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JT21 e ( hepatocellular carcinoma, HCC) J& 5
RAEI e WTE Rz —, HIE TR 5 25k i
FHORBET MR HLAL, FLARAEAFRAL N 219% o 54
B8 ( camptothecin , CPT) Vg4 4 M5 A4 T T Y41 551 ,
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WS> 0] LIRS ] ASGPR 3244, R LA &4
() LNPs 25 5800 7 JHO0F 9 40 e A 8 1) 14 Ky
I, AT ST i %5 LA B4 i LNPs 22 miR-145/
CPT, DLSE BUHE [a] 5T AF T, W] I FE LNPs A 5 A
ELHEIR ( gadoteric acid, Gd-DOTA ) DL 52 Bi AT 982 11 R
FEHRE $i4% ( magnetic resonance imaging , MRI) B 414k, .

1 HRSHE

1.1 #E5{E  Gd-DOTA (75 % ¥ 5 WA R
3] ) s LA B 04 8 1] B 5t 44 K UKL ( LA-CPT-miR-
145-Gd-LNPs, LA-CMGL) |, JG #8442k i J5T 44 K i ki
( CPT-miR-145-Gd-DOTA-LNPs, CMGL ) % #1 i} 2. %%
CPT 8% 401 K iR LA-CPT-LNPs |y 2 # 15E F} 2
2y B FRAE s HepG2 4% . HepaRG 41 i i
CrPRMBE A= Pk 2 5 A A= 02 WS ) o KR
JEHAL 73 BT AL (Nano 7890, 2[5 Malvern 23] ) 5 i
ALY ( CytoFLEX, € [E] Beckman 23 7] ) 5 0t 3t
A I (LSMB80, 2 [F] Zeiss /A ] ) 5 i 5 L ik
%% ( Talos L120C G2, [E Thermo A ) ;3. 0T 4
By MRI(E[E GE A7)

1.2 Sz MEPE CSTBL/6 /NERL 120 B, H i
12.d, (12 £5) g, il T L BEFRER =L R s P
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Lo WP C IS ZRER R = SR sh Y e 32 O
2 A (LS LLSC20221110) ,

1.3 XWHZE

1.3.1 LA-CMGL #94&  RH ZWEfi B i 4 171
K miR-145 [T o A 5 IR EL A A R 1003
DS % FE /K M ( DLin-MC3-DMA/DSPC/Chol/LA-
PEG = 50/10/38.5/1.5, mol/mol ) , CPT F1 Gd-
DOTA A fRAE L EEH , miR-145 ¥ f#AE 10 mmol/L Fy
BIRZE il (pH 4.0) vh o 45 R AR R LG O
301 KO PREIR G, 19 B i & BTy 40 ¢ 1
(EIgBY miR-145)  ZFREIEE 10 min 5, EHTER
FUFBS ) CGENTI: PBS; 1 6 h B4 1 %) , i ]
BEHTAR(MWCO: 30 ku) ,$74E 24 h, TG RA
PR R S AN R R LA-CMGL,

1.3.2 %4e

1.3.2.1 RLARAMMT SR HANKRLBE 1 A 43 BT A
(Nano ZS90, %% [E Malvern /3 7] ) X il £ i B LNPs
VMRS AL L e 203 B Bt A TR I, BAAR D
BEAR B ml 4541 LNPs 350, R FH 8l 806K
5% (dynamic light scattering, DLS) Il § LNPs 745
KN AN 22 73 HiCHE 8, I 4 i 78 90 4 5% {f LNPs
VW S 0 Hl

1.3.2.2 @4t @S 7 260 (transmis-
sion electron microscope , TEM ) X} il £ 47 i) LNPs 3
T SORAR LGS, FAARSRAE D BR AT < 6 LNPs I
TR 215 T INAE B /9 230 B 41/ _E, W25 3 min
J5 B U CE DR AR b B AR T, R TS T
HLBE ™ A IR 3 Mok Az

1.3.3 @i L

1.3.3.1 HepG2 A3 EL LA-CMGL  BUuH A= K
W20 LA R FL R B 2 x 10° -6 HepG2 41 ffg Al
HepaRG 4l it 73 73| & Fh T 3 3 IS L R A /b L, &
T37 C 5% CO, MR FRAE IR 24 h J5 BBy SR
I m A CMGL } LA-CMGL, ¥53% 6 h |5, H# %
HFRI L PBS PRI 2 Ik, BT HOLIE R A B AT (Ta-
ser confocal microscopy, LSCM) T WLZZ 4 Jifd % LNPs
R ER IBC I A0, , DN e 400 ) S s 1 AR — B
1.3.3.2  JisU4niiARPEAG LNPs 480 Sy 13k
— 2514 HepG2 40 Jia %F LNPs 1445 B 08, F1 7%
AR5 B ASCRS: DU 448 A %) LNPs f 48 32, DL gL
W 2 x 107 N4 HepG2 40 F2 A T /N FLAR RS 57 1L
H, 8T 37 C 5% CO, E TR SR 24 h 5
Bl R, 3 A CMGL . LA-CMGL, 5 % 24
h J& , IR FERE TR, PBS P 2 U, B.O W i, i

AR RS I B R O X A R ASGHE A T 2 i B
1537

1.3.3.3 qPCR 40 S ZHZL N miR-145 & 5
PARRFLURE 2 x 107 4K I 4 HepG2 B i # JiF
Y}l HepaRG 43 5| 4280 T /S FLARBE FRIL 45 55 24
h J& B 4 15 55 3, 25 fL 2 9l i A Free miR-145 |
CMGL fz LA-CMGL, 3555 6 h J5#2H RNA; 4121
miR-145 & &38R # ki3 5 Free miR-145 .CMGL
S LA-CMGL Ji5 B 8 198 20 20 S0 55 21 2000 4,
Z: i microRNA $EHH £ 100 B 5 $2 A it S 20 48
UEL RNA, 2 BRG] Gk 4T PCR 7155 5, DL U6
S50 miR-145 754 B 4 2 AR 2Rk K

glz[S]O
1.3.4 IK&HIBEE
1.3.4.1 4UfesesE R R CCK-8 y&i

FE AR B HepG2 ZHia43>k PBS 41 .CPT 4 |
LA-CPT-LNPs 41 fil LA-CMGL 41, 4 4| CPT &
WHEHR 10 pg/mlo K Ab T3 HE K I B R 2 x
10° /4~ HepG2 #i f 4% Ff T 96 FLA H, 5597 24 h
Ja oA RS, k215 9% 24 h, SR G R
CCK-8 {f FHULIA 5 EA T IS Se BB , 76 450 nm Kb &
CCK-8 WM A, P15 4 Y 3 B4 il 3%
1.3.4.2 4T R0 IBFLWRE 2 x 10° 4
¥ HepG2 A B Fh T NfLBUS FR LA 55 975 70 N
PBS . LA-CPT-LNPs, CMGL } LA-CMGL 41, [ 4 fL
H AR R R, FER5 7% 6 h 52 B0 RNA 421K
BH AU BRI S RNA B2 B 0] &4 T
PCR "1 E & , 8 -3 A Cleaved-Caspase3 ( C-
Caspase3) J¢ Cyt-c FHFPFAl LNPs X 240 Jifd (1) 47 fifr e
RO, LA Bractin S P2, R 272K HUBR AT M A4S
SR FE L SLHT AR E NCBI 18R H 5ok
)75, 38 Primer 5 84451519, i 1A T
B, ARG P 2 1,

®1 3¥F5

Tab.1 Primer sequence

Primer
Gene Primer sequence(5'-3")
length (bp)

has-miR-145  CAGTTTTCCCAGGAATCCCT 20
C-Caspase-3  F:GCTCATACCTGTGGCTGTGT 20

R:TCTGTTGCCACCTTTCGGTT 20
Cyt-c F:GGGCGAGAGCTATGTAATGCAAG 23

R:TACAGCCAAAGCAGCAGCTCA 21
B-actin F:GATGAGATTGGCATGGCTT 19

R:GTCACCTTCACCGTTCCAGT 20
U6 F:GGAACGATACAGAGAAGATTAGC 23

R:TGGAACGCTTCACGAATTTGCG 22
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1.3.4.3 sl i/ BB R S7 SaRyr R
N-— 2 FE W A% ( N-diethylnitrosamine , DEN ) + U4,
ALH#% ( carbon tetrachloride, CCl,) I8 1 515155 IR
{7 FFPER /N B R BRI S AR N L
BEAL Ny 4 A (B4 12 ), A5 28 J 3126 36 Ji,
T J 2 Y ik Rk o> 51 T PBS  CPT (LA-CPT-L
1 LA-CMGL, H:/ CPT ¥k £}y 10 pg/ml, miR-145
W 100 nmol, - 38 J&] J5 Ak AL /1N B I HS T 2H
LIAT IR SRS AL PR

1.3.5 MRI

1.3.5.1 &M% % Gd-DOTA Fl LA-CMGL
Wit 40 % ¥ B N 0.0.01.0.02.0.04.0.08 A1 0.16
mmol/L, & A 2 ml [&]Ji¢ 2.0 45, o FH 22 4 £k el 7
1. 5T MRI F47 B Ji€ [ Ji% ( spin echo, TE) TIWI 5
i, Bl ) E] (echo time, TE) A 8.8 ms, B & [} [A]
(repetition time, TR) i% & >4 300,500, 600,800, 1
000 ms , SR AR AR G5 I E 155 59 B2 3 H 58 T
1B, W01/ T1 AR, HZR AR R Ry X6 HE R ) il
8

1.3.5.2  Zijfd MRL ¥ HepG2 4iifa 1 HepaRG 4
5% Gd** #7] Gd-DOTA ,CMGL #i1 LA-CMGL 7
37 C R4 308 12 he MEHES ARG, A PBS U

A
LNPs solution

oo}

25

20

15

10

Number(Percent)

1 10 100
Size(d.nm)

V2 UGRIE R AR ) 2 ml [ RSO P AT 4R i
MRI, f] Gd-DOTA Ji 75 B AE g xof BRAL, 2805

ERBHHR
1.3.5.3  {KN MRI # | % %49 LA-CMGL , Gd-

DOTA F1 CMGL 75838 3 2 i ik i 56 A g A28 /N
BUAC , Horh Gd* " e JiE 40 wmol/ ke, £ /) LK B
1£ 3. 0T MRI HF i 5/ S S5 5 min 17 TIWI 45
Hii o

1.4 ZEits4bI2  SRJH SPSS 22.0 #fF T4k 3
FEREE . A BRI « £5 Fon . miR-145 (&P
FIRSMF IR 11 H R M ST FEAS ¢ R 56, 240 fif 41
12 e 4 M mRNA 223K K F- g > ik 1
FUR T/N 1 H 55 R B R 25 25 40 BT (ANOVA)
P <0.05 £/R2ESA G ERE Lo

2 £#R

2.1 RfE LA-CMGL {4 s = WE 1A iR
T RSCRLEACINAS LA-CMGL - ¥Ri458 4y (165. 2 +
9.83)nm( & 1B) , 24838500 0. 193, Zeta HL{7 K
(=3.58 £0.65) mV,; i o i7F 5 H 55 W52 51 LA-
CMGL NJE 2552 4 HL I 51 0 B2 A8 3 oy T 4544, TE
UL C TR o UE B B By A i LA & 4 1y HL A 4

Citrate buffer

Self-assembly

1000 10000

E 1 LA-CMGL H& B &R
Fig.1 Synthesis and characterization of LA-CMGL

A: Synthesis steps and schematic illustration of LA-CMGL; B Particle size and distribution; C: Transmission electron microscope image.
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i HE /1 1 LA-CMGL,

2.2 HEERUNER HOLERELERER,
HepG2 4ff g X LA-CMGL ) #% Ht & B g & F X
CMGL 4 #5 BU &, 290l HepG2 4ii Jfd N LA-CMGL
2 miR-145 (ZL0) 93¢ 61 CPT (5 (5) 9258 J3 B o
(B 2A) , 1 HepaRG 4 i X — & i) £ B 42 TG B ik
255t , H HepaRG 41l Jifd N 19 £1 €8 F1 2 £, 5% S 538 13 B
WA T HepG2 4iiffd N2 o8 EE (5] 2B) .

i o 3 A B AR A HepG2 2 fifd X CMGL
LA-CMGL [WHEIBCR AT LLULER 3, I8 20 i HoA 4
[l HE J1 1) LA-CMGL 1) £ Bt 2 B 2 K T CMGL 44
(EI3A),

qRT-PCR 4553 on , =41 1B 4N Py miR-
145 AEXF IR 5 YA T 98 20 M, EL 76 98 20 7 )
miR-145 )ik &) % 5 LA-CMGL > CMGL > Free

miR-145 ([€ 3B) s 741 PR EE I AT AL miR-
A miR-145 CPT Merge

CMGL

LA-CMGL

145 () &Rt W S & TR 55 41 4, HL7E i 4 4
LA-CMGL #{ &k & f i (B 3C) .
2.3 hEHRMEIER
2.3.1 RSMPR AR SR 24 b g, i
B CPT 4 . LA-CPT-LNPs 44 il LA-CMGL #H () 3% 5
R4 B (22.16 £1.32) % (41.27 £2.21)%
FI(61.85 £2.57)% (K 4A) , 2B G245 L (F
=74.91,P <0.01) .

585 CPT K& LA-CPT-LNPs 4 He 4 (& 4B)
LA-CMGL 2 C-Caspase3 Fll Cyt-c FE£[H ik i #& It
B (F=50.62.41.08, P<0.01),

2.3.2 WKRAWRMEBAAER W REIKES S
TALRI G YT 259, 5 55 F X R4 b8, LA-CMGL

LG O fek T CPT BA S S 25 A P Rg 00 il £ A e
TAECCIELSB) KA (AR (B SC) WY AR T AH 1 )
MR, 2 A B L (F =14.68 21.23, P <0.01),

B miR-145 CPT Merge

CMGL

LA-CMGL

2 WHMAERT CMGL & LA-CMGL #iRE L&
Fig.2 The cellular uptake of CMGL and LA-CMGL in HepG2 and HepaRG cells

A; The confocal laser scanning microscopy images of HepG2 cell (scan bar =20 wm) ; B: The confocal laser scanning microscopy images of HepaRG

cells (scan bar =20 pum)
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o
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Relative expression level of miR-145 ~
¥

1k [l

miR-145  CMGL

CMGL LA-CMGL LA-CMGL

3 CMGL/LA-CMGL Hyf 5 Rt P SR ER 2 i
Fig.3 The uptake rate of CMGL and LA-CMGL in vitro and in vivo

A: Fluorescent intensity of miR-145 in HepG2 cells by flow cytometry; B: Comparison of expression levels of miR-145 in normal liver cells and liver

cancer cells; C: Comparison of expression levels of miR-145 in paracancerous tissues and cancerous tissues;

<0.001 vs Paracancerous tissues.

*** P <0.001 »s Normal liver cells; P
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Fig.4 The effect of LA-CMGL on the growth of liver cancer cells
A Inhibitory rate of cell; G1: PBS group; G2: CPT group; G3: LA-CPT-LNPs group; G4: LA-CMGL group; B: The relative expression levels of

C-Caspase3 and Cyt-c mRNA in HepG2 cells by qPCR;

A 1 XDEN
(25 mg/kgi.p.)

2 X CCl,/week
(0.2 mg/kg i.p. in olive oil)

**P<0.01,***P<0.001 vs G2 group; P <0.01 vs G3 group

2 X Lipid nanoparticles/week

week 0 2 8
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Fig.5 Number of tumors and tumor size in HCC mice after treatment

A Schematic schedule of HCC mouse model and administration regimen for therapy ; B: Number of tumors after treatment; C: Tumor size after treat-

ment;G1; PBS group; G2: CPT group; G3: LA-CPT-LNPs group; G4: LA-CMGL group; * * P <0.01, * * * P <0. 001 vs G2 group; *P <0.01 vs G3

group

2.4 MRI J+E AR E GA ik BE B LA-CMGL
F1 Gd-DOTA > i {5 = 58 BE , 1155t LA-CMGL #il
Gd-DOTA (211574 343 514 9. 379 mmol ™'« 57!
F12.825 mmol ™'+ 57! (1% 6A .6B)

H T ASGPR 4 3 1% N A7 /E FH A 82 il LA-
CMGL 1% 4 ff PN 8L, 380 30 XA [A] 2 1% HepG2 241
SEFEF 12 h I MRI (55 HORPE A0 Gd* 145
B, TEMEIR) Gd* ¥ T, LA-CMGL £ HepG2 4 Jid
WX MRI {55t CMGL & Gd-DOTA 515 £ (
6C) .

LA &M 1 A2k 24 i o 44 K 0kL LA-CMGL 47
JEF KR ST, W% 3 b 30 2 5] I e Ak (&
6D) ; M2 T i FXT HL ] Gd-DOTA 2H % CMGL 4 fih
AR R HRE WoR AN, HAHE T Gd-
DOTA 5 CMGL 41, LA-CMGL [ T/N B g % & (
6E) , S HGiit2¢E L (F=114.5, P<0.001),

3 g

AT 250 (A TR 24 P2 52 W BT A e T 7 R Y
FHFNZ — miR-145 ZmiRNAZE K — 51,
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A Gd* (mmol/L) C
0 0.01 0.02 0.04 0.08 0.16 Gd-DOTA CMGL LA-CMGL
Gd-DOTA
LA-CMGL
SI=1125 SI=1238 SI=1659
B E
® LA-CMGL . P
®m Gd-DOTA i
1.0
0.8
— — —
o 06f 2, =
E oaf
02
0 1 1 1 1 1 1
[Gd3+](mmol/L) Gd-DOTA CMGL LA-CMGL
D
Gd-DOTA CMGL LA-CMGL

B 6 Gd-DOTA #1 LA-CMGL By} [ 5th 75 2= Az /s R AT MR 158
Fig.6 Longitudinal relaxation rates of Gd-DOTA and LA-CMGL and enhancement MR imaging of HCC mice

A: TIWI images of LA — CMGL and Gd-DOTA at different concentrations of Gd** ; B: Longitudinal relaxation rate curves of LA-CMGL and Gd-

DOTA; C: Tl-weighted MR images of HepG2 cells incubated with Gd** solutions ( Gd-DOTA, CMGL and LA-CMGL) for 12 hours; D: TIWI images

of Gd-DOTA, CMGL, and LA-CMGL after injection; E: The ratio of tumor tissue to normal tissue after injection of different LNPs solutions

0. 001 vs Gd-DOTA group; " P <0.001 vs CMGL group

Bl AL s v 37 30 I 9, ke i 22 Hb A
R R R AT IR 25 1 SR T
&b, HepG2 4l miR-145 {321k B AKX T 41
13k miR-145 R] DL ik I8 20 A AR DG A 1)
IR FE I HepG2 AU Ay HEFH . /S5 miR-145
FEVET AN A R B B EE MR, (H L 2
VERB—IGIT I E B GIG YT, EAE R 0 FRIT
SRR AR T R . L, miR-145 Hi i
T IS AR R 2R NG PR FH (B A5 A
ARWFFE 45 T —Fh I F MC3 ) LNPs, T4t

wEEp oo

#37% CPT/miR-145 DA [w] ik 52 30 JH-968 1 A0 97 25 49/ K&
RIS HE AT o 1% LNPs NERIE S5 E , AR
220 165 nm, A WFFE FW],FH HAEY 200 nm
(Y AN KL~ PRLELAT B 174 L VRO BB 1) A6 B )
%A A WA P T 5 5 9 ) v 38 3 K i R
R (enhanced permeability and retention, EPR) 7F
RO s w AR . IO, UL R B SRR, 5
LA-CMGL 55355 , A 40 miR-145 K CPT
P e Bk S o e DR ERVE ) U N3 M
SR WK, HepG2 4 Jif xh B AT # 15] 14 /) LA-CMGL
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(MR IS RE F1 B B F CMGL 41 e % R4l . |k sg
s R 25t LA B J5 , LNPs A D@ 2o #0 fi fiF
e 210 0 % T e 23K 19 ASGPR A7 {4 1 % JH-9 41 e
STHNFRES . R THE—21F 4l miR-145 (1442 i) 56
LR, R H gPCR 5 T miR-145 7 i 41 ffd Al
HAP &, S5, miR-145 78 1E % T 40 i
AR IR T v TR A, in A LNPs 55575,
a4 B H miR-145 (1) & 1K 1 6 08 /& 1 1 5 40
it s 78 Sh 4 S 06 v IR 2 A e, XF IR 4 Jx CMGL 41 J
U2 miR-145 AT & B B & TR A4, i
i B ERkE ST LA-CMGL J5 , 35 412 miR-145 A%}
R TR AL L, A ST A R
#5119 LA-CMGL AT [ 40 #8114

ABF5E(# ] CPT .LA-CPT-LNPs % LA-CMGL 5
MR FE 24 b J5 UEAT A0 MLB0 R R I E . 4
IR, LA-CMGL X§ HepG2 4fi itl ¥y 3 8 #1l 1 %
(61.85% ) % }if B CPT(22.16% ) 8} LA-CPT-LNPs
(41.27% ) B AW . X T LA Bl LNPs 1]
DA 30 3 0 ) 9 % T 2 635 1) ASGPR 3244, M
S £ 1) LA-CMGL 3 A BT 98 40 i - B i CPT 1
miR-145, ¥ 1 7= A 8 4 19 B 6 3R 97 SR C-
Caspase3 [ Cyt-c JEAG A I8 1= /KF- 19 % FH G5
ALy H 4% 20 LNPs X HepG2 4I AL 08 -1 I 45
ZFEHH, & 4H Caspase3 Fll Cyt-c /K -4 &, {H LA-
CMGL Z1fi /] T- RS AR F s i, X Se 2 IR My m 3k
], CPT A1 miR-145 B4 8RBT B T30 2
CPT =¥, LA-CPT-LNPs,, JySZBUIG IR AL H i, 4
WFFEE— 2 AT TR N S250 , AR FT I S B 25 21, ok
A 10 wg/ml CPT 100 nmol miR-145 3 i B ik 3
S TR RIGIT ) 16T 45 K5 LA-CMGL 44
i ged 50 i g /| g AR B g /N, 1 — 2B 1 B LA-
CMGL #5747 1) CPT Fl miR-145 Lt B 24X HHeE A 5 4
IR VE

MRI F ARAE I -2 Wi A0 5 13697 ik &
FEEAON TR . Xk R 068 FE AR KSR v
LR RS L, 4R R XA S A R . E G
I PR A 22 (6] EE ) 2 B /N 7 Gd™ B
Yy, ELA R YA B B ) 2 L 52 R AR | Bl = 1) o S
Besio KK Gd¥ %4 81K F ik EME ST
TRE, B 0 2 M K Y it B R $2  MRT 1)
RPPE ARBFFEA A LA B4 (17 ¥E [ LNPs (1) 5th
BRI S T Gd-DOTA 33X 2 1 FA B X EL 7 {4
FRAFAR e 2 T 3R NG | T P ) A K, R L /K ot 7
s R B E R A, FEAR G W E T,

LA-CMGL 7 HepG2 4ififi /¥y MRI (%240 k. CMGL }%
Gd-DOTA {145 . (KN SEE ik SE LA-CMGL X}
g S BT 1) S AR O B I 3 T Gd-DOTA J Jf #Et i
M, GXTHRZL AR LE , e 5 52 B ER 43 T/N LB
BIE . UEETRERY] LA-CMGL B R 471
FEA LU A M B LA-CMGL 78 JIF 4 i HE FL B 5%
K FrEete , AR TR P S 7 4%, X2 h T LA
&4 LNPs Ji5, R LA ) T8 53] JH- 96 40 B 2% 10 5 3% 38
() ASGPR “Z 1k, T H B8 2 1) Gd* 38 2% 22 b ia 240
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Co-loaded with miR-145/CPT nanoparticles for targeted delivery

and magnetic resonance imaging in hepatocellular carcinoma
Rong Jing', Liu Tongtong®, Yin Xiujuan', Zhang Lei’, Wang Xiao'
(' Dept of Radiology, The First Affiliated Hospital of Anhui Medical University, Hefei 230022 ;

*School of Pharmacy, Anhui Medical University , Inflammation and Immune

Mediated Diseases Laboratory of Anhui Province, Hefei 230032)

Abstract Objective To develop liver cancer-targeted nanoparticles (LA-CMGL) co-loaded with miR-145/camp-
tothecin (CPT) and assess their targeting specificity, combined anti-tumor effects, and magnetic resonance imaging
efficacy. Methods lLaser scanning confocal microscopy and flow cytometry were utilized to evaluate the targeted
uptake of lactobionic acid-modified and unmodified nanoparticles by HepG2 cells and HepaRG cells; quantitative
polymerase chain reaction( qPCR) was employed to assess miR-145 content in tumor cells and tissues. The cytotox-
icity of CPT, LA-CPT-LNPs and LA-CMGL on HepG2 cells were assessed using the CCK-8 assay. qPCR was also
used to evaluate the effect of CPT, LA-CPT-LNPs and LA-CMGL on apoptosis of HepG2 cells. MRI was performed
to measure the relaxation rate of LA-CMGL and evaluate its targeting imaging effect on liver cancer cells. Results
The uptake rate of LA-CMGL by HepG2 cells surpassed that of CMGL significantly. The relative miR-145 content
in liver cancer cells and mouse liver cancer tissues in the LA-CMGL group was markedly higher compared to free
miR-145 and CMGL groups (P <0.001). The apoptosis rate of HepG2 cells in the LA-CMGL group exceeded that
in the CMGL group and CPT group (P <0.01). At the same Gd* concentration, the relaxation rate of LA-CMGL
significantly surpassed that of Gd-DOTA , and the MRI signal of LA-CMGL in HepG2 cells markedly increased com-
pared to CMGL and Gd-DOTA. Conclusion 1.A-CMGL exhibits promising liver cancer-targeted delivery, com-
bined anti-tumor effects, and MRI liver cancer cell-targeted imaging, offering a novel avenue for combined drug/
gene therapy for liver cancer.

Key words magnetic resonance imaging; lipid nanoparticles ; hepatocellular carcinoma; molecular targeted thera-
py; lactobionic acid; miR-145 ; camptothecin ; combination therapy
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