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Humanized mouse models for liver disease research:a review

REN Xiao-nan, ZHOU Xiao-hui

( Shanghai Public Health Clinical Center, shanghai 201508, China)
[ Abstract] Liver diseases post great threats to human public health globally. Lacking of appropriate small animal
models largely impeded the translational studies on human liver diseases, especially on viral hepatitis and related cirrhosis,
hepatocellular carcinoma, etc. By human hepatocyte transplantation, the liver-humanized mice have significantly contribu-
ted to the researches of human liver diseases. This review summarizes the currently widely used and representative human-
ized mouse models, including uPA, FAH, TK-NOG, AFC8 mice and their applications in studies of human liver diseases.

[ Key words)

Humanized mice; Liver disease; Human-mouse liver chimeric model

JFPREE 2 2 e 288 ft B e ™ T PR 2 —
Hor SCUAR s HEIF R Bk 1z, ettt S A2

/N SRR A D RETE A N ZEJE A 40 il sl 41 41
/N BRUBERE A S NS AR N (in wivo ) BIF5E A 376

ZUMFE R DA B GE , 2R HET4A 3.5 /C N
JET LRI S Tl 2, o 204 1.2 42
KBTS AN LR S Al R A 0 9 45 0 o 14 1
FAWA G, BT ARSI S 2 TR
s ZLAG BN SN SR R EAT BIR ST, 453 /N S A
TR = EARKAE BE R T AT e H s
AL 2R g 3

PTAER N JRAE /N ﬁ&kﬁﬁ“ﬁ%@d\ BRI f 2
SN RESR BT S TR 518, AL

[E£WB] TR LRI A LAY m H (3 H 45 12140900300 ) ; LT BAMT AT ZE RS

PREARBLTY  FLAE N 284 S8 i o vh R #E5 3E
WHEBMIER T A A /N BB )2 7 G
e VNN S T e VA Ok e SPNE Y B oS8P
HRETR 2GS TR P A 5 DRl 5 RT3 A A o8 P R
JFAH A5 AE T, B 15 B A 7R B 2% 2 1 T %,

AN, BT A T AR, AR A RN
FRBIRI AT DAL 2 AR I I R B R L 7R, 7
SRS 200 B 52 17, DA T 68 O 3 0 1F 5%
FIRA o BUEA B i IR0/ BRAS B fF

RHAIF R A (BT H g5

20144Y0073 ) ; b3 283t A= i AR O v D RHFAS T 300 H (39 H 405 2014M08)
[{EE RN AT HeAR (1986 — ) , 2, At , NER T R IR AH S PRI 5T, E-mail ; renxiaonan66@ 126. com

[BIREE ] ABENE(1971 - ) 5,

B ##% ,E-mail ; zhouxiaohui@ shaphe. org



96 T E S26 Eh ) 2F IR 2014 4F 10 H 5522 %555 W] Acta Lab Anim Sci Sin, October 2014, Vol. 22. No. 5

o
&
5
o

1 Alb-uPA /NRIEE

1.1 #EEN

1990 4F-, Dr Brinster’ s A ARIFFE T —Fhf% 5
DRIZIN B, X e BE DAL /N BR Al 1 /)N LAY PR DB 2T 4
R H% B )R 5 L ¥ (urokinase plasminogen activator,
uPA) 7 AZ F) /N R AF A & B (albumins,
Alb) 3381/ J3 3 T Rl wPA ZEDAE JTFRE A Y
W ERIRFENE S wPA S RARE &, F RS SR
SPYEE RT3 AR 5 a2 DR R A A
JUEHR ML MTAE 2, )12 00 JTF I 2 M 0 2 S 308 P A0 1T
& T A4 1995 4E, Rhim fE Swiss athymic
(nu/nu) Alb-uPA /NS b I AR A T IR IE
UM 5 IK[E, Petersen 7F wPA-RAG2 '~ /N,
BRY E IR AT 3k BRI A0, TR
£90% ', ZJ5 Dandri ¥ UCHRIE T8 A4
BALF] wPA-RAG2 ™~ /N B (R AR AH RCR AL N
15% "G AS Bk RO A= 4k SRR IR RS R R
FifiJ5 , uPA-SCID ( severe combined immun deficiency )
NSRRI BE ST, BT wPA-SCID 2858 /MR A B
JF A A A BB , B R E BB, F
AT 40 3 e /0 B B 9 T 40 i 55 5 5 A3
Meuleman 252 {E wPA-SCID Ze58 /N, 53R 9N
JH 20 i B AR T iR 3 50% ~70% , ARt
W HBV! R HCVE ' o 25 4 T LR 2 s gk e
uPA-SCID /N, uPA 3K/ BUS BAT 2 BB
5 (RAG2 B SCID) B/NRZR A4S & a , iR A
IR RS AB AR D | (H TR B AR, e/ B
ARG 2 NS PR sE iR A TR
1.2 fREkm=

VRS fie 7 B AT ik 5/ BB, Alb-uPA /1N
SR ST AR TR F 5 A1 T Bl AR B LA
TR (1) /N BT 5 728 T 2H 2 Rl % A 1
ARG 5 G B (2) NI R G 5/ RIBE RS0
AT DR 5 (3) A A T R
99% )5 (4) BRI NP4 IR B TF 2 E B 2
YA I 5 (5) A4 ML AE /N B N AT 3 i 22
(DN R 5 S G E (VN 21 Vi O

1T SCID /N B A SR 2 B B, A 7512 /) Bl A
RIFESEBRIH B0 T A0 R R, (1) A= 5400
BURAER G, 280 T 775 4 ORI T I8 s 5l i
I, FARE HEL, F57E RIS 2 N sE i tE, T

ARHMEREKR 5 (2) Alb-uPA /INERUAY 52 L2 1140 i 7T i3 ik
FALHNEBR wPA FERENT) IFPOE 5,8 ~ 12
JE| BV 52 B A I, 52 i % A H 200 R ) 34 5
(3) Alb-uPA /NRBHL AN ML I 25 5 7= HE A I
N, BUIN BB D RE 7, 8 FE FE A5 (4) Alb-
wPA 7N ERUB TR 5 B HEL 1) 200 JRL B30 5, T 5% 7 19 I
A P 28 AP R 25 S PR S ) BT, ASGE T N URAR T
WERRIESE , BRI E A IR AN 20 R 8 5k Y
BUF SRR LS S EEREZ —, Dbk
4 s ERBEBR TR E AT EE AN B A R AR A ST
FINH

2  Tet-uPA INRIEEY

2.1 BEESY

AR b S0 wPA TR 38 DT R 45 il
uPA FERE BRI AL, 5T LR A B T AR AL,
PR AT G B A AN BUAEAF 3, BT LLTE Alb-
wPA /N BRI b, 65T R BT 5T 4T 2009
AEAE Am ] Pathol 23 1 A HI PUPF R % T 4% R 4
(Tet-on) LA M B 25 IR FE A wPA FER 1 77 38k 52
LT T wPA B PR Y ] ] 458 2 08 R SE I 45 Y
A MR (Y SRR A DO PR 2R AT A e
% 2 (Doxycycline ) fF7E M, PU PR 1Y S 205 P 5
rtTA 1 TRE (tetracycline response element) 52454
AR T e RE PR T O 53¢, A 25 57 5ik ) %65 2% I ik
PRl — BB 2 5, SRR S L 1 X wPA 1R (14 RT3
PR, IR0 A S AR b A TS
BEIYUEE Z M 2B i T
2.2 fREkm

Tet-uPA /NRAE e ik T HEA EEAT uPA /MR
AR, BA LU B3 (1) Tet-uPA /N BT IE
WA, IER BEOH, SO T wPA BETC A B R
(2) 3 )R RIF I, 75 S A 40 i B A R
AR 113 AR S92 30 75 R b, W AT AT 4
RO 25 T 5 ) 55 R AT LAFS 4 (3) ATk
JHF RN B A I TR B, N B b B AR B v

SR, T H4EFRF wPA 3K [ HEAT I gos 7 2%
G 15 F/NTT 7 AR A X I B AT, DR TITSE e
AT 7 )RR e R MNTT AR wPA 63 5 iy HL %A
A A TR A A A2 T, A3 6 T IR
o B I SRRRAIE ST, PR Sy i 2 e AR B ] 300G R AR
B2 DT 52 00 21 i S0 T 5 8 T K S i B 1Y
k=S
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3 FAH /MNRiER

3.1 REEN

Fah ™"~ /NELH Groump %7 T 1993 4E 3 57
/N TR T SE B R T £ T £ R K A 8 ( fu-
marylacetoacetate hydrolase, FAH) , 3X/~H§ it i Jc 25
SR A PRI A, (5 S R Wt L LR s K
HEB N SN HEZ . Lagasse 22 3R]
I A 50 /> &4k i B il T 20 A RS e i BE A
Fah ™"~ /NEUFFIE R WG 5, HAT BT 30% 197
JHFA L 2 4 (AL A 240 B BT BRAR, B )5 Hisaya Azuma
ZER2 AR Fah ™~ /N ERN B A T FAH-RAG2-
IL 2 (interleukin)-GammaC ( FRG) = & & Ht 4 14 4
PEGRFA/NBRBLAL, FRG /NRAETE ) 12 MR 22 1 )1
B0, BT DAL RO A 365 45 % 8 4 L 1 1 5
B IEH 2R B AL A A /N BRI Y, A 503 5 18
90% , H B AE I A AL RE S 5/ AR BB WL, 7]
R IE R M F AT RE . Bissig 45 43, 7244
A Fah™'~/Rag2 ™'~ /ge™'~ (FRG) /MR | #%
AR AR N 48 L T A% T LA B 30% ~90% . A
WA A Fah ™'~ /Rag2 ™'~ /I2rg ="~ =3& A Bt
Je/NEH AR B T 90% (1) P52 % [R) s A 40
RIER TSI RE . Bissig i — 050 T
FRG /N TERAC TR () D g , T AT 240 M B8 A s
25510 J7,47 Hi G /N A 13 H/NERY I
A PRSI Z A B H (hAlb) |, H hAlb (/Kb
B BB [A] G T3, Hoh 7 HE G 5 R (30%
~90% ) /NERAR T hALD BY7KFK T 1 mg/mL, %
HIHGTH I AP C 22 B THRNC A DIRE AR K
(A ZE B s HBV FIl HCV Jj 2 25 7T DL 3y b ek e
FAH /MR

3.2 fEERE

Fah ™"~ /)NEUH 0 U8 AT IE 3l P 155 7 B A
LR PR - (1) 3%/ R4 M & A= A 70 R TT
W 7, ANAEAE SE DR D) R IS 16 A ) &, i /N BR
A PN S AE 77 AR AR A T 440 B3 9 ) S B B AR T
FAE B 7 SR IEAN R A2 2F I 13 1A I 400 e ) P A 5 oK
RS AE 1) S MIE A M b /N BRS04 S A B ELAT A /N
RS A7 T 8 e P O 35 (2) O B3 5 ) s ]
AFEEE AT LA ot — S 2 ik B R AT 00 e B
Yo in 2-(2-i R 4- =R W BE) -1,3 H 2
(NTBC) , FTHI ] 4355 ¥ 24 PN I i — 4805 Tl P 345 12

i Fah 9363k, 4 NTBC A HE)S , Fah ="~ /NER
REG K LT AR 20 Hik, i/ R
ANAFAESCI T 1 A ) Tl R, LN BRUO PER IR, A7
A 5 (3) Fah g AT DAVE A 3P40 240 B RS AE 803 1) T
Btz — B8 Ak T 6 AN 20 A PR SR A D
T 5 (4) B RLHERR T 40 M3 5 2 5 1 32 40 g
A B2 TR, RS AR 40 B 5 N 25 7 e wMA R R,
PRI A B 4540 A TP) R 5 (5) i S LA P 5 S
R R A 55, RS AT A A 40 B 3 5 5 mT PR RS AL B R —
AZAR, GE L PSSR P88 A B A E G, AT
AR T AR R TR AN 2 1 TRl R,

B2 FAH /DRI B wPA LR EIA, BTl S
uPA /N —FE A RIFE R BR 1, A T RE & 51 &M
kg i & A . RIS, BROAR AT DL A f B NTBC 3k
2 A 405 (0 s [ AR B2, (F R 3 s i) T 22
RUTE 25 AR 58 i R 7 2

4 TK-NOG /MNRIES

4.1 REUfE I

2011 4F HARMBFFE A M 1 — Rk LAY A
e /NSRS A B R BED R GE 1 L B AR 2
7% (herpes simplex virus-type 1, HSV-1) [ /i) fit 1 g 384
it (thymidine kinase, TK) , 12/ Ji% 1 1 340 ot 9 JHT ik
FEPER Alb 5B FEEI 50 IR R S
( Ganeyclovir, GCV ) iX # % it — & #4 1%, ( HSV-tk/
GCV)RBRG, i Wik K En 2y
YIBTARERR AL Ay i 25 R Y =R N S 1, -
Y24 DNA Fl RNA BERYZE 1B /NGL A B 4R
HARFE, AT LRSI 25 22508, 5 (NOD) -
SCID R /NP 2438 1 TK-NOG /MR, %
FEFIZ/ S BUA A 89 A AR T LA TE 5 b & 5 D RE Ik
8 N ZA . A B M4 T T 24 W A ) st
e ZREvERFTE 1
4.2 fRERE

TK-NOG /] Bl — Ml i e 42 A At s i U8
A ZH 23 S e yRE ] A R A T AN 5 4
HMIRIEZS Y, X TP REAS KM A A AR I IR
AR T ANz AR 1 Sy 25 ARG
FEHA X AT S SR i T AT RE . [N TK-NOG
AN A H B AR G R e (TR I 9 | 5 JE <
o LI ZR T ) AR SR8 8 T

TK-NOG #& B A7 oy — L H, =2 vl Ul
JH- A LA /) B o i A 5 PR AR 228 i GCV ]
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B SORERETT LU SA B — N IR AR AR
5 AFCS /NRIEE

5.1 REFEH

DL b 26 A A/ BRSNS G2
BLuihe , ASBe T 5% 58 s 3 Sk e AH 3G 1) T 928 [
N, WASBE R 9 1 B T DA, XA S AR
RELAS: 1 S AH DG Y S92 2 s LB A AF 5, T[] s 2.
B ANZEHFNE R 5o D RE 0 S 06 P AR /N AT AT
X — R

I,k A AU 2 SN K 2% 10 95 57 1L B R
Dk T W B E A N S e R g0 IE 4 M Y
AFC8 /N2 2R R fE A RG /NS 5t
(1) AFC8 BN A Y, AFCS /)N R R IR 4t
AT -8 ( caspase-8) , [RIF H A FK506 45
1 ( FK506 binding protein, FKBP) 74, /5% A Gt A\
PNE Y el AR S VO o I 1
T8RS A o B B N A/ A A A
AFC8 B I/ NI  FHH — R4k H 1 AP20187
5/ BRUH A M 8 T, DATT 326 56 2 b ol N 288 JHF- 400 i
AR NI i 240 R A AT N 28 G e A0 R B
B ,JE i AFC8-hu HSC/Hep /)N B ( i FX Hu-Liver-
HSC /M)

WFFE N BRI PR 43 85 19 HCV 5 75 PR 322 R 211X
AN RMA P, & B HCV B S 30T /N B P
FEEANAE 2 A0 SRR SR A | W i AR T T
G 22 IR T AR HOV 8RR S5 40 i A 2
N, BXELE B BN ] IEH /N R, B A EE i AR
fe/INERT LABE HOV Bge  IFE B T A 2840 Mt X
HCV AYFEFYE T 40800
5.2 fREk=

X —/NRABAUAR IS A TAF9E HCV G AT
Tk Gy s BRAL A , 30 A 0] BB 18 F - BIF 5 oAt 8 AT
BEALHE HBV HDV 45155 5 09 JF Ik G2 & L, I
HR T IS U 75 259 LA KR v A R A A il
AR T B R/ BB R A5 5% A DL 45 I
R ERIRYT R WX — H bR T HE R —
¥

SRMTAHE 7, 12455 50 (14 S IR 40 B 7 /DS B
R B 3 R AR 30% 2247, ATh A AN X wPA-SCID
NRSERI EER 1 H, 7F uPA il Fah /N BUBEAY
(ZFF >50% 4R A ) vhml LLOUEZR E) HCV I
iE, M 7E AFC8-hu HSC/Hep /) U ih 31 5 &

B, 33 ] GRS AT DAy G290 R ALK AR O i Y
PUHZ A BT 0Tt . A ANt s 752 HCV 5
H B P L BT AT ) R SR

6 RE

NVEACIPIE R 5 A/ B A 2, 8 AT 440 L
T/ AN IE RIS E | B0, L A A PIERY
IEHINBERIE 5 TE M BE Al b R AT A AT 58 78 e ol
FERE bR TSI, RIS SR A LS B
I RETT ST T BB A Z [ A BB 52 H AT A
AR AIBITFERT LA JLAR A A7 5 B i b, B
SR MR RIARAFAE A 25 H A B B 75 B AT A
Wrsth 58 AICHE . ARSI T DA JURE T80 AT IE
NIEA /N A Ry AH DG 58 AR S it 7RI
BRI SE (A, TS BB A DLk s AT 1 AL Y
AR, T LR S5 B R R AN [R] OB/
(ARSI ST 3t Ay S5 6 I 55, 7 52 0 45 2R 5 g v
BRAE AN B S I E 2 O R R T WF P RS
AN DI RE | W TR 27 55 1Y B2 TR ROk
(7] FR AL S SR AT I A 4322 ZR e LR 5 1/ B AT 1A
BT EIRA, BT LS B FPIE A1 B0, SCn)
DAL NG 22 G0 B FLSSR A 30 T AR E
T BT IS AT 00 B R S

& % x #t
[1] T&Ek, EX, SRR, CBIRFR5RE R REBIEIR [1].
fEYLEIE 2013, 26(6) : 369 —372.
(2] oM MR EAEMF R A2 (1], PEEZ S0,

2008, 5(10) : 116.

[ 3] Gilgenkrantz H. Humanized mice for the study of hepatitis C [ J].
Med Sei (Paris). 2011, 27(6 -7) :587 —589.

[ 4] deJong YP, Rice CM, Ploss A. New horizons for studying hu-
man hepatotropic infections [ J]. J Clin Invest. 2010,120(3):

650 - 653.

[ 5] Brezillon N, Brunelle MN, Massinet H, et al. Antiviral activity of
bay 41 —4109 on hepatitis B virus in humanized Alb — uPA/SCID

mice [J]. PLoS ONE. 2011,6(12) : 25096.

[ 6 ] Shultz LD, Ishikawa F, Greiner DL. Humanized mice in transla-
tional biomedical research [ J]. Nat Rev Immunol. 2007,7(2) :
118 - 130.

[ 7] Heckel JL, Sandgren EP,Degen JL, et al. Neonatal bleeding in
transgenic mice expressing urokinase-type plasminogen activator
[J]. Cell. 1990,62 (3) 447 -456.

[ 8] Sandgren EP, Palmiter RD, Heckel JL, et al. Complete hepatic
regeneration after somatic deletion of an albumin-plasminogen ac-
tivator transgene [ J]. Cell, 1991, 66(2) ; 245 -256.

[ 9] Rhim JA, Sandgren EP, Palmiter RD, et al. Complete reconsti-

tution of mouse liver with xenogeneic hepatocytes [ J]. Proc Natl



o [ S B 2014 4E 10 A48 22 %45 5 1 Acta Lab Anim Sci Sin, October 2014, Vol. 22. No. 5 99

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Acad Sci U S A. 1995, 92 (11) : 4942 —4946.

Petersen J, Dandri M, Gupta S, et al. Liver repopulation with
xenogenic hepatocytes in B and T cell-deficient mice leads to
chronic hepadnavirus infection and clonal growth of hepatocellular
carcinoma [ J]. Proc Natl Acad Sci U S A. 1998, 95(1): 310
-315.

Dandri M, Burda MR, Gocht A, et al. Woodchuck hepatocytes
remain permissive for hepadnavirus infection and mouse liver re-
population after cryopreservation [ J]. Hepatology, 2001, 34 (4
Pt 1). 824 -833.

Meuleman P, Libbrecht L, De Vos R, et al. Morphological and
biochemical characterization of a human liver in a uPA-SCID
mouse chimera [ J]. Hepatology. 2005, 41(4) . 847 —856.
Dandri M, Burda MR, Torok E, et al. Repopulation of mouse
liver with human hepatocytes and in vivo infection with hepatitis B
virus [ J]. Hepatology. 2001, 33(4) . 981 - 988.

Tsuge M, Hiraga N, Takaishi H, et al. Infection of human hepa-
tocyte chimeric mouse with genetically engineered hepatitis B vi-
rus [ J]. Hepatology. 2005, 42(5) . 1046 - 1054.

Mercer DF, Schiller DE, Elliott JF, et al. Hepatitis C virus rep-
lication in mice with chimeric human livers [ J]. Nat Med. 2001 ,
7. 927 -933.

Heckel JL, Sandgren EP, Degen JL, et al. Neonatal bleeding in
transgenic mice expressing urokinase-type plasminogen activator
[J]. Cell. 1990, 62 (3) . 447 —456.

Sandgren EP, Palmiter RD, Heckel JL, et al. Complete hepatic
regeneration after somatic deletion of an albumin-plasminogen ac-
Cell. 1991, 66(2) :245 -256.

Song X, Guo Y, Duo S, et al. A mouse model of inducible liver

tivator transgene [ J .

injury caused by tet-on regulated urokinase for studies of hepato-
cyte transplantation [ J]. Am J Pathol. 2009, 175(5); 1975 -
1983.

Grompe M, al-Dhalimy M, Finegold M, et al. Loss of fumaryla-
cetoacetate hydrolase is responsible for the neonatal hepatic dys-
function phenotype of lethal albino mice [ J]. Genes Dev, 1993,
7(12A) ;2298 -2307.

Knox WE, Edwards SW. Enzymes involved in conversion of tyro-
sine to acetoacetate [ J]. Methods Enzymol. 1955, 2; 287 - 300.
Lagasse E, Connors H, AI-Dhalimy M, el al. Purified hemato-
poietic stem cells call differentiate into hepatocytes in vivo [ J].
Nat Med, 2000, 6: 1229 —1234.

Azuma H, Paulk N, Ranade A, et al. Robust expansion of hu-
man hepatocytes in Fah =/~ /Rag2 =/~ /I12rg ™/~ mice [J]. Nat

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Biotechnol. 2007, 25(8) : 903 —910.

Bissig KD, Le TT, Woods NB, et al. Repopulation of adult and
neonatal mice with human hepatocytes: a chimeric animal model
[J]. Proc Natl Acad Sci U S A. 2007, 104 (51): 20507 —
20511.

Bissig KD, Wieland SF, Tran P, et al. Human liver chimeric
mice provide a model for hepatitis B and C virus infection and
treatment [ J]. J Clin Invest. 2010, 120(3) : 924 -930.
Lindstedt S, Holme E, Lock EA, et al. Treatment of hereditary
tyrosinaemia type I by inhibition of 4-hydroxyphenylpyruvate diox-
ygenase [ J]. Lancet, 1992, 340(8823); 813 -817.

Grompe M, Lindstedt S, Al-Dhalimy M, et al. Pharmacological
correction of neonatal lethal hepatic dysfunction in a murine model
of hereditary tyrosinaemia type I [ J]. Nat Genet, 1995, 10(4) ;
453 - 460.

Al-Dhalimy M, Overturf K, Finegold M, et al. Long-term thera-
py with NTBC and tyrosine-restricted diet in a murine model of
hereditary tyrosinemia type I [J]. Mol Genet Metab. 2002, 75
(1):38-45.

Bissig KD, Grompe M. Response to “can ‘ humanized’ mice im-
prove drug development in the 21st century?” [ J]. Trends Phar-
macol Sci, 2013, 34(8) ; 425.

Hasegawa M, Kawai K, Mitsui T, et al. The reconstituted ‘ hu-
manized liver’ in TK-NOG mice is mature and functional [ J].
Biochem Biophys Res Commun. 2011, 405(3) ; 405 -410.

Ito M, HiramatsuH, Kobayashi K, et al. NOD/SCID/gamma
(c¢) (null) mouse: an excellent recipient mouse model for en-
graftment of human cells [ J]. Blood. 2002, 100(9); 3175 -
3182.

Hu Y, Wu M, Nishimura T, et al. Human pharmacogenetic a-
nalysis in chimeric mice with * humanized livers’ [ J]. Pharmaco-
genet Genomics. 2013, 23(2) . 78 - 83.

Washburn ML, Bility MT, Zhang L, et al. A humanized mouse
model to study hepatitis C virus infection, immune response, and
liver disease [ J]. Gastroenterology, 2011, 140 (4). 1334 -
1344.

Bility MT, Zhang L., Washburn ML, et al. Generation of a hu-
manized mouse model with both human immune system and liver
cells to model hepatitis C virus infection and liver immunopatho-
genesis [ J]. Nat Protoc, 2012, 7(9) : 1608 - 1617.

[WFERHEA] 2014-09-11





