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6 /INER AT 3 H 6 JE WA B R BT i Oy 18 ~ 20 g 1Y
LONPI -Flox C57BL/6 /NEUAA 75 T v BB e & e
e % 5 S 55 20 40 O 04 R S 0 D A4 T R % TR it
Hr, /NEBE IR R SR 8 E AR EUBORL £ ) A
KGR AR (22 £2) °C, JF 42 12 h g
a3 . T EBLH LONPI-flox /NER, Alb-cre /NEROR
SRRIEnE Er i) /A
1.1.2 Z2RXAANE  AFELH R Hep3B,
HCCLM3 D) K 2937T 46 g g B vb & Bk Be 40 i )%
DMEM #5575 75 - 5585 2 00 . PBS G4 I g
fiff ( % 5. 319-005-CL ., 450-201-EL . 311-011, 085-
150.325-043 ) 341 H pg 5t 4E AR 47 A PR 24 5] 5 PEI
535 :HY-K2014 ) 19 5 3 5] MCE 2\ 7] ; RNA $2H5,
Annexin V-FITC/Pl, qPCR Master Mix,BCA &7 &
25 . RC201 . A211-01 \R223-01 . E112-01) ¥y A
A S ME R 28 W] LONPL 47044 . GADPH $ii 4k | 2 —
Bi. /N BB (R 5. 15440-1-AP ., 60004-1-Ig .
SA00001-2 \ RGAMOO1 ) ¥l 7 5 = J& A= ¥ A W) 5
Yo Gt 4, BF P UK L polybrene | RIPA 2L fi % . PMSF |
CCK-8 AUt T Tunel 357 &  Edu 21 fifd 38 57 12 5
& S vk (525 . P0260 . C0351-1ml, POO13B,
ST505 .C0037 .C1086 ,C0078S,C0121-100ml) 45 H
PRI RAEYEARN A WA (ALS  DXP
Athena, 3% [F] Cytek 2y H]) , 88 Wi 5i (BY5 . DMi8,
P Leica A W]) , SEI 2O E 8 PCR RGE (A5
Quantstudio5 , 32 [E Thermo Fisher Scientific 2] ) o
1.2 7Fi&
1.2.1 safl stk ARTTRBINE BT Y
I PRAEAS BT WSCAR 8 P T K B 2 B R s s i % e
HCC AU I &9 (IEH 20 B8 BT ARFRA,
HAEARSEXT HCC 4 I 20 A 7R A7,
TLHZ RNA & F R B, 109038 1 /e K2
2 27 Bt FfF Jam P I B A B 2% D1 2 Atk o (415 2018-
099-02) , Ay B NARZHZUREAS il 34 3-8 TR s
) 0 ] 5 o
1.2.2 RORBAELEEEE  MWRATHUY
YRR Y = o7/ NI - S WU LR L ) | AN e B N |
FIH RIPA 224 fif 1 F0 AT B BR TS A B BE AILAE S , Wi B
FEAZE] LS ml 2048, K B2 30 min J5,
12 000 r/min 4 CE.C> 10 min J5URE B, 31
BCA 200 & 6 I 2 1 vk B2, ol BB mT T 1 S 58 A B
A,95 C @i 7 min, TSR EH B
B T A0, 57 552 50T PBS PRV 2 8, InA
O 85 B0 A A Y RIPA S vk 2% 30 min,

WCERFEA T ] b AL FE 3 ek 2R D s T 8 FL Dk Xof
FEf R A o T 8 A R T o . BE)S
B TR BRI AT 2 -, T B
R PEg AR, T 5% AR A4 WHis W AE = I T
HPHIE 1 b, H235 , IAFE 1 ¢ 2 000 # FEf) LONP1
Pkl GADPH Hiifk, 76 4 CUKA IR LI RK. 42
K HE ] TBST 22 M BEFR IR 3 U, AEBRAREE 5 1)
PR, H TR, AL BARGUAHNT L & R I
2125 000 AR ST A BT, 7E %R T 4%
IR 1 h, IR, 1] TBST PEik 3 Kk, 5 it
A7 WA FR LA B AR 1 1 2RE 16 0

1.2.3 RNA #IZ it &2 PCR(real time quanti-
B R A Y
HCC B A SIVHNE B I IE 4 20K B BTHE i A BT
VETROI R , #22 MR RNA 42 070 & Ul W ok 4 I
RNA, $f & RNA %% 3¢ cDNA J5, fiff il qPCR
Master Mix #17 qPCR 5255, PCR 3§ firfiff FH i 5
YIS K . LONPL, (1E X 4%)5'-AGCCTTATGTCG-
GCGTCTTTC-3"; ( Jjz X %% ) 5'-CGTCCCCGTGTGG-
TAGATTTC-3"; Bel-2 #H5¢ X 25 [ ( Bel-2-associated X
protein, BAX) , (IF X 4% )5'- CCCGAGAGGTCTTTTTC-
CGAG-3'; ( Jx X %%) 5- CCAGCCCATGATGGTTCT-
GAT-3'; A T- 7 H i 3% 7% K T 1 (apoptotic peptidase
activating factor 1, APAF1), (1F X 4#)5'-AAGGTG-
GAGTACCACAGAGG-3'; ( Jx X 4% )5’ -TCCATGTATG-
GTGACCCATCC-3"; 40 il 8 £ ¢ ( cytochrome c,
CYCS), (IF X %%)5-CTTTGGGCGGAAGACAGGTC-
3", (2 X %) 5'-TTATTGGCGGCTGTGTAAGAG-3' ; 2f
e IR KA AR 15 9 (Caspase 9, CASP9) , (1E X
#%)5'-CTTCGTTTCTGCGAACTAACAGG-3"; ( Jz X 5% )
5'-GCACCACTGGGGTAAGGTTT-3’,

1.2.4 g de 10, (AR RS 40
HEATIHALAL PR, B fS 1 000 v/min B0 3 min Y HEA
JL o R ACER B Y 40 i BB R T S R B SR AR
FEHATANMITTE AR 5 SR A0 M BB R R vk
H92x10° A/mlo 545 A EAL 100 L 20 A i
IAZ 96 fLAkH, BEANFLH R 29 2 000 >4 Al
IOk, 58 2 R 759080, B R H L LT IR
B, EALIA 10 wl CCK-8 35, IR A 1515
1 96 FLBRICA 37 CHEEAA T, EE 1.5 he K5,
PG AR XA 450 nm A AR I 4 FLIY RO RS, L
VA 0 A ) 1 B RS A O

1.2.5 PRUEEE  HG, BEEBCE RN
i, fef FH FB 2 Y WA TR AL L BE S 1 000 1/ min 1200 3

tative polymerase chain reaction, qPCR)



B EMKRFF® Acta Universitatis Medicinalis Anhui 2025 May;60(5) - 871 -

min RN, KA EE B TG , i BB A R
T AN SR B W R 0.5 x 10° 4/ml, 4%
R 6 FLARPIFLF A 2 ml (AR,
FEFe i E TR A s R . 1R 4S
J& , 4% 11 22 5 B R 00 A0 I 2R A 7 [ g o SRS
R4S s G i A T Y €, o 0 58 S 40 5
WGEEIR I ET 3t AL iy 4

1.2.6 wmpeXlREE 7€ 6 fLA haiie i, fr 4
A A A ) 100% B, 200 pl B 4G 1
A A BT MG TR R R R — R it
IHAERI G (0 h) IRPRENR . #258  BREFRU A
37 CRREFRAA TP AR SIS SR 24 b 24 h 5, TR AH
[ B HEA T4 R A SR R Ve B AR Ak, It
g2 03 i, VAl 4 B B8 15 100 o

1.2.7 wmieiz & 5% 15, EE s K 4
J, i FH R AR 1 BT T AL, BEJS 1 000 r/min 2.0 3
min WAL, 40 M = B T TR0 | 48 i v
VIR R AN R R B E 5 x 100 A/ml, 4R
J& , B 200 pl 4 AR AN A Transwell /NE [ %,
M7E R 2 R 600 wl & 10% 4= 3% i 35 2
234 24 h G FR)E L BUE BE, BT R,
Il AR A8 2 A 488 2 DR JBE 3% T K R 2 328 1 200 i, 4
NS T AR 4% 22 3R R RS [ 2 4 MY 15 min,
BoF5 A TS S e 8, B Je T W B B e 0 )5
(20, FA BRI R T A0 BT 2505 Ge AT o

1.2.8 EdU $é&omlsmiasg s & FHIBEE T 1L 40
#g,1 000 r/min &5.0 3 min WAELNHE, TEIT UG
BEEWSE 8 x 10* A~/ml, B 1 ml ipA 12 FLARH, 40
MuBE SRR G RIS BE 50% B, 4% 18 EAU 4y
B ARSI & AR 5, A EdU TAE# ,37 CH;
FRAEWEE 3 h J5, SRR 4% 25 [ 2 4
Jl 20 min , FH G028 e 6,355 A R R A 2 L 2 3, 54 )3
BWERIFE 10 min, HE A 100 pl Click S Sy
TR G E 30 min, B PR VL 3 WE , BELIN
A0.5 pg/ml i) DAPI iR #EHEHEE 20 min, PE% 3
RN T A G A N S A

1.2.9 Annexin V-FITC/Pl &m o8 4 F G
AL, 1 000 v/min .0 3 min WAL, R IT
KOG R B EWE 8 x 10" 4~/ml, B2 ml fill A 6
FLAR , 20 L5 7 40 b5 SR 2 Al A BE 70% B, A
JRTFSCEE AN, Fe R E R A211-01 U BH A5 147 Yy
8, 3 LS 40 it 0 T

1.2.10 Tunel & FAEEEHEALA00E,1 000 1/min
B0 3 min AR, SR AU R BEAR B R Tk 8

x 10" 4~/ml, U1 ml JA 12 FLAR, 4i A 8% 77 46 % 97
YN A FE 50% B, $e BRG] T e 0, Je s
AR 130 B S P A T4

1.2.11 FaMmEAkmimnsi  HT % LONP]
(1) JORE H S50 BT 5 106 8, B R R A A
pLVX-IRES-Puro Z&AAHT, B 5, JRRSZ 25 4t it v H2
JEORL, a3 U P AL P A B TR 1 . ZERfRIA TG R
J&i {8 FH PEL RIS 293T AUt ATiE e, #5Y45 , 5
JIFE 24 h A1 48 h WA BE W, Bl S FH 32006 1 MRk
Hep3B 1 HCCLM3 4 if, 7r /e ik 72 v, A i Jgk
L7 polybrene Dfid mife Yl A it
WER 25 3R A T 2 , LTI AR R e e e () A A o
1.2.12  Jf4m i, LONPI S > S A 38 Ao AT I 4% 5k
@l F A% LONPI-flox /ML Alb-Cre /NEAZTE,
2133 flox/flox 7 Alb-cre /INERL, BIFS- 3] S48 g
LONPI GBR /N o B 6 R 1y e B IBC0E 20 2 42
B RNA £ 50 A 0 e AR ) 28 R T ST o
1.2.13 %t 5 &2 i Graphpad Prism9 % {4
WATGE o b, LB B/ T 3 W IERST
A B 5 22 55 WAL IR PR R B {8 LA T o A, AP <
0.05 K2 AT L,

2 HR

2.1 LONP1 #Z£ HCC HEFRIE AHF5EI2E T 20
B TE 5 A FE 41218 HCC 95 A B9 IF 98 4141 RNA,
qPCR 45 2R 75 HCC ZH 21 LONPL AHXS T 1E % JiF
JELH A T i 38 KF- (1 =2.91,P <0.05) (&
TA) o G BRI 1 12 A~ 1E 8 4 4UR HCC 41
21 LONP1 /K, 455 s HCC 4141 LONP1 3%
KK (1=7.82,P <0.05) (& 1B) .

2.2 BiP& LONPI %t HCC IS EEIEm H 1
PRIE LONPL XoJ 192 200 W 184 58 1 52 Wi , A< F 5 FH 2 4
J& RNA 95 1 /2% 4% HEP3B 7l HCCLM3 JH-Ji 241 fifl &
A LONPI G R % A0 M AR, 38 o 692 B3 56
qPCR B53F T LONPI @i F%50% (18 2A 2B), CCK-8
SEEREE AL R A X IR, HEP3B il HCCLM3 4
Ji LONP1 i [ 20 9 40 i 3% 0 7E 24 ~ 96 h B %A%
(tyepss = 5.37.7.14 10.78 [ 18. 72, t,00ns = 5. 020,
13.44 13.22 17.54 3 P <0.05) (K 2C) ., AR vaks
SLERLE R B HEP3B D) )z HCCLM3 4 ffd LONPI 7
R J A e s AT RS H W S k2 (£ =27. 91 .20. 68, 1
P<0.05) (& 2D -2E), EdU 4505545 K27,
LONPI T [ o 40 i 33 58 22 T % BR2H (1 = 26.76
10. 14,P <0.05) (& 2F) ,
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Fig.1 LONPI1 was highly expressed in HCC
A: The relative mRNA levels of LONPI extracted from normal liver tissue and HCC tissue (n =20) ; B: LONPI protein levels extracted from normal

liver tissue and HCC tissue (n=12); * P <0.05 vs normal group.
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D E
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B2 LONPI bt BT 40 B R IEERI S0
Fig.2 The effect of LONPI knockdown on the proliferation of liver cancer cell lines
A Western blot validation of LONPI knockdown cell lines; B: qPCR validation of LONPI knockdown cell lines (n=5); C. CCK-8 assay for cell
viability in 3B and LM3 knockdown cell lines (n=5) ; D: Cell colony formation assay in 3B knockdown cell lines (n =3) ; E; Cell colony formation as-
say in LM3 knockdown cell lines (n=3); F: EdU assay for cell proliferation in 3B and LM3 knockdown cell lines ( x4 , n=3); 3B. HEP3B cells;
LM3 . HCCLM3 cells; * P <0.05 compared between two groups.
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2.3 LONPI gipext HCC A EHEIRm H T
R9E LONPL X JH-98 41 ML 7 152 1), ABIF 5 FHAG) 32
Iy LONPI @Ry HCCLM3 kAT 20 i S IR 52 5
N Transwell 5255 20030 52 50 45 5 7, LONPI
B ) HCCLM3 4 it f 40 i G 3 B 18 T % iR 4
(1=3.64,P <0.05) (] 3A) . Transwell SC 5% 45
.7~ LONPI %) HCCLM3 4 fifs AH [8) B[] Py 28 3
Transwell /NaE BB E MK T X RE4 (1 =13.74, P <
0.05) (E 3B),

2.4 LONPI B SEMEAT @EKILE ATk
—PHRSY LONPL Wi 50 JE20 i, A< A58 R H] Cre-
Loxp RS04 8 T 240 s LONPI 2% 4 i B M /D B

A LM3-control LM3-sh

40 r

S

-

g

.20

g
S 10f

24 h &}

0

LM3-control LM3-sh

(E14A) . BEEWIR 6 il LONPL G FRuE A 6 Ji
YA HEP A TR RE/ N B S I 2 242 B RNA 3% RNA )
J¥o EBGT AT B A MR A B E 2SS
(E4B) o bR/ B AT T X B AL/ N A 1177
AFEFETIE L1610 NIEFE I (E4C), 2RKRE
I3 M R U T 08 A D e LONPT i/ B 1 i
(E14D) . XEELEREER LONPL Fk LT E
AL PA TG R

2.5 LONPI @i SEARAMBTIEE HTH
UE LONPI i I 40 M 08 T 02 5 38 o, A58 R
qPCR Z53iF HEP3B i1 HCCLM3 4fifif RNA Ty 14
KK ] qPCR 45 % i 7 HCC3 B [y LONP 1 i [% 4

B
800

)
§ £ 600}
g o

=}
- S 400 *

&

g
= = 200}
[ae) Q
=
-
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LM3-control LM3-sh

E 3 LONPI g3 FrEAMm AT BAIHm (n=3)

Fig.3 The effect of LONPI knockdown on the migration of hepatocellular carcinoma cell lines (n=3)

A A wound healing assay was performed to validate the effect of LONP1 on the migration ability of LM3 cells x10; B: A Transwell assay was per-

formed to validate the effect of LONP1 on the migration ability of LM3 cells x10; " P <0. 05 compared between two groups.
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4 FF4EBE LONPI SRR RATIEARERANFER (n=3)

Fig.4 Transcriptome sequencing results of liver tissue from hepatocyte-specific LONPI conditional knockout mice (n =3)

A Schematic diagram of hepatocyte-specific LONPI conditional knockout mice; B: Principal component analysis of transcriptome sequencing results

from liver tissue of hepatocyte-specific LONPI conditional knockout mice; C: Volcano plot of differential gene expression from transcriptome sequencing;

D: Heatmap of gene expression in the KEGG apoptosis pathway ( mmu04210) from transcriptome sequencing; WT: wild-type mice; CKO: LONPI condi-

tional knockout mice.
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Fig.5 Enhanced apoptosis in liver cancer cell lines with LONP1 knockdown

A: qPCR of apoptosis-related genes in liver cancer cell lines with LONPI knockdown (n=5); B: Annexin V FITC/PI flow cytometry detection of
liver cancer cell lines with LONPI knockdown (n=3); C: Tunel staining of liver cancer cell lines with LONPI knockdown;3B:. HEP3B cells; LM3:

HCCLM3 cells; * P <0.05 compared between two groups.

JLER) U T2 AH OC Ji Pl BAX (APAFT [ CYCS [ CASY (1t = I3RS LONPI R e 1) 40 i 29 0 L B vy 19 400
10. 18 22.71.8.47 .9.33,# P <0.05) ) J&z HCC3B M T2 (1 =7.28.5.13,# P <0.05) & 5B),
(%) LONPI G [ 44 M 0 1 T2 AH DG ) BAX (APAFI | TUNEL 3% 4 {5 7k LONPI o [ 4 M i) 0 T 3 5 (&
CYCS,CAS9 (1 =4.58.8.99,12.89.6.54, 1 P < 5C),

0.05)F k5% (K 5A) ., Annexin V-FITC/Pl iz
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3 g

VEIERREAH DT T (0 5 = R BB, HCC E 8k
SRR A A R R R 2R TR SR A R R
Ay in ), R T AR R I 2 1 R R AR — E TR
REK T HCC B 1 SR A9, {2 HCC 19 &
FRRICRARE S AT, Im R AT 6 = 97 8500 &l
YERVINBIBIT 2549 . TRIIL , ¥ 3 HCC (1) & LTI AN
HHRTETT SR I R HCC H 3 i A fwi s B
FEE N,

JHE I A2 A B K AU 5 B, BB A4 I 4
(R 1), MYE B AE Zonn AR L ot b i e ki 1A 2R 1
fit} LONP1 J& 2 bi {AR (% FH 2L A 4y, = LONPL 23
HUAPR M R G IR A v AR 2 RS
R RS FRAE ) CODAS 224 4E™ ; LONPL [ T
KAEE I REE 2 41, LONPL 9k 3iF 52 2 A8 &
[P Bz LONPL XbF2obifh 20 T AT
SR 1 T B A L A B R IR R 25 1],
AHFFE S 45 5 R, LONPL 75 AT 98 20 8Ll 26 ik 7K
i T A8 T — M Pride B4R E
(PXD006512 ) () £ [ 5T 41 £ 4 o 42 B 101 f51] HCC
PRI 2R 98 1] HCC i 55 4H 211 LONP1 25 11 7 &=
HABEFE 73 B & B, LONPL 7E HCC Js 0 21 i 36
(P <0.05)" 0 gk 21 1 BF 98t 8 R,
LONP1 25 [ 7E HCC J 41 23 rb 1 BH P 2R 0k 38 W 3
TS, XL G RGR —3. 1
Ah, & E 1 7K % BK B P ( caseinolytic peptidase P,
CLPP) 1 J& —Fh Lk (4 25 1 i, CLPP A1 LONPL 2H
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The expression of LONP1 in hepatocellular carcinoma and its effects
on the occurrence and development of hepatocellular carcinoma
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Abstract Objective To investigate the expression level of LONP1 in hepatocellular carcinoma (HCC) and its
impact on the occurrence and progression of HCC. Methods The expression of LONP1 in human liver cancer tis-
sues was verified by real-time quantitative PCR (qPCR) and Western blot. LONPI stable knockdown Hep3B and
HCCLM3 cell lines were established, and the effects of LONP1 on cell proliferation were explored through CCK-8,
EdU incorporation assays, and colony formation assays. The effects of LONP1 on cell migration were assessed using
scratch and Transwell migration assays. A Cre-Loxp system was employed to generate LONPI conditional knockout
mice, and transcriptomic sequencing of liver tissues was performed to explore the impact of LONPI deficiency on
liver cells. The effects of LONPI on apoptosis in hepatocellular carcinoma cell lines were explored using Tunel stai-
ning and flow cytometry with Annexin V-FITC/Pl. Results Western blot and qPCR experiments confirmed the
high expression of LONP1 in human liver cancer tissues. Colony formation assays revealed that the number of cell
clones in LONPI knockdown groups was significantly reduced compared to the control (P <0.01). CCK-8 and
EdU assays demonstrated that LONPI knockdown cells had a significantly lower proliferation rate than control cells
(P <0.01). Scratch and migration assays showed that LONPI knockdown liver cancer cells exhibited impaired mi-
gration compared to controls (P <0.01). Transcriptomic analysis of liver tissues from LONPI conditional knockout
mice indicated that LONP1 might affect apoptosis pathways in liver cells. Tunel staining and Annexin V-FITC/PI
flow cytometry showed that LONPI knockdown increased apoptosis in hepatocellular carcinoma cells. Conclusion
LONPI is highly expressed in liver cancer tissues. The knockdown of LONPI in liver cancer cell lines promotes cell
apoptosis and inhibits cell proliferation and migration.

Key words LONP1; hepatocellular carcinoma; apoptosis; mitochondria; RNA sequencing; lentivirus infection
Fund programs National Natural Science Foundation of China ( Nos. 82120108012, 81930086 ) ; Clinical Medi-
cal Research Translational Project of Anhui Province ( No. 202204295107020008 ) ; Natural Science Research Pro-
ject of Anhui Educational Committee ( No. 2022AH010070) ; Outstanding Young Talents Support Project of Anhui
Province ( No. 2408085Y041)

Corresponding authors Xu Denggiu, E-mail ; xudengqiu@ 163. com ; Sun Beicheng, E-mail ; sunbe@ nju. edu. en



