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Review of the methods for constructing mouse hepatocellular carcinoma
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Abstract  Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer and one of the malignant
tumors with high morbidity and mortality worldwide. Mouse models play an indispensable role in HCC research, providing a
key platform for in-depth exploration of the pathogenesis of HCC, screening potential therapeutic targets, and evaluating the
safety and efficacy of new therapies. In recent years, with the continuous development of chemical induction, genetic
engineering and transplantation models, the construction strategies of HCC mouse models have become increasingly
abundant, providing researchers with more diversified choices. This article systematically summarizes the research progress o f
HCC mouse models, and elaborates the principles, methods, advantages and disadvantages of construction strategies such as
hepatotoxic compound-induced liver cancer mouse models, diet-induced models, virus-induced models, transplantation
models, and genetic engineering mouse models. The degree of matching with human HCC in pathological process, molecular
typing, and driver mutation spectrum ; at the same time, the shortcomings and shortcomings of the existing models are
analyzed, and the future direction of precision, humanization and compound modeling is prospected, so as to provide more
clinical model selection and theoretical reference for HCC basic and transformation research.
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FF 968 A 4 R B0 1k v hoRs, H b BT 4 B Chepatocellular carcinoma, HCC) iy 3 55 i) J B
L R 80921, A A AT, 2030 4EAEREAE HCC MISSAET: ABUK#E 100 1A, Bk
NERKAFLPAERBZ —B, HCC RWHUEIE A, By maEtEir 4. IFergetb. FFaith. RS RF B0 &
AU 5% g 105 1 P95 (metabolic dysfunction associated fatty liver disease, MAFLD) %GR &, ¥ 5
%S0 E A, HES R R A SRR IS, HATIRIRIR & . AMEEFE R S8 KRBT F R E
#r, H HCC R RWIKRE., #RilE. 5 RKERNR S, ZHEFHEH O 2R, Bk s 177
B Wik, WEANEHE HCC MIAmALE, FFRIFASIT RS, WiiEEEERRE. RASEGFRARE
B R 5 R A E

NPT HCC ZERliE 7T S5 H AL 7 00A% OS2 86 T H, e /NS R 2L R A 5 NSRRI . B0
JE AR . T FR B IR B A AR T % . BOR AR R A L A 8, R i B SR R AT 5 I AR A 1 O B R
M, WM ET HCC MR N H i iz Mseie TR . pEE M. R85 NEME L2 HEHARIUE R
J&, HCC /NREMIEFIEE G WS =0 BT KR, ARG ERILE M T TR, 2
1, B ALAT X DR o e B0 B AR . 2 7o B RS SRR, afi @k R m G E
PEL RE T EE SRR MR HCC ANRER, SRR SR AF RO 8, T ERNE, K
LRRGZRNHEEAEDLREFET. R TR, BEBEH LRSS SENS R RELRR, R
H. % k5 N HCC MILRLAEE, DUHA HCC HLEIMt R Sz A IRt B 5 TAS %,

1. FEUHHEHETENRRE

1.1 #ZOHE5HRESRAR

FFAE K2 38 T AT St &b, BN AT IR AR S R P, IR U M o st A 35 5 ot A% 2 1k
P, AT @R DNA JNA P Sk K 2 A8 0, J5 25 D JE ok R f A 5 . R T R oAb HE Bl T 40
AL = 2 B WAk (diethylnitrosamine, DEN) , & SA (4L S U Y, 2R G 51 & H
RAF, MifE#E HCC & A:1213,

BEAEWEFC, DEN O ZH FHEm K HCC BAILY, Haeima,. Hik. Wil 5sEy Ry
malsl, 4fis /N B DEN URE, ORI R Ry B /N BN 7R e i 70 B A R (2 k) (PO &6 AR (carbon
tetrachloride, CCl, ) . FEHZ) A g EHE, DEN 5 CCly BEAEH AT LB FE 46 HCC i St
W07, G M AT B2 455 — BT £F e fb — S e O R B I RE . W ZAFEH R (D K5E DEN HRE
SF: DL2 JEESHEYE C57BLI6 /NI AN R, BRI S VEST DEN (25 mg/kg) , 8~10 /N H J& Reti® 51 & ik
Ji g i) & AR 181, (2) DEN+CCI, BRA . A 2 FEstEd: B6C3F1/ /ML, BEIEES DEN (1
mg/kg) BEATHERLGRIER, FANRAEKZE 8 FEE, P CCly (0.2 mL/kg) HEE%ZY 2k, FeL T 14 A, 7
CCl, &L 45N, 1257 R T 1/ R HCC B % ml ik 50%18 (& 1)
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BLIR . R T A U4 ALB#(0.2 mL/kg, 2¢K/E)
(1 mo/kg) HE s 4 M, Reek14f
_ T e Single intraperitoneal injection CCl, (0.2 mL/kg, twice weekly)was
25 mg/kg - ZLFEV A - ; )
25 mg/kg DEN of DEN (1 mg/kg) injected intraperitoneally for 14 weeks
3 3 N
- ) — — e
2JEHSHEPE /N R T4 g 28 B HEE /N B 8 /N B JFF 4 i e
2-week-old male mice HCC 2-week-old male mice Male mice aged 8weeks HCC
o F Bl =
. 228 B % H50%
=] ~104™ P ] & -
2 ZJan 8-101 )EEME 2 vzv}e—iks 8 \j'v}e—cjeks Tumor formation rate was
weeks 8~10 mont s, tumor 50 % at 22 weeks
formation
T LEE A A 7 A iSEgsiis R e
Low-dose DEN induction model Combined induction model

1 HFE b ¥R HCC /N R

Figure 1 Hepatotoxic compounds to construct HCC mouse model

12 BREHETRERAEARE

FFRR L &8 T HCC B A HRIE ., T 5L IR @ iR SR, aENER
HCC 1 “MEMy 21— JORE ~ £h 4R~ 287 ESR B, 1T %P SHLHIPT . R RETMEEE
FERRYE, s 2 A B EI TRIEA —, e ARSI T I R, HE A HCC RIS
50 T W& EAAEZER, 5AFE HCC BEARILRC ZEURME, Ssil b b5 2 R TRE A A TR, LA 4R
Tl R AH KA

2 REFZENE HCC/MREE

21 EEAER

WEFESFIEENNE HCC S EEiRF 2 —, WHAEBBAI HCC KA K BRI &KL ER
W&, 7€ HCC RIFHLHIBF 5 L TG h 387 2 N A, HApRHmE = & (diet deficient in
choline, DDC) &% 7k i FIM R gz —B, % MAFLD MCHHE T L IIER N, REBR S = 3 L-
R € X E R (choline-deficient, L-amino acid-defined, high-fat diet, CDAHFD) %45 3|7 |
Mo WHIESE, CDAHFD MiFE 24 R A Ihis /MK LE MAFLD, FFEEMEFRa 36 JEMF, JH40 R lie &
HCC JFA L, HAIERFE:4F CDAHFD 4 /F~, HCC il H 36 JH#i4: K EZE 60 FPY, %R Al 8 /2 i
7t MAFLD &8 HCC WA T A, F54 BT 58 i b AR BT & A 5 A% o (s 3 5 A8 . it — B F ek i,
TR RN 7S EA R S S0 bR A 22, BRI SEEBER T RIREES HCC RAEMBOLIRNNE. Ak
THE AR, WHUE F K DDC 5 N-WASEE — ZfBEA T, ZE & Zr BEIE HCC RARS, BRig
WAL RS THAh, WA REHRRIGAK HCC EEFURMAR KR, o &0 @ il iFiERe. mE
R, I AT T i R A ARG SR, X R AL R AR AL /N R AT R TR R T, R AR
T JFT 958 396 5 O 304 o P R B A RS RE 28, IR 1 M B R T IE DEN F SRR ATEARE, AAEEE
PRI ZE S, ATRICIRE I 5C HCC MR R A S M ) 22 S AL L 4R 41 77 38 s 30 ik i 1280 (11 2)
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REfRR = IEEHEES
Choline deficiency Alcohol factor
o
o
°

JER R Z 7 L - SRR e S IR

) - ) ’ . ; ) BALB/c # i B6C3F1/Mil
Choline-deficient, L-amino acid-defined, high-fat diet BALB/c nude mice B6C3F1 mice

1 \ | -

AR SR U5 JiF# HCC-LM3 4 ZHAN IR
Metabolic dysfunction associated fatty HCC LM3 cells DEN
liver disease

l +l TR T l+

Alcohol intervention

& ] &
JHF-£48 b FE JH-40H T JHF 20 PR AT 968
Hepatocellular carcinoma Hepatocellular carcinoma Hepatocellular carcinoma

2 REFEFIEME HCC /MR
Figure 2 HCC mouse model constructed by diet induction method

22 FARMS NG AL

WA SR AR R HCC BRI EE57%, W72 BIRJE MAFLD. A 14 1T 452 0 1) AT 5
B aE R, BAERME. FAmE, BKE DEN AIINTREUE . AR RE 7 A B MAFLD-HCC AU &AL,
NS (2 SRR 72 5, I AT O PR o (B HIE R I L AR SR AR R, R S R S BIK Bl 0 i
—, TIEBHREE . RERE, 5 ARMEER HCC 7h FILACE 45 . H ATZ B8 3 2 T b d o5
FHE AR B L R CE A P RS DR 25, 1wl F UK 6 T T 7 42 T e O AR SR B 7

3 REFSFEWE HCC /MRER

HCC MR 518 M i gl o<, AT 4% & (hepatitis B virus, HBV) FITHRLAT 455 (hepatitis
C virus, HCV) 1814 HCC U i £ E K R 2728, Hepigd: HBV YL FTE HCC 9 2 14 AT Jee o 191
M2 R 2 30029,y AR BT HCV AHSCHTRE . 35 T IR BURARE, 8815 Sk 2 AU 2800 8 10 T
KL B2 R e g Bm A Gy, BB mRE MERAR N RESRE R (B3 .
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TR VA HCCE Y
Virus-induced HCC modeling

HCVHHS<HCC/)N F AR A [ YV P 2 Rk A Y
HCV-associated HCC mouse Homologous hepatotropic virus
model infection model
HBXE:H /M B HBV%%@T)ZJE%%
HBXx transgenic mice AR
HBsAg transgenic
mice

HBVAHFHCC /) FR AR Y
HBV-associated HCC mouse
model

3 Jp #AH5C HCC BB 2R Y
Figure 3 Types of virus-related HCC models

3.1 HBV 3 HCC /MR

HBV N7 WUEE IR DNA BB 5, 27 T ISR 2 1% 0 mg i 28, s T4 40 i oA
T, ARG SER. BRERAANRE . EPEFIEMA %L EALH R R AR, £ HBV 4ifd
L2 MIfeE AT, CMAFRR#HE X A (HBV regulatory X protein, HBx) I OLBUEIIGEEH, Al
s S, S9N T EER, F ST AR, w T E SRR AL HeelBl, £
T B4 S 56 BRI UE 5 T HBxX A 80 /F I & HBx i B RIS A Bl AT 2ot o W9 B, HBx % B PR /N BRU T
FBRAE, Mk X ERE HBV #IEEVNR (HBx™ /7 ) AR A RN E T B, EEEHE T
HBx 7E HBV #i< HCC KA R i IR shEH « AEL SR A 50 R, KOIKE 263818 T AN m &
5 HBx FEIERI/INR, KM 45 R EIR, 13~24 F % A ME e L R /N OB R R T I8 84%, & e
PRI, WU Z5BA3E— bR RE AL, Ry 7 TR SR HBx 3L/, S2BL HBx A% A 76 AT M 2H 2 i i
mRIE, GRRIZEANRAE 14~16 H SR AT H I s b (0 A e, L BSOJRE 2 e 5 LR T ) 22
FF o

Br 7 HBx ¥ FE/NR, F£IEIS HBV K E )i (HBV surface antigen, HBsAg) FJ#% & K /)N 5 [F) #f b
FEFEE HCC R i) 5 B 7o 5t 5 199), XL R AF R HBV EtJG HCC kA, KJEMBERE SRR A F kR
RY,
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3.2 HCV 3k HCC /M RRAEER

HCV & —F/NMafE RNA W5, WFCIEH R, HCV 25 & A B 5] kI i e 637, ik L
HCV #FER/NR M HCC MR & — R E B iR 15, AR A BRI HCV #E R MM /NRAIE N HCC A K
FEAY, Z/NRAE 16~18 H RS2 30% n] [ A& T T 4n i R 5 e, o I IR IR I 4L T 5 M H
AT DL I A A S IO S A AR R A, R R IR A I 1 HCV A S T 4 e A 7 381,
3.3 [EIRFERTR S RLEER

T AR HBV. HCV HIER/N B AY, % 40 KSR 33 I e A (3 B R PR M A R . BE AR AFF
TR, LR WEER Az LR HCV fse et f2, H A& IEw RZhagBe4o, (HHprR b
BB % 40 7 L SIS ADLN 28055 1) 18 P 0 8 2 e 0/ RS B . AR, TE — TR A b, BEARN
RKXHE HCV 2 YA 5% 10 30 5K B 79 B BT % 9% %  (Norway rat hepacivirus, NrHV) 3 4% 1E 5 1)
C57BL/6J /N, MITEINIES TR MR & . BHTHEAFAF 4tk F1 HCC R R AWML, R dsr 7 —Fhseit -
SRR AR EE A OGN % v M R AT R E T AT M AR A R N R, SRS T /N BRI 7S
FUN A B AH G R 4 1 2 (R K A T I 22 8
34 HERBFEBESIHKRENNHA

I 25 175 A2 ] 5 B L A I T A% e PR A R B R, e BLEEE, 5 A% HBV/HCV MK
HCC 4% 1. JWHEAFAEVC LR mr, & TR FOm B 80 MU AR T S ELAEDST, (H 35 38 /N RO DL AR I e
HBV/HCV, ZBIAIfEE SR K. HEE . MEER RS R R, 3R, £ 95 BHR & Y AT
. HATZE A TR RS AEALE] . BCA A MR e K R RR B SR AT, R
BEAH O A R PR AT 25 RO AT R/ T

4 FEHEEME HCC /MRRE

4.1 N HCC BHEEEMAS LR E ALK R RFME

MR RRAT J /N HCC & AR 5 H098 25 W PR AT VAl 1R 6 FH SR, TR HCC 4 i R e B 4 %%
TENSZ /N R ST R 20 AR R A N AT, A Lo o T A R R A 5 R A RS R AR Y . o A A Y
TR IR AL A SR AR R TN R U R R BN R S A R iR A A A Y s A 143 R A
T L T8 D) 2 T 9 200 A N b o8 2 50 PO S0 7 A S 2E 3 A7, B U g Ji 2 2B RO B 144, 4 T kg 4
GURIR, BB A N FEFRBHEEN S R ER L. 55 R BEEE RS 24N R IF &S R
HCC 4l sl 41 43 e, i S5 bl B A ABE FR A2l A V0 P 80 4 Mt 5 28 3 i 6 R 2 3 1440, 3 i i 7 s e 7 7 0B
T 28 P P /D SRk 9 R R 1990, 2B B T A K 20 N SRR ) S R R TR 2 R 9T R S REAE B
O 2 N TR G R BRI 7 o % B G B Pa N R RS R EHRAR T AR &g, 224
P LTl G 2 B AR RO [46), EERE TR A G S BRIFS (severe combined immunodeficiency, SCID) /IR G T
P T RN MR B bk E 4N BT R BB DR E R A S B (non-obese diabetic, NOD-SCID) /)
AU Z T B kE4IfE, H NK 408005 55 BRI, of A U540 A f 20 2 s O\ 0% 5 s 1400, 7 ok B il
F BB K NOD-LtSz-SCID H4Af/r%-2 24k v BEBLFE Cinterleukin-2 receptor common gamma
chain deficiency, IL2rynull) (NSG) /M5 NOD-Shi-SCID IL2ry™" (NOG) /NER, H 4% il #E N\ 2%
Bis NK A0S AR . 43 SR 52 o R A S5 A 5 149500, M| HCC B @B T |ttt R (K
4) .
42 HREEFMERRERG=

BB AR M /N HCC FTF R BUMIR 29 51697 SR AL s P &, A& HRERME. EEMEmMN
Peth . AR AR, RO R I s R R, (E G R S O s R R A A A
HYL HCC MR 5 A, HFEREREPY, FERGERKRAETBEEAL. WRBAEE £k
H R —F, SR, IXSEREA R G = N R s 4% 52 20 PR D41, S R A ASE 28 35 40 R G0 28 w0 B /N R, DA gk
GHEF, BT F RGEM: G R i 7 98, 7R KB, S5l RS A 8 B ] fg KR T O B AR e
7. BRESHYIRNEE, 5 A3 HCC LR fkm. BAME, BREMEERE. S8k
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U, HAMJEZE SR SR sk I T R MR R R, IR A IR, TG & 290 5 A T R0E
i o

5 HERETIEHE HCC/hRER

HCC MIRAW K2 ZIRiEE SRS AL T, W EEHE . RAER T L4 2 /2B, SR TR
N R AT TE I P ol RB GRS 5 HCC RIEMIEER, AT IR K A1 4 WL 9T F T She 5 25 20t
Fi. H SRS fL3E Cre-LoxP 4. CRISPR-Cas9 5«“fliZE N\ % i T 24 15% (/] 4) .
5.1 Cre-LoxP EAHIHA

Cre-LoxP /& N FH e ¥ OO T A S P O o5 A e M S AL R R, T S0 /0 60T 400 i e 2 o S i i TR 18
Wi, % RS0t Cre AL 5 34 bp #5 51E LoxP 7 S %, it 78 H AR £ b T el A LoxP £i7 25
K15 floxed /NEL, RIEFFAFHE S A S Calbumin, Alb) B3I TIKE) Cre = HEGRAPY, RIAT 4 51 dk
PRAFAN MR R . BT AR IA R, H AT QR Th i 2 Fh ) HCC ¢ 8 S50 25 IR 1) JFF 400 P o e i i o
INERASETL, MR KR AL T TR AR A S BT B, PTEN R A A A G 5 (0 3 2 A
HERRBEIGEERT 255 ZREEMBE R KL, £ HCC FIBHE LS fE b R EZ O IAEER .. B
F BRI Cre-LoxP Z 4k 5t v # @ AlbCrePtenoX/fox fEo i 45 v Pren B2k 2848 /N SRR Y, ¥ 18] T ER /)
UM Pten JEHERIE. KEERWELE R ER, NRIE 74~78 FEE, FIE4Z HCC RAEXRWIE
66%, 7o7riESEF4I M Pten JEPRGR G T B ALRE HCC BIR A, B9 40 58 R 5 8 A 5 00 98 o i AL
iy O I 4 1) T PR S AR A T B AR B 4 A AL D58
5.2 CRISPR-Cas9 A

CRISPR-Cas9 Z 4t /& i F Ji 4% A= 4 HE A Gk B 1A R R0 N AR IR I R S e ik R, IR B N sk (E 48
0 25 U i IR 2 g e T L OO), RFT IR B 1 2 R AR KR B R, W sEEl CRISPR-Cas9 #AATE /N T4 AR ) &
RORR I %, 3 BT I 2 DR g 4 S T PR AR AT . XUE Z5IS00RE FeiiE sz, i ad 1% 2% 5 Q4 1 i B /s
U4 Pten, p53 S5A% 0o 25 R, TR AT B 9 G ED 5 5 IR IROR T BG, R R AL S5 22 8L Cre-LoxP 4w
PR —3, B6AE T CRISPR-Cas9 PR #4) % HCC MR al 471 . ZHU 56U CRISPR-Cas9 # [K 4 4 5
ANJELL FRG /N4 4, @M Aridla JEREEFR . Ctnnbl JERIRFEL G 248, IR & S 75 i & A X it
T, AT SEBLIE R 5 IR F) 5 S AP A A . FF FLXURAR /N BROBSUR R IE 70%, A = B AN AR AR 26
HCC f9 BEASAE, 38 F T RS HENLHIRT 70 55 40 A i ik 161,
53 “BEEN" HETFRS

PR R — RO H AN B AL ) DNA H0F, KA R U R b = ) B2 741, i By -4k
M RSB B DI B SR A B, REEMER G T HB, “@EE3E N (sleeping beauty,
SB) #EEFJET Tclmariner AN, W {ELHMEMENY P RN SRR EEREES, P2 N T 2 fE
AT S 26 D8 TRE A . FEAR N F R B P of, 45 A i i sl 7 2 R S ki i BER T SE B SB % 86 1178
/N R FFF 20 P PR v Ak e I A e 5 e AR R B B . BELL 4R 55 se, %7 NAT#E 1 RN SEI 5%~40%fF
MR RIE, FRIRCHRFREAERIE, ORI T SB RS0 A [ dE A 1A 2 .
5.4 FEE4F ST S RIIE R A S

SRE R B KA M E BRSBTS, ) Z T HCC HLEIAENT . SE 53248 5 25 0F4h . Cre-
LoxP RGNS 4 tE ok niE kb ie, & &S 4B 70 4 e 25 R 78 I AN R B e (RS 2R A sl JA 0 K
MAEF; CRISPR-Cas9 HARmBMRE . RiGEME, RPEMELEEHNRDI R g, “HE
N7 BT RNK AR ERE, SHTEEERNIGREERE. BEEETS0E. Bk R0
T 5 R o A XU B i R B AR T e 38, JER TR HCC /N USRS (475 L 5 0 Y VS B Fr a3 e, A
B R A S IR BB T A
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B R GIERRAEE HEF TR
Flow chart of transplantation Gene engineering
system modeling e o
o, - Cre 41
— —_— Cre recombinant toxPﬁ{tﬁ
- - enzyme OXp sites R R S e A
Cre-LoxP —— Liver gene specific
e AR Ei) e g2 WFEE [ mutation
Materials Cells seeding Cells collection Tumor tissue  Homogenization '—le G
preparation umin
g
Gene
CRISPR-Cas9
. GG/ B
Immunodeficient mice CRISPR-Cas9 W
. vector
SRS CRISPR-Cas9 —————
Heterotopic transplantation TS J12% R
ik
G/ B Fluid dynamics
Immunodeficient mice _/ tail vein injection
w
N Z%Fﬁ BT R ANERL
M- s e £ ude mice NOD-L{Sz-SCID Transposon  Transposase Mice
BOGERIENR IL2ry1/ BUNOD-Shi- “EERN” FET
NOD-SCID mice SCID IL2ry™i/ L SB transposon AKEN 1L
o NSG/NOG mice MRS
I A e R /N B Fluid dynamics
SCID mice tail vein injection

4 HCC /MR AL 5 2 (R TREAE A i 15 R

Figure 4 HCC mouse transplantation model and genetic

6 RESRE

AL RGHRE T HFEREYMLREFES. WHAS. EETELABERGEE HCC MR, %
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