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[ Abstract]  Colorectal cancer has the second highest incidence in China. The pathogenesis of colorectal cancer is
complex, and prevention and treatment require improvement. To reveal the tumorigenesis mechanism of colorectal cancer, a
preclinical animal model should be established. Compared with carcinogenic induction and xenograft models, the genetically
engineered animal model is a powerful experimental tool to simulate the genetic mutations of colorectal cancer patients.

Min/+ .
""" mice, the most representative spontaneous colorectal cancer model, researchers have been

Since establishment of Apc
attempting to establish genetically engineered mouse models of colorectal cancer with high clinical similarity. In this review,
we discuss the role of Apc gene mutations in tumorigenesis of colorectal cancer, and focus on the characteristics of mouse
colorectal cancer models established by various combinations of genetic mutations in terms of pathological morphology,
invasion, and metastasis. This will provide a reference for colorectal cancer research to select ideal experimental models.
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CRC WYL & G BUE 5 S B, R A%
PRSI R TR A ) B 75 B A R
i 1 48 A 18 & BE (azoxymethane , AOM ) B 7 28 Hl
AR EM ( dextran sulfate sodium, DSS) ZE4k 271755 5 7|
W R Ao e 1T A e A W i, I 1
Frenis S fERRHE K, A f % RRAE Y, &
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IARAYHEANGINF I R T A2 AR LR A rp, I H
AR L R AR = R T 4 s R A
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JErh DI RERT ST .

Bifi X CRC & AEALHI TR T ff , A N 19 3
PR TR 2 A5 8 1 g O 285 R0 43 A 7 B 55 i R AR
B HIRH LBk B . R, T CRISPR-Cas9 4%
ARAW G 7635, Hil 25 5L K TR s A A 1 A
R R 4R, NI #ES) T CRC SE [ TR g i e
BRI TR ST, AR SCER G P 45 il i IR 98 A8 A 25
EL R A N AR T ASOC T AS [R)  PA 2
AR AR RS CRC FERR TR/ U RS R 45
JdaE WA T PR AR ) S0 T HL

1 EFApc BERFERTHWERTIRE
IV R

Ape FERNL T 5 S QAR 2 X 2747 2 50
L A% — P 2 DR AR 1, T RE 2 5 40 RORS B A
¥ (G5S MOEHR MY ARy B E 29
iR HiE 80% i) CRC R I Ape RAE, Ape 58
P TE IR R T 5 0 S B BBl A B, PR S B
FRRALD . APC J& WNT & 42 1 5 2 67 9815 B 7
J& Axin-APC BRI G W) 00— A4 4, A i
WNT 2 [3-catenin 1 25 A 2% i , HRES
Y T Ape 9878 9% 1% T A7 A Bk B, W 5 & Y B-
catenin 23 FERTEANML BT N -5 1o BN 40 A% v, #24
TR, 33 Mye RFZ2 AL R30S
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FEITE 850 v A B A & 2E s 7% | B TTG 572 1
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15 JEIR s TE A il b R S 2 R MR 288
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N2 T A AR BB | M g e A Y R PR )
REM AN V6 T 7 AE 9T (H2 5 N2 Ape JERI R
A S B R B X, N2 Ape FE R 2878
FEE AL AIRAL , IF B AT e R R = g
IR HRENMNh RN EZMENR,
I,1997 4E | Shibata %8 52T Cre-loxP H4H 245, 1
Ape FEH 13 F 14 5 & T HOEE A loxP i 5, I
W5 TS 5 75 S 41 FE R (Ape580S ) 51 AN LR & v
FAIEE Ape™ ™ /INERL, PR % 5 Cre ( AXCANCre ) 328
PEENGE N, E ARSI a1 IR Ape SRR
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2 BE Apc ERARTHERTEZE/N
RAREY
2.1 Kras RTHEXThER

Kras 2 FT A7 0% 8 vh fe i 58 A8 1) s 2 TR 2
—, 1E CRC %% 19l ', Kras 28 78 0 BB 9 R 24 Ky



662 [ S B AR 2023 45 5 A4 31 %% 5 W] Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5

409%'" , —H K& Kras 2878, GTP /K fif 9 0% 3R
Hl/ S BRAC IR I, SR Kras DAITGPEIRES LR,
A BT T 530 B RS B0, DA 2 a2 PR 4
M5, BEHF Kras 2378 B 45 T IR 5 3 10
WIPRIRES IR A AR AS B 3z Ak 5 A% A 2 AR A
RAR

AhCre Apc™* Kras™ ™ /N BUIE W Ape &2 J5
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A IR i 9gE AR AR AE AN T3k i 45 B b, 2018
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FEUR B 275 (Ape Kras  Tgfbr2  Trp53  Fbaw7 ) A ]
AN FBER | Ape™™'® Kras® 40 45 386 1 i 1 b 33
122 B, Ape™™'® Kras®” Fbxw7 ™™ /7N B 8 43 A1
BN, X gk R AR | Kras 16 AL FbxwT W3R
(LA R T 5 R - ) % Ak b, 3 Jin s 1 g
A I Hk BV T 512 7868 J1 T, Ape® " Kras "
Tafor2” AL RN, X L 25 R B, Wnt
PTG Kras 005 AT AKT 287801 TGFB A R
BRI OHE .,
2.2 p53 REHEXTPIER

p53 J& — I8 By IR ) 3 ], CRC Y p53
GRA AR 34% W3 St 45 B I 988 1 459 1) 31 Uiy 245
E IR R BFSEIEA , p53 28 AR 7 iR e B i
T v 1) 98 — A e Ak P R G B VE . RS TR S AL 1Y
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DURCE %, I W 3 45 58 g 1 J AR 562 b 18 A AR
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WEAE ML LA 3-1 B ( phosphoinositide 3-kinase
PI3K) i % 3= 202 38 o 8% A5 W UL B4, 5-— W 1R
( phosphatidylinositol 4 ,5-bisphosphate , PIP2) {1k A
WEHRMENLEE-3, 4, 5-— W52 ( phosphatidylinositol-( 3,
4,5) -trisphosphate , PIP3) B IR fL Wi IS BENLEE , & 5
YN HIEEE A3 AL FNAF 36 () 7, PIK3CA F1 PTEN J&
T B G BRE  Pik3ca P 4 HS PI3K pl10
AL IS, B 1Y 28 W\l 215 2 80U PIBK 55
HEE I BIFTHLE ) Pik3ca FEFTE 10% ~ 20% (4
CRC igd v & AR 975 | 5 Pik3ca BF A= U i B3 A
Eb, Pik3ca 2878 iR £ 35 IO 45 B Ji Fe S PR BT T R 4
=", PTEN J&—Fhif i3 2w Rtk PIP3 1 fil i 1%
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FERUAR SR G 1 Bz 40 B R AR S 1Y Pren %
RANERE W I8 b B 0 IE & 25 ¥ stk i, 2%
1Mj, 7E Ape B = W FERE I | Pren 1254 0] LLIE 123 34 fin
Akt 07 AR 0 iz & A= DTS S5O0 9 1 e
BB Pren R M Kras B T% S 3 VillinCreER' -
Apc"™ Pren™ Kras"" /NI I Bz Ra A ZEHL DL M AR
PERA SETE & B AN BB JC AR Sl D bR 9 A EL A s
Y IRAFAE A RE RS e 1 & J2 2 Leystra %5113
it FC PIK3ca™ /NEIEM PI3K & A LE/N RiE v &
PEIGPEIE S0 238 5 250 1 R 40 A 398 A8 s 0] e
TE /N 378 it RV 235 P 149 L Bz 40 B w3 3k A v T
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PEJRIE , Ve 22 i A AR DR — 0 20 S £ 321 [ A5 L
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S ELZE R P9 G e R Mg hE
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TEIE & 4 i b, % 4k A2 4 -8 ( transforming
growth factor-beta, TGF-B) {5 5 il i i 51, TGF-B 1
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JiEH) SMAD 1, RERS (2t 40 oAk JA T, # i) 20
JRLAR IE B G TE, B b $ ) D, 83 % 4 45 M g
EAA A TCF-B 5 F 1B BRI R AL, A A
Ape YN, Smad2™ " Ape AT INRB A FEBUR: K
INERZA SO 1A 25 5 X U E AL (A
18q21 I, Smad2 Z2 &P LR A R LIGIEZS B R
AR R JE O Ape™™ ™ Smad3™ 8L £ E LM
PR KA B RZEPE IR K A, R A LB L 58 A TE
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(1 Ape™ /N BAL A AR ZR PE IR . 53 5h, TGEF-B
ZARIE B Kras 22738 W) LSL-Kras®™” Tgfbor2™* /)x
BRI 1 B-catenin JE AP R A2 5 5/ U b
ﬁgmm 5 Tgfbr2E2ﬂx/E2ﬂx Villin-Cre Apc1638N/J\ UL K
¥ B 2 T BRI Tt Ape 287851 A& 1 1t i
TGRS
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B I R R R A AN AT S AR R I
FEEED TR N B S A IR AR R S5 B e &
kR, TESS Bk R R, AR E
( Fusobacterium nucleatum , F. nucleatum ) W) 3 & 12
o, FAR F. nucleatum 1 Ape™™* /N BRI LA 3 {4
PRSI W5 A A S J et e B, AR T %o B 2
R AR R N (Rt S R R
i LN A ) ( Porphyromonas gingivalis, P.
gingivalis) W F-BER e, O H-5 45 1 e 58 iy A=

IS A B P.gingivalis 51 Ape™™* /N AR AT
DAFH S5 e 52108 ) B 20 ML, B0 NLRP3 A0E /MA
TR AR R AR BE, 380 1 45 i g 1) A VR B
XL/ IR R TR HS BT v 1) 22 M 4 g e R A R Y
BEE R

3 HEXRBMERIENREE

3.1 Braf T HXohYER

MAPK I SO0 S N 29 240 LA 0% A% 4 G
YR IT N 25 P kiR 421 BRAT & T4
HMES T MAPK/ERK & 48 T iF i il , ik PR 58 A8
A SR A B I O e GO R, DTk B R
W% ¥ 21, 2013 4F Rad 1Y H e kg i T
VillinCre Braf™""*""* /NG, & JB B & A Fr s i) 4 5
PERRE G A JL P B B s, BN MR
B S AR RN 3 JE i 3 R A TR R A Y Al A 3 B
Ja XAy B A pS3 F pl6 2Kk ik, 56% (K1 Vil-Cre
BrafV637E/+p53LSL—R172H/+/J\ Eﬁ{‘T:E 10 - 20 H ﬁ%\%% ,Ecljﬁ‘-zi
SRR F Vil-Cre Braf™ "™ N H 5.2 1%, &
oy e B B R Mk B4, g OBR B B, Vil-Cre
Braf™ " T p 16" [RRE I A R 28 12 1 TR
K
3.2 RIEMEXTHPER

18 P 9 TE JL AN i 18 & A R P i v e
FHIHE T, miRNA AT LA 1 R E KR AY KN,
miRNA H11) £ 1k miR-146a 5 CRC (9 5 &bE A
K miR-146a” /N T AOM il DSS i T 1945
E MR T 2 AR R 7R 45 v ) 3 g A
A5 3 3 . N-myc F W% 98 15 3 B 2 ( Nemye
downstream-regulated gene 2, NDRG2) J&—F 87 19 fif
JEE AR L PR, AR I8 T 22 PSS B IR Y 3 A | oy
AR T R FEAVE R, B b R 4 e AR S 1 vl B 1)
Ndrg2*™ /INEUR e Wi H B R, AT
DSS 5 AOM Ab 3, Ai 37 2 AF 20 fL i1, #a ik 3 A1
YA PR 7Rk LA s S A TR B
FAPRE B0 32 122 56 R P I 18 TN 486 i 38 3 1 | DT 42 2 45
HIHR MG B R ke, ik 524K 4
( chemokine ( c-x-¢ motif) receptor 4, CXCR4)J&T G
F VIR SZ A8 505, AR CXCL12, AT DA i 9
FEFERS , CXCRA™ ™ /NFRIE A AOM/DSS 4b B 3 i 184
TN AE 20 1 R~ 1 5 e 32 4100 ) 240 AR fE b B i)
7o i e S 1 Wnt/B-catenin 8 15 2K 1 5% CRC
HEE
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BEE R DR 27 B4 AR | K RS 22 v B B TR Y
SR SR B B cA ST, AR ELER TSR R
I T6 20 JE A% A ASE R, B PR T e gl 0 ] L B A e
FOUR IR 200 0 | B JTOR 9058 2 8 22 1) 1) 3l 25 AH FL AR
PABIRT 7 B B, B A B N DD BE AT 9, BT
Ape FAZ/IN BUTESS BL W I WE 52 v B S i WL, (HZ

PRI D PRI NRIRE R =, O ELAr A 8 AN
A RELE W, 3% 5K EZH Ape 7SI IR B33 AN,
T340 TE Braf 2875 3R 18 i H e R K 5 AR F 2 11
JINBRAT DA A A5 28 o v 1 s IR 25 B 9 L (R
ST U R R A (R 1) o T4, 2R
T R R TR AR O K | R iF /N BRI A 0k — 28 i 2878
ORI g 1k 2, DU/ BRUPT BB 4 R R B 3l A8
CRC Wi

R S EEEEN TR U

Table 1 Genetically engineered mouse models of colorectal cancer

A R[] FRAE AT 225 30k
Model Disease time Characteristics Survival time Reference
15 MR, 22 e e R A IR PR AR R 8, R A 7E /N 22 kA
ApcMin* 15 K The model was mature with multiple polyposis adenoma, which was not At around (9]
weeks highly malignant and mainly distributed in the small intestine 22 weeks
AETHRRRESE, M A (< 10) BRI, FF LRI B 2R
. 0 A R | . N
Ape Homozygous embryos of this model are lethal. It have few tumors ( <
20 weeks . . . 32 weeks
10), a long latency period, and develop adenocarcinoma with
submucosal invasion
L UM LE AR, R RIS R AR ATEAE UL ARG 5
Ape" pS37/- %0 d This mice has d tive ti local invasion, t invasi 1224 (18]
pc"™ p Within 90 days is mice has dense connective tissue, local invasion, tumor invasion
into the underlying musculature
N REBO RN, KB A R ARG HE , Bk = O A R
FRETd i
AhCre 7 days after TR 99 d (28]
Apc”* Pren™ . dy G Most of them are invasive adenocarcinomas caused by severely dysplastic
mduction adenomas. Malignant invasion of the submucosa is obvious
Apchh 8090 Y[R S R TR PR M, JFG v 7 22 fi g S A 28 [T AT L2 2 00, R
P et PR I RS O LA RO £ o370 200 d
A 3‘ ‘k " it 80% of tumors in these mice were invasive adenocarcinomas, many of The median [31]
pi;12D/+ C wee ds al. e which extended beyond the muscularis propria to involve the serosa. survival time was
I.(ms s re mduction There were few retroperitoneal para-aortic lymph nodes and 200 d
Pik3ca ” liver metastases
Ape Min'+ 60 d iJeA 52 2 S R 5 T S E AR IL P 1014 (34]
Smad3™~ The tumor invades through the submucosa into the local muscle 10 months
T i B 3 - T S b o P A b T s L7 N o -
s FEABUMMA ST A BRI, SR ML S RBUN 7 4 I
o RER, AT 46 WGR U A R BRSO 5
Ape* 71638V T del WL AR The survival time
G pii4 B ranslmrf e3 % The trans model tumors were mainly villous or tubular villous adenomas,  of trans model was [35]
oma earti‘c?sC.‘ with more severe dysplasia and malignancy, which mainly distributed in 7 months. The
mUz lb-,t lﬁb the duodenum. The cis-type model had obvious anemia and splenomegaly  survival time in cis
m[_) o atthe with more tumors, and shorter survival model was 5 weeks
earliest 3 weeks
RE TN, RKEY 15% 97N BUTE DX Ik EEL 85 ml i v 24 o s W W 2 JELL I
LSL-Kras®'?" 22 JAA B AR More thanA [37]
Tgfbr2Ek0 Within 22 weeks ~ Most of them were adenocarcinomas. Approximately 15% of mice develop ” i N
significant metastatic lesions in regional lymph nodes or lungs weeks
S oy IR, CLAESS R RO PR A 11 Vi
SLVEXTE/+ Serrated adenomas are predominant, including crypt elongation and
Braf™Si-Ve37E 10 months . . o 2 years
serrated eosinophil adenoma epithelium ’
Vil-Cre; N HEUIRIE , 25% /) RIS AE O 255 7 B R bk LU 45 | B At sl s
V63TE/+ 10 ~ 20 1~H . " . . 2 4
Bra 10 ~ 20 th Serrated tumors are predominant. Twenty-five percent of the mice had 2 vears [43]
pS3LSLRIT2 MOMRS - cancer that had metastasized to the local lymph nodes, pancreas or lung years
Vil-Cre 10 ~ 20 1A BRI IR | 129 (/N B D IR RS P e 4
Braf™S-Ve3TE - ! This is a model of a serrated tumor. Metastatic tumors developed in 12% 2
s is E e . static s developed in 12%
10 ~ 20 months 2 years

p 1 6[nk4a *

of the mice
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gZR1
R KGR ] FHIE AT 27 R
Model Disease time Characteristics Survival time Reference
Kras J& &1 B8 09 2 06 1, B P i 3508, ok R B AR 28
| W
A716 G120
Ape™" Kras Kras activation increases tumor diversity. The number of polyps increased 160 d
significantly and no invasive tumor was found
A Reas®0 e B BRI I T BRI 0
Fbxw7™~ 13 ~ 16 weeks Epithelial-mesenchymal transition occurs and accelerates tumor growth [49]
F3k oSMA 11 BT 4t 200 Ff 50 1, b 20/ 0 R I 2 8 14 4
A CA716 Kras®120 E%ﬁgﬁ‘@f‘k%‘g%
4 The number of aSMA expressing myofibroblasts increased. The incidence 100 d

Tefbr2™~

and diversity of lymphatic infiltration and liver metastasis were

significantly higher

SN BRIRARIL ) ook AR v e 1Y) A S S R
TRBIAYT ROR T EA AR I AL HOR . 45 B
LR T Bl A5 R e R 7 e R 22 U MR A% ¢
2RI, B AT B W) S e % i R A
KN FFEAT S U 25 7 e 00 L) o s i PR ERORE | 3
PR EE 22 90 TR B0 W) S 9 N [] 28 S5 O i AR E
ToEHEAT S AW o /I B 88 58 AR B ] T
SRR B S AL, EOULHE T R AR A O, HL 2
BRAERRE P2 5 0 /N B AR R LRI, Ll BoR
XERER R . /NS WG IR 15 ( Magnetic Resonance
Imaging, MRI) £ AR 3 ] T #0414
ToB SEy  ShASH AT bR A RO AN O
T B YR A R I R PR O MRT HA

S5 B R A 5 AN B AR B Ak
Y suids AR A Z R I R R SR RIS 2R AR
SCFE ST AL S A A 45 1 g h A A ) ik
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