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Establishment of a primary liver cancer model in Mdr2 gene
knockout mice. an observational study
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[Abstract] Objective To observe spontaneous liver tumor formation in Mdr2 knockout mice with C57BL/6
background. Methods Five wild type C57BL/6 mice and nine Mdr2 knockout C57BL/6-Abch4™ mice aged (11.3 +
4.2)weeks were sacrificed after 65 weeks of continuous feeding. Serum and liver samples were collected and serum ALT,
AST, and AFP levels were measured. Paraffin-embedded sections of liver tissue were stained with HE and Sirius red.
CK-7 and CK-19 expression in tumor and adjacent tissues was detected by immunohistochemistry. Results Nine Mdr2
knockout mice formed liver tumors spontaneously. Serum ALT, AST, and AFP levels were significantly higher than those in
wildtype mice(P < 0.01). CK-7 and CK-19 expression was negative in Mdr2 knockout mice. Conclusions The Mdr2
knockout mice formed liver tumors spontaneously when continuously fed to (76.3 £ 4.2) weeks of age, and their
pathological classification was hepatocellular carcinoma.
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IR R G, IRttt THEAE 2020 4R 2Rk A&
FEREPR T T HEA 28 L7, TR AE BOE N EC 5 2R
=AY TR R I AL S B R 3 A S
HF 40195 ( hepatocellular carcinoma, HCC) A1 T 4 IH
& J8% (intrahepatic cholangiocarcinoma, I1CC ), H:
1CC 20 5 & PERT I 15% 27 BF5T 9 29 1Y
P Bk Lt A 7T 2B 3 34 %) D e P
SRR N R AL GBI ST 1 b BEAR

Mdr2 ( multidrug resistance protein2, Mdr2) F£ [ |
N4 ATP-%5 & & B WK % W 5t 4 ( ATP-binding
cassette subfamily B member 4, Abcb4 ) , H: 4 i Y
Mdr2 HEAE R — TR B iz 8 1, REE R IR rh ik
Ji 1) 32 2l 53 W I8 E AL B8 ( phosphatidylcholine ,
PC) M =E 4 B A5 JE 1 P 26 % 304 L/ B
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b AT 3 R T AR B = BEAR b=
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- AP 2228 5 N Z8 50K 1 B Ak R
& % ( primary sclerosing cholangitis, PSC ) #H 1,
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R B 2R Mde2™ /N BRI B A
58 AHRTRNR AL T 5219 Mde2 ™ /N BURE % A2 1 [R) A7
TE—E 25, NIk, ASCWE T C57BL/6 15 5
Mdr2 ™" /INERUEE VI8 0 A B T B e A 38 JF X
HHR AT T HE
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L1 ##
L1 SEEshY

9 X SPF %% Mdr2 A @ Bk /N B C57BL/6-
Abebd™ AufEME 6 H M3 H, (11.3 + 4.2) &,
2722 o, [A)JEIRE AR E Y SPF 24874 RN CSTBL/
6 BRI S H(HE3 H 2 1) 7RI H 7R N 38k
SIS s AR A BN 7 [ SCXK (7)) 2018-0003 ] , /N
RS T i B 25 K2 S5 s e [ SYXK ()

2020-0009] , E- mPEMA R, B B ROK, AHRHEEE (55
+5)% R 25°C  JE IR AR T, AR SR i
g P B 2R A S S PG ML S R B
234t i ( PZSHUTCM190524006 ) , 31 H. ™ 4% 3 51 52 1y
S A 3R JEN,

H 25 M B8l 52 56 B ) B R A BR 2 F SR
CRISPR/ Cas9 £ ARH & Ik A PCR Fl™ Pyl I3 2
TT% €, Abcbd FEP A F/ANREE 5 5 QA ik b
(NCBI 2% 741 :NM_008830) , 45 5¢ i 28 ~4h ik
T B 3 ~ 4 4N HERGL AL, 1T gRNA
(gRNAL : 5’ -TACCAAGGGCGGTACCTTCAAGG-3";
gRNA2 : 5°-GCTCCTTACCACAATGGTACTGG-3")
P BRI T8y b0 (DL 1A) o P2 /N R IEAT
PCR #" #4580 UE (514 F2 : 5° -CTTTGCAGCTAAATA
AAGTGGGAC-3’ ,5[4% R1 : 5’ -TCCACCCTAGACC
CTTATTGTCTC-3" ) ,SRJ5%F PCR F=4 it 4TI %, 43
PrimlFeas 2R s R B (DLIE 1B il A 1
HRCHEAT Y BAE, IR PCR (5149 F1 & 5 -
TGTCATCTGGCAATTTAGGCTG-3" , 81 % R1 : 5°-
TCCACCCTAGACCCTTATTGTCTC-3" , 612 bp; 514
F2 : 5’ -CTTTGCAGCTAAATAAAGTGGGAC-3" , 5|
¥ R1 : 5’ -TCCACCCTAGACCCTTATTGTCTC-3 ",
652 bp; 44 T/ BAXTE 612 bp 4k 31 47 ) Fi 1k
el G /N TS5 (WLE 1C) |, H R R 45 .
94°C 3 min, (94%C 30 s,60°C 35 s,72°C 35 s) x 35
&5¥,72°C 5 min,

112 EZEFI S5

A& R & B4 F5 i (laninne aminotransferase
ALT) , R 1T & & R A & 5% # M ( aspartate
aminotransferase , AST ) #5085 , 34 4 B 5t # iR}
FATBR 2> 5 77 s Wi 25 F1 (alpha fetal protein,
AFP ) R0 65k W I A 02 w07 s 40 e 2 1
7 ( eytokeratin-7,CK-7) 1 $iI H Abcam 23 ; 41 il ff
FHH 19 ( cytokeratin-19, CK-19) I $TI4 H proteintech
sl A AR & DAB AR &L I A
A AL LRI A B R RAEYH AR
BN ) 77 i, LEICA ASP300 H 3 lii /K #L . LEICA
EG1160 1 5 A ¥ HL 5% & V) v HL RM2035 , H11220
1 B AL SRR Leica 24 H ™=, M5 ZIIREREAR
1%, 3E E Molecular Devices 23 H) 72 dh o
1.2 FHi&

12,1 IVERE SRR M EE
/NEURFE 65 JEIG , LA 209% 1 hr 3H I e 1 5 R
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A RNA region
5 g 9

3

Legends Exon of mouse Abcbd = Knockout region

gRNA region 3
30 31 M WT Water
T ¢ ZEaEE@
4 B2 R 28 g — 8

TATGGGACTAATTTTITATATAATAATACCAAGGGOGGTAC--del 4751 bp-TTGTGGTAAGGAGCAGATGGOCACACTTGTCTICATAGT

res N m s nnnn i o nan R nn s e nn iR N

[Ad PRV IV H‘\\'I/M
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)
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A gRNA K Mdr2 JEHEE 3 ~ 4 4MEF X780 00 B U B8 H B IX 84 4751 bp BYFFICBEMIR ;€. PCR @/ NRUCREEE T,

30,31 IR ,M: Marker, WT A= 7 %} 5 ,Waterﬂkﬁ',ﬁﬁo

B1 Md2” /NEM RS %

Note. A. gRNA cleaves the exon 3 ~ 4 region of Mdr2 gene. B. Sequencing showed that the 4751 bp sequence in the target region had been

knocked out. C. PCR identifies mice as homozygous. 30, 31. Mouse number. M. Marker. WT. Wild type control. Water. Water control.

Figure 1 Construction principle and identification of Mdr2™~ mice
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B/ TH0,EE 0.5 h, iR 5, IIA DAB (3% ik
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1.3 FitESH
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2.3 WA/NRMF ALT AST AFP /K E L
SR B INEUAR B, Mde2 ™ /N B LTS ALT A1
AST WG PE W T (P < 0.01, W3 1), ELISA
PRSI P 2H /N BLIMTE AFP K-, 45 5 R Mdr2 ™~
/NERILTE AFP 7K P 450 85 AR /N R B 2 T (P <
0.01, W% 1),
2.4 WHHE/NRFHELR CK-7,CK-19 LEBMELLLEE
G LSS A /R 1IE 4 CK-7,CK-19 FHPEZ0
M2 oA T X, T2 AR 22 /NVEDIR 48R 048

TN R
Wild type mice

1 4

YA AELHES RN, oA L RS 38 AR sl e . Mdr2 ™" /N ER
s 554 20 CK-7 . CK-19 B 41 ifg 50 BA 3 36,
HEZREFILEX, HKELS 44805, R
Mdr2 ™~ /INERUFF A 0 S %) IR 086 A T 7 i 7g 4 280
o ZBOREAR TP 4R L CK-7 . CK-19 BHPE 4 A, A4 1]
FEA A BE R CK-7 . CK-19 B4 40 i B AN B/ N
FEOM A AT AR E R 5% (WK 4) , 2565
TSR B A Y e 2 R, BT A A R B
DR 4 Mg

Mdr2FE R B/ R
Mdr2--mice

2 Mde2” /MU IR IE 25
Figure 2 Morphology of liver tumors in Mdr2™~ mice

HFATR /N
Wild type mice

é

HE

Mdr2- /) i 55 4L 21
Adjacent tissues of Mdr2” mice

Mdr2/IN BRI 4 21
Mdr2” mi i

FAPRLL Gt
Sirius 3 : :
100pm L ~ 100pm
. Vi X < ; = R0 T B
3 /NRUFZHZ HE FIRARPRLLGE R (X 100)
Figure 3 HE and Sirius red staining of mice liver tissue(x100)
F 1 WLUNEUMTE ALT AST AFP K- ( % % 5)
Table 1 Serum ALT ,AST AFP levels of two groups of mice( % + s)
4]
45 n ALT(U/L) AST(U/L) AFP (ng/mL)
Groups
pill
ﬁﬁi;.: 5 5.85 + 3.21 4.28 £ 0.60 0.81 = 0.10
Wild type mice
e e
Mde2™ "/ B 9 39.34 + 19.04™ 20.71 + 7.34™ 2.40 £ 0.79™

Mdr2™ " mice

T SIEW IS, 7P < 0.01,
Note. Compared with the normal group, P < 0. 01.
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Wild type mice
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CK-19 |

4 PHAH/NEUTF CK-7 ,CK-19 YL g5 Bt Lt (x100)

Mdr2-/IN B 55 L 2R
Adjacent tissues of Mdr2”- mice
2 P RN

Mdr2-/)N R ITRI 27
Mdr2-- mice tumor tissue

: "r}':-' s
o Toopm Lo

Figure 4 Comparison of CK-7 and CK-19 staining results in the liver of two groups of mice (x100)
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CD1 /NS ,/INERAE 8 ~ 10 H BRI i 30 i 2 285
WLIRTE 11 ~ 15 A IR 2 B0k /N B 5E T T
20 MG . T Engelholm 51 I # H] CRISPR/
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(fibrolamellar hepatocellular carcinoma, FL-HCC ) ,
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