F1 GSE251942 [A %1 rh HCC #2311
i 2H 25 400 S0 ) 0 M s 2E 2 ) 4 R DX 2 RNA T
FEEARHEAT AT, e T 22 F AR (B 1A),
GSE277232 PAFIIEE R W, 804 4~FEFI#E HCC |
W, 1971 4FEH T8, GSE251942 BAFIHY 45 R IR,
5510 A HCC H B, 1591 36 R . X
GeneCards F 4 122 Hp ) 2R AR [ W5 AF S 3k PR i —25 49
Brigss, 820 ZbifAk A WEAH G HE K #E HCC Hh [,
1439 /> 2 R A4 | W5 AH OC 36 B #E HCC h s o . X
GSE277232, GSE251942, HCC 1 LR e 4
MRIEFREE, BE 17 EERENR .
SOSTMI. FASN. USP36. HSPAIA. NPLOC4.
FZD5. UGDH. TCHP. RPTOR. SCD. IKBKG.
MOVIO. SMAD3. AGO2. PUSI. RANGAPI.
TRMU(E 1B). AHFFE S NPLOCA 1 Ky F1 S A 5T %)
% . NPLOC4 7t GSE277232 11 GSE251942 A1) rh 1)
HCC 3 Iy 20 21 34 d 2 1 23k (39 P<0.05, A
1C). Kaplan-Meier 4= f7 43 BT & W] NPLOC4 7 3R ik 5
HCC A R il 5 A 54(P<0.001, & 1D), MAh, HHFE
ER kg5 b W oR , 5 0 IE % 40 i THLE-2 A e,
NPLOC4 7 HCC 4ff fff HepG2. Huh7, MHCC-97H
Huh6 H 338 ¥ &g 3 1 (3 P<0.05), H.7#F Huh7 il
MHCC-97H 41l il i ik de i (] 1E) . X SE45 2R 3R H,
NPLOC47E HCC im#Rik, HE5ARHUEA K.
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GSE277232 5o GSE251942 Mitophagy  GSE251942
10.0 - !
75+ i ! 820 ;o0 RN
& & | (10.0%) 1'7"’ (67.2%)
ED éﬂ . 68 (0.2%) 125
| | sk (0.8%) (1.5%
________ b 1 O (e
(s 1 1
-4 4 8
Log, fold change Log, fold change A GSE277232 B
1.00 NPLOC4
GSE277232 GSE251942 2z e ek
7.0F Hok seokok Z 075 . g
65k % . Low
651 & 0.50-%-%,,  P<0.001
B = A
« + 60 2025 | Nl omemseois
8 6.0 - 8 E I
e = 55| X okt | I 1 1
2 sl z 0 30 60 90 120
Time/Months
5.0F <
5.0F 8 High} 96 12 2 0 0
- Low[270 55 18 3 1
1 1 45 1 1 o 1 1 1 1 1
Tumor Normal Tumor Normal C Z 0 30 60 90 120

NPLOC4

B-actin :_ d :

1 NPLOC4ZEHCCHERIZAEHCCARTEA X

Time/Months D

NPLOC4/B-actin

AP N R S )
@Qﬁé‘g’\&‘ E
&«g&«e@%oo

Figure 1 NPLOCH4 is highly expressed in HCC and is associated with poor prognosis of HCC

A: Volcano plot of DEGs in the GSE277232 and GSE251942 datasets. B: Venn diagram of upregulated DEGs in the GSE277232 and
GSE251942 datasets and mitophagy-related genes. C: Expression of NPLOC4 is elevated in HCC tumor tissues compared with
adjacent liver tissues from GSE277232 and GSE251942 datasets. D: Analysis of overall survival of HCC patients using Kaplan-
Meier plots. E: Western blotting analysis showed that NPLOC4 protein levels were increased in HCC cells compared with normal

hepatocytes. Data are presented as meantstandard deviation. Statistical significance was determined using one-way ANOVA. n=3.

NPLOCH4: Nuclear protein localization 4 homolog; HCC: Hepatocellular carcinoma; DEG: Differentially expressed gene. *P<0.05,

**P<0.01, ***P<0.001.

2.2 BHENPLOC4TIiMEI HCC AREILHE., T, B
FR BT

1] Huh7 1l MHCC-97H 41 il % %% si-NPLOC4 Jii ki
4 & T NPLOC4 i {% B9 HCC 40 il &, H o si-
NPLOCA4#1 B R ACR fe iy, PR ] T I 2 5 3 (&
2A). BEIEKI T NPLOCY B 5 X HCC 4TI REAY
M, CCK-845H R, si-NPLOC4 KbHHI LR T

HCC 20 it /) 41 B 1% 1 (38 P<0.05, 12B). [HHF, si-
NPLOC4 i 415 T HCC 4 () 8 1% (34 P<0.05, [
20). MAh, @k NPLOC4 )5, HCC 41 A2 22 FIiE
T HE 110055 (24 P<0.05, 812D M12E), %5 b, #fik
NPLOC4 1 T HCC 203 5E . 8 . RZBI2 ik
AT
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seksk Huh7
kS L5 Heokok Huh7 03 **i** L5 ek
§< P £ o
S ) > =/
7% 1oL 2 CXR P L P 210
=S S & e‘” &2
[} < frug
S o) Q05
2R b NPLOC4 [ -— B sskp 2 0l
;gz B-actin | - - z .
O AR %G &
R Oo ¢ Feiegifeily ¥ &P
S S 4
= Sy ©
kskk
ok T , 5MHCC-97H
bS] 1.5 sk MHCC-97H 0.5F ek . e
o < ok sk E=]
g o VRS £
%é 16 OGX? Qb‘% CP?X % 0.4 gl.O
55 écj ‘éi\/ %Q\) é{\/ 3 0.3 §
O Q >
oS 15 > 5 02 Q05
£5 evocs IR <> £ o,
2 . 8 . )
ch pracin S——— 2D C 0
éQ RO AR éQ R AR . éc/ OCP‘
SR Oovo SO S B
PFIL <z Q N »
%é o % %\,é %\,é 5 &
Huh7
si-NC: PI si-NPLOC4: PI
10F Q1-UL QI-UR 10°F QI-UL QI-UR
(0.40%) (6.18%) (0.41%) (17.91%)
B 20 kokok
105 - o\\c
< < & 15F
E 10f 2 g
o = g |
e ~ % 10
103E =
_ 3 Sk
QI-EL QI-LR QTR QI-LR ©
(93.26%) (0.16%) (81.27% (0.41%)
102 1 1 1 1 102 1 1 1 1 0
102 100 10*  10° 102100 10*  10° L OCP‘
Annexin V APC-A Annexin V APC-A RN
&
MHCC-97H
si-NC: PI si-NC: PI
QI-UL QI-UR QI-UL QI-UR
(0.48%) - (3.97%) (0.30%) (18.22%)
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Figure 2 Knocking down NPLOC4 can inhibit the proliferation, migration, and invasion of HCC cells and promote cell

apoptosis
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Figure 2 Knocking down NPLOC4 can inhibit the proliferation, migration, and invasion of HCC cells and promote cell
apoptosis (continued)
A: Detection of the knockdown efficiency of NPLOC4 by real-time RT-PCR and Western blotting. B: CCK-8 experiment
demonstrated that knockdown of NPLOC4 inhibited the viability of HCC cells. C: Flow cytometry analysis revealed that knocking
down NPLOC4 facilitated the apoptosis of HCC cells. D and E: Transwell assays demonstrated that knocking down NPLOC4
inhibited the invasion (D) and migration (E) of HCC cells. Data are presented as mean+standard deviation. Statistical significance
was determined using Student’s #-test or one-way ANOVA. n=3. *P<0.05, ***P<0.001. CCK-8: Cell counting kit-8; PI: Propidium
iodide; PE-A: Phycoerythrin-area; Annexin V APC-A: Annexin V conjugated with allophycocyanin-alexa fluor; UL: Upper left; UR:
Upper right; LL: Lower left; LR: Lower right.
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Figure 3 Knocking down NPLOC4 can inhibit mitophagy and the Wnt/B-catenin signaling pathway in HCC cells
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Figure 3 Knocking down NPLOC4 can inhibit mitophagy and the Wnt/p-catenin signaling pathway in HCC cells (continued)
A: Western blotting analysis showed that the levels of mitophagy-related proteins (PINK1, Parkin, p-Parkin, and LC3 II/I) were
decreased, and the p62 level was increased in HCC cells after NPLOC4 knockdown. B: TEM results showed that the number of
autophagosomes was decreased in HCC cells after NPLOC4 knockdown. C: Spatial co-localization of mitochondrial protein TOM20
(red) and LC3 (green) in HCC cells showed that LC3/TOM20 co-localization was reduced after NPLOC4 knockdown. D: Western
blotting analysis showed that the protein levels of f-catenin and c-Myc were decreased in HCC cells after NPLOC4 knockdown.
Data are presented as mean+standard deviation. Statistical significance was determined using Student’s -test or two-way ANOVA.
n=3. ¥**P<0.01, ***P<0.001. PINK1: PTEN-induced putative kinase 1; TEM: Transmission electron microscope; LC3: Microtubule-
associated protein 1 light chain 3; TOM20: Translocase of outer mitochondrial membrane 20; DAPI: 4 ,6-diamidino-2-phenylindole.
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Figure 4 Knockdown of NPLOC4 regulates mitophagy by inhibiting the Wnt/p-catenin signaling pathway
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Figure 4 Knockdown of NPLOC4 regulates mitophagy by inhibiting the Wnt/B-catenin signaling pathway (continued)

A: Western blotting analysis showed that the protein levels of B-catenin and c-Myc were increased in HCC cells after BML-284
treatment. B: Western blotting analysis showed that the levels of mitophagy-related proteins (PINK1, Parkin, p-Parkin, LC3 II/T)
were increased, and the p62 level was decreased in HCC cells after BML-284 treatment. C: TEM results showed that the number of
autophagosomes was increased in HCC cells after BML-284 treatment. D: Spatial co-localization of mitochondrial protein TOM20
(red) and LC3 (green) in HCC cells showed that LC3/TOM20 co-localization was increased after BML-284 treatment. Data are
presented as meantstandard deviation. Statistical significance was determined using one-way or two-way ANOVA. n=3. **P<0.01,
***P<0.001.
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Figure 5 Knockdown of NPLOC4 inhibits HCC cell proliferation, migration, and invasion and promotes apoptosis by

inhibiting mitophagy

A: CCK-8 experiment demonstrated that CCCP increased the viability of HCC cells. B: Flow cytometry analysis revealed that CCCP

inhibited the apoptosis of HCC cells. C and D: Transwell assays demonstrated that CCCP promoted the invasion (C) and migration

(D) of HCC cells. Data are presented as meantstandard deviation. Statistical significance was determined using one-way ANOVA.

n=3. **P<(.01, ***P<0.001. CCCP: Carbonyl cyanide m-chlorophenyl hydrazone.
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