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Research progress on animal models of exogenously induced
primary biliary cholangitis

CHEN Haiyang, ZHANG Wei "
(Longhua Hospital Shanghai University of Traditional Chinese Medicine, Department of Infectious Diseases, Shanghai 200032, China)

[ Abstract]  Primary biliary cholangitis (PBC) is an incurable rare autoimmune liver disease with low incidence
and an unclear pathogenesis. Studies have shown that external environmental factors have led to a yearly increase in
incidence. Therefore, it is of great significance to establish an animal model with similar pathogenesis to study the
pathogenesis and treatment of PBC. After reading relevant domestic and foreign literature over the past 20 years, we
summarized the method to establish PBC animal models induced by various exogenous substances. Various exogenous ( 2-
OA-BSA, polyl:C, N. aromaticivorans, AMA antigen and BDP) and analyze the characteristics of various modeling
method. Induction method of PBC animal models are summarized and the characteristics of various modeling method were
analyzed. We provide a reference for researchers to choose more suitable animal models, explore the pathogenesis of PBC
and develop new drugs.
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Jt & PR IH 3 P IH 4 48 ( primary  biliary
cholangitis, PBC) , SUPR i & P IE P A £, 2 —
TR PR PR TSR B, HRRAE S N /N IH
IR, 1T Bk ) R R E | £F 4 4k, e & T BUR 4L,
PBC 1Y IfiL 7§ % 4% 1E J& $1 & A0 4K $1 4K ( anti-
mitochondrial antibody, AMA) FHYE, X & — R 72y
95%1) PBC BB P & BRI i85 P e B S M A
ZAEZ AT AR Y] PBC B AR R H
8.55/100 Ji/4F, 'R 118.75/100 Ji/4F, K[
FURTTC 16 72 & 38340 2 BB 0 40 22 5 S 280K
S EAMRAT G A o R A R IR
FEYPR T M X AR TG P LA R B R R R A S
FERANRT T Chen FETTEXT HERRTHLIX 19012
2 TE B P B ARPriE M2 A (anti-mitochondrial
antibody subtype M2, AMA-M2) F*) i 1€ 94 2 H & B8R
A AE B SRR i SR B I WA DA B A G % 51
FHOAN R SE R R, BB AT 2l s
Tl DX, PR TS Je A 2 23 TR L X AR PBC AR
Hag e Probert 517 AE B Y IR 37 & BT AT LA
P B4 A Ak Wl 2 Ak RN 75 S JHEAH 40 AR 0 T i Ak
P, HAE S — M S AR S 1R A AT 200 i A 35
P 3 HLAT LG ik SRR R Wt AL R A R B AL T
WA E SN B2 S s G, 2t
FERANIMIRAE A 7 24 Wy 55 nl RE S8 A8 A A
TR i U 2 59 E2 50 ( pyruvate dehydrogenase
complex E2 subunit, PDC-E2) o H:Ath B &5, &
A B G oy BT 32 1 32 2k T 75 & PBC 1Y
KR SRR RS Y R T Rl R PR R
XF PBC A& (520 | I LAAG oS5 b5 5 PBC
SRR D7 AR AT RS (R 1) U
TEARAEHTST B Rt 2 p sy

1 AYESER

1.1 2-FHREMEBES MiE B E 8 (2-octynoic acid
BSA conjugate, 2-OA-BSA ) % S5 7

Y RZH PBC (8 H #REA AR B2 A HL Zoks
PRGUAR BN, X SET AR Y B B0 2 2-5 R
S 52 A 1K (2-0x0-acid dehydrogenase complex, 2-
OADC) BIRG B, F¢ 02 PDC-E2, S | X LE 4R
W 57 2 A8 Wil 1 28 W &k A 58 U
W02 2B (2-octynoic acid, 2-0A) AV HA
TEPR N PDC-E2 (98 Ty, T HEE 29, B
PN REZ U A R AR SN R AR A R 2 e 2

HOLAE SR R

Wakabayashi %' 5 5668 FH MR 2-0A 54
1L 2 H ( bovine serum albumin, BSA) {84 (100
ng/25 pL) , XFHEPE C57BL/6 /NI T S i3I
FHIZE PBC iR, ATk 2-0A-BSA 552
4 [CAAF (Freund” s adjuvant complete, CFA) fi}}
L T E R S, G K 2-0A-BSA 5 ASE 4
I AL (Freund” s adjuvant incomplete, IFA) 4T
G BERR 2 JRD AR R/ U S T4 1 U H7 28 12~
24 J& , ARRUEEAE . S AR SRS 4 A S i vE v R RT &G
M F] PDC-E2 47T M B JF 35 T v, 8 & B ik
100% ., MEEERBER T o( tumor necrosis factor, TNF-
o) FIF3E 2 v (interferon-gamma, IFN-vy) 7545 4
G AR T4 TL-5 F1 TL-10 JEAR %4 748
b, A2 s 14 JJE DR o 1148 I e
AR /NI P B0 O T N B TR 2 O
i, FFPI CD4/CDST 4il A i LB R4, 1 CD8™ T 41
MEAECR B2, Lleo 221" % B #F PBC B %
w2 AR IS TR L 1148 X A7 AE LU Y CD4™ T A1
CD8" T k4R, HARIZAALA PBC S ALH
A T bR 2 A 2 ) L 2T A A 3 A s R T
DR FEURRE B 1) A O I o H0T SR A AE B B, BRI, 2-
OA 1] JH T Z Fh/N RS R AL 3 /N RS k5]
LAY Y AL B RS | R B 2-0A 5 S BEALRY T
NS (PR R

Wu 25120 Chang 25" % 21 2 LB 56 o 28
Jfit (-GalCer) B iNKT 20 il 23 0 878 X AR AE
N REAES 7 | TR 2 O BRI 27 4R A A A= e
JrLA Chang AL e AR ) S 0 JBRLL T
TSN, 55 0 a-GalCer FH 0. 5% 7 20 ¥ f# AL 0. 2
mg/mL, 10 pL 430 565 1.2 3 IR BE LRI AT 1
d FKES 2=/NRAR I . O BB UG SN TR
PE 4 & Fe B BT I B e (4 T KA | IR 455
FONKE R EIE G 12 A AR AT 48 5 AMA 7=
Az RIS BRI IF£F 4R AE AR R 42 . Zeng 257
Miyake %5 %) AR 45 33l 67 928 /) BRUASE AR 34 % #1L iNKT
MR A FPURN R W EA Bk, X EA
LIHANGE N M 5e 2 5 PBC I & e, T HL5E Kt
eI TEAR I A LR e SR vh i 3 F BT
1.2 B A # B8 M 1% UE #% F B8 ( polyinosinic-
polycytidylic acid , polyl:C)iF S

Polyl: C & —FTH R, il 1 B THRER
(IFN-1) B 7= A= FU R JiF IFN-o/ B 32 AR #5155 1
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Table 1 Summary of animal models of PBC induced by different exogenous substances
TERY) o Ab PET5 v REALIE FRAL Bl 5, ML E= BTN
Inducer Processing method Advantages of model Model shortcomings Application Reference
2-0A-BSA 43355 CFA HI ,
" , ‘LY S PBC
FA #B 4, BB E SF 48R0 M2 i B, TNF-a e
CSTBL/6 /NEL 2 JH/UC, ¥ TFN—y FF 5 s 14 J8 30 4% 1X ik 12 40 VEJF*E%&%%“Z
B12~24 B, BIETRAE RN, HERGEE K, & 4P ERENIK, 5 Xj“ P;é W %
BUZER_ B o-GalCer,  TERAPDNERBERT S, B pUA o i £ AL o
o " .. 2-OA-BSA was coupled with At 4 weeks, M2 antibody was AN, Jue
2-37 LR 1B B K . . Study on the
e s .. CFA and TFA, respectively.  positive, TNF-a and IFN-y levels Drugs are expensive, the .
A HEA . . . . correlation between [ 10-14]
C57BL/6 mice were increased. At week 14, lymphocytes  modeling cycle is long, and .
2-0OA-BSA . . . o K . o environmental non-
intraperitoneally injected for ~ were infiltrated in portal area and  the experiment cost is high. aini 4 PBC
2 weeks/time, and the bile ducts were damaged or There was no obvious g a.l.r(llmg ar;t d
model was established for 12 disappeared. ~ The  pathological  change of liver fibrosis. merdence. S ,y o
- - . . . the pathogenesis of
~ 24 weeks. The modified manifestations of the liver were more i
. e PBC by modified
scheme was supplemented  consistent after modification. . . .
with a-GalCer innate immunity.
SCHG AR, 8 JH M2 P B,
IFN-o 383K, A 0, A BBl Y L R AR
Polyl:C(5 mg/mL) JEJiEid: [ CUAH IR E W, 16 JRIX 3] R i il LS L PBC (1)
f C57TBL/6 /NER 2 IR/ J& i o R AR F .
o 5t N 2 /A B E?il‘xﬁﬁx,ﬂ?%% PBC 35 57 %5 W
BN R MmE 1522 28 JH . Experimental cost was low. At 8 55, Wige
NEAZH IR Polyl: C (5 mg/mL) was weeks, M2 antibody was positive,  Extrahepatic  inflammatory D e b for th [15-16]
Polyl;C intraperitoneally injected  IFN-o expression was high, the bile  lesions similar to PBC also ) I'thg res?archBOé ¢
into C57BL/6 mice twice a duct was damaged, and the appeared in salivary glands, reatment o ’
week for 28 weeks. infiltration of lymphocytes around  pancreas and kidney, and
the bile duct was obvious, and the liver specificity was weak.
peak was reached at 16 weeks.
2-0A-BSA T Mot BaR Uik R I, AR R R AN R A e e . w
o " e SR AR S, BB TR PBC B ¢ WK 4T
SRNTIRNE 58 A, 0 DL 34 25 FEF AR . N
- - . . M. w7 BB
T8 I A 1 iR According to the Model time was shortened , . . .
L ) . Cost of the experiment is  Study on the [17]
2-0A-BSA combination of the above lymphocytes and proinflammatory . . “ L
. . . . high, and the mortality rate Second  Strike
combination methods, the model was cytokines were increased and liver £ animals i hvpothesis of PBC
polyl:C built for 8 weeks. pathological features were observed. Of AIMmATs MEreases. YPOTIEsts O ’
N. aromafici?\)off&ﬁ B E%ﬁ?ﬁ%%7ﬁ¥f§ Lg(i, ?E%% SR H 5 A I R 75 11% E7] % ESg
114 KBRS 8 NOD - RAEANAMEIR I, IMAE RGN E ; PBC & ¥ #Y Bl 1l
i LT REALBUE AN e
e i e /DL R 4~ 8 JH Ji e . S W,
BT S AT T .. . . . Experiment is cumbersome
N. aromaticivorans  After infection, high levels of IgG K . Study on the
N. . . . and requires high . . [18-19]
= suspension was  persist, inflammatory cell . . pathogenesis of PBC
aromaticivorans . . . T . ) experimental conditions; the
intravenously injected into infiltration in the portal area, bile . . . caused by
K changes in liver fibrosis are .
NOD mice on days 1 and 14  duct  damage and  granuloma © obvious environmental
for at least 4 ~8 weeks. changes. fiot ohvious. microorganism.
C57BL/6 /NRUEIE I T M2 HriR PP | Bl i AR B e g .
CSTBL/6 NRITETEA M M2 GRRIRERR, MILBRMT g s mmm i,
PR E A IR AR 100 IR IXCGOAR AU R I A ., BT FLT 4l A
PIRRADUR ng/200 L, & 66 Ji, SRR, Fxre;imemalxcondilionz we TBC B2
Anti- C57BL/6 mice were  Positive rate of M2 antibody is B P . . BT,
. . . . . . . . high, the modeling cycle is [20-22]
mitochondrial  injected intraperitoneally  high, alkaline phosphatase is . Study  on  early
. . . long, and the changes in . .
antigen with 100 ng/200 pL of elevated. Inflammatory cells in the | 0. diagnosis of PBC
. . . . . liver  fibrosis are  not
recombinant antigen protein  portal area are infiltrated obviously, .
. . e obvious.
triplet for 66 weeks. and the liver specificity is strong.
BDP 5 CFA Fil TFA FLAL 3/ 94, M2 ¢ B4tk 3
AT CSTBL/6 /B 1 Ik EL 40 M 735 1 3 i V48 X R AE - 8 N
PCTIEA CTBL/G /RBLL G OROR AL TOCIIE oo | kmmssitsann  poe %0 70
e Yo/ R4, AN, WALER
JHEE . ZEEOE TS,
. BDP, CFA and IFA were Short mold making cycle. The . L
Bile Pathologically, there were Molecular mimicry [23]

duct protein

emulsified  subcutaneously
into C57BL/6 mice once a
week, and the mice were
modeled for 4 weeks.

positive rate of M2 antibody was
high and the lymphocyte activity
was enhanced. Inflammatory cells
infiltrate the portal area.

bile

damage and granulomas.

no changes in duct

for the pathogenesis

of PBC.
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%38 o FT MR 2 A S 2 B R R R
RN RS PR A IFN-1 S RS LTFE A
BN R BRI E , SR SUR G RER Y £
RGNE [ B R PEERN B A RS A TEN-1 (13
% JF R TFN-o PR 45 56 R e sk 18 > | kg,
2R B AE T A B S e M i 1 L il
ATFmZRIrma B E BT A S REEFLEn
e AR B AE 7 4R TFN RGEAE A B e
PEPIE I &I HLTR] RO

Okada 215 i FH§ IFN-1 A5 57 polyl. C &7
H B e A RS iRl 7.6~ 8 JEIIY
WEME CSTBL/6 /INBR, 4 i I TE 5 2 IR polyl : G, LA
5 mg/kg Jy IR AR AR B, S A 28 A, L)
37 PBC /NERUAEAY | AERRR 5 A 8 S5 A 4L ]
DLABAS 5493 , REAES ) Bl o 28 400 B0 v B &, 1) IX
IR B AR R AR AR AR 16 SRR B i, L
ARFREYERFIX —KF, BN 7E 8 J8 IS nT LA
i) [ Shuik, 2 24 J5 5 87 % AN B AT A T
AMA, BEAb, IFN-o 7E3EAR 4 JH E 4 m ik HE] 16
JalJ5 IF 4R BEAR, 24 J8 Ak F 8K A R A&, Hanada
08150 Sk TFN-B 1 IFN-ac 1 LA 74 82 0 20 AR 45 440 i
BT RE R B BE T B, 3 o OAR BRI 5 AR
SKIE ARG A0 A 3 . SR Stewart' ' DAk B
FHE LW A S PRI 2 5 47, TFN-a I
FIRMEH T IFN-B & B R IR, AR
XRS5 g BRI A P I, AT RE S Ok oAt 40
HL PR3 PR 8 BT, 2 T BRI ZEER R A
Tt —2 T
1.3 20A-BSA EX# polyl:C F SR

Ambrosini 271 IA 5 20A-BSA 5 S PBC #
RUPF£F 4 Ak 5 95 B AE AN A5 6 I 300 I 2 446 19
FHAES , FFLATE LR 2 E RS polyl: C, 353 T8
UFRRCR . WA DT 5 7E B IR 20A-BSA BX G CFA
M S 5 B 3 d A 5 me/kg 7 Y polyl
C, Tl 8 JEJEAbFE/ N, F1 20A-BSA 75 111 AH
P LAR S, AR TR . 9 35 2 204 A ) A 3 1 ik
EL 2300 A 25 A R IR 53405, B R AR
LA CDAT 40K A Y . AR AL B polyl :
C 5 FAYBRL Th 40 HF 1L-12 . IFN-y F1 TNF-«
Wi CD8™T 4 Jifd 1 g i A 41 i 0 e 38 22, 1T kI
B X RAE FEFAEALTE A (2, 1 A1 s A s i) 5
8 J&l, HJZ polyl.C FI A &G oy R4, WA (4
Je AR ™ A IR s S, B e T B BE TR

polyl:C 1 20A B s T T #EAT RS, k5
PBC N [al Hofly A B S e i — ke JB T2 RS0
PRI

2 HRESER

2.1 REYESER

WMATHRF TR Y] PBC 55 K PEIR BB A
K Selmi AFY R B PBC B ML TH X
( Novosphingobium
aromaticivorans) ) J& N 3§ P X K B AF
( Escherichia coli ,E. coli) 5 1 100~1000 %, HJ5
N —2H% N. aromaticivorans E. coli %5 Z2Fh 21 1A
PDC-E2 NZ5FI 2L 1R 7 51 0F L BT & 5 2%
(4 PDC-E2 HAT e e (9 [A] P50, JF ELAEXS L JLAH 20
W55 PBC BEAVRR S , A N. aromaticivorans Lt
ZHIHR Y E. coli WRATF 1A ( Helicobacter species, Hp)
ZLH AR S PBC 1%

Mattner %““1@ F N. aromaticivorans ¥ 1% 5%
i 5236 Y ELAT .25 A B S s PBC /RS
ERJTEEANT 4 N, aromaticivorans 40T B (
100 wL &4 5x107 4>) . 200 T4 1 KA 14 K
V8- 40 R R K T S 3 4 ~ 20 JEL R AR B AU BE DR
( non-obesity diabetes, NOD) /N A4 P 47 776 1A Jg&
Yoo BERVRR R TR RIRGE 1A H S /D BURF BT R85
BIOWG s A UM A A K (major
histocompatibility complex, MHC) IT 284> F-7E 52 451 /N
JEAE Y3 5 AT DL ™ A 1) ki T A I AE 45, OF
PER IR T e U, XA R ARG E. coli 1)
INRIFHLI AR B, 185 6 D H IR T TIKARAE
BT ZE MY B L E. coli Y2 HAA I R
ZE5t o MR RIS 2 J8J5 /I BRRD H B8 PDC-
E2 Al AMA FYSREE AT T b I 40 M 3R 9 /) I AS 1Y
MG IEFRRBAC I ] = 7K1 TG, B it , i Fh
RERIENA L5 A28 PBC & J& F A2 vp AL (%) T 47
YA R, HA B 5T R B3 T 21 44k k02 R B
WAl REE M T NOD i £ 15 5 2T IFN [y &
B XA R PBC B I K AR T RE 5 B Rk
Ty B FE R A 5& . Wang Ly S E. coli F1N.
aromaticivorans B4 NOD /N7 PBC #iA s K
E. coli JEH/IN Rl 2 U B 1) IEAE S A 451495 0
H7 A W /) AMA, SR TS PBC A8 2 1ML 5 AH
L, E. coli &L /INERXT PDC-E2 1Y Il 3 2 Hi 44 52 1o
AT A i Wang IAH TEYL E. coli

aromaticivorans , N.
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S R AT G 2 i 2 IF S B BT PBC B
RN,
2.2 mEREHETERE(AMA 1R ) FSEE

B [ () — 001 R AR5 & BRAG: M2 HiA B A
TCAEAR S A BE PBC AEAR FARAE 22 Rif , A 8] 7] B
Kk 10 RAFZ AN . H ATHEE B B0 T A9 1
AMA R Ry S M AU R R, A — 343
WA B2 B AR X PBC 12 W7 i Uk
B8 JE o #EE, Kikuchi il Miyakawa s l48] gy
AMA N B2 A B e B IF 4 8 O 2- 5
I8 S 52 AR G B« VY T 7R I LI A R B2
(PDC-E2), X #f 2-% 4 M i & B 2 & 1k-E2
(BCOADC-E2) 1 2-% B¢ — g Wt A Wil 2 & 1K-E2
(OGDC-E2), Jf H &k 3 A 4L B H5 M IG5
BCOADC-E2 1 OGDC-E2 £ 1] DL W 1Y, 2 4E i
Moteki %505 28 BURT N 2R 2 (R BT R O TR &
Yy, B 3 AN ] S0 % 235 # 3 A A8 T b, iy 4% A pMIL-
MIT3, i F PBC i A K il & 3] LA B I 2 & A

Jiang %520 MRS FE DR TR A0 7 0 IR
RN U5 R4S A R R 1 B R (4L AMA
HUE) RIS EAD, PBC AR A2 Ay
/N (C57BL/6) — UK NE e Ve S B 2 P S 1 — B
4 100 pg/200 pL, FEAYARE S FE P 66 i J5 i 2
SRR FF/IN I G B 96k B 440 i 3R T R 40 iR IR A8 3R
PR, I HL AT DL YA DX bk B 44t g 32 v /N LA 5145
ML H AMA-M2 HUik BHPE 5 100% , I H A8 T
W (ALT) AL R (TBil) T W28k, UL E4RAE
5RE PBC AL, IAMNEA AR S, RO

il B A R A T4 BY PBC R Y 0 A8 1

Miyakawa 55 # 3 5e % AV cDNA F FHBH T % 1)
IR G BE W B2 ok Tk AL 25 1, T PBC BATENR
NHIREI A 90% 5 2 /0 1 AN H 438 H & S
B
2.3 BEEEE (bile duct protein, BDP) i S1&H

A PBC &9 Y SLEVERAE , Ma 25615 38 5 W] U5
BDP 557 7. PBC /N R | A5 1
8~ 12 JHi/INEL(CSTBL/6) 0 ik | ki v R o7 JIe
JEHE TV, 10 min J5 BYET , FH R Il 2 JHF 240 e, L
BT L EEAS BB K RS B T RO B SR TV
HEY 10 min, 7 25 R BHA 0B, 7E WL £5 22 o
Eh/K (PBS) Hkisk 3 KA K IHE R E T PBS, il &
JRAS A B A )0 P T R E & . K 4 mg/mL

) BDP 5 CFA S51&FZLIL, 52 271k )5 , B BDP-
CFA FLRI7E/N RIS #8205 J R g, B 1 IR, e
£ 3 ., B BDP 5 IFA FLAL, BDP-IFA FLHI{Y
TEf e — A e fi i, BDP-TFA 4b B 1 J8 5 4b 5
INELHEAT A3 BT AR R AR A R B R BT bk
A5 X R A8 JR] Pl 7™ B 09 JFF AR S 0 R, T 0 g
CD4" T F1 CD8" T 4f M A& AN RS m . DA
Kerb T 240 M40 AL 2 3 200 b 2 i 1) 5 5 bR 40 ik 7 JHF
FR B AT BT, LA 28 v g i AR R
UL ROV R LTS T AMAs 100% B R340 T
M35 H 1) AMAs, @45 $1 PDC-E2, BCOADC-E2 Fl
OGDC-E2, ZA5 A k) g 7 5 B T IR B s, i
N PR R R FRAS 5 ik 5%
{23 PBC &5 .

3 WHtERE

B Tl PRAEAS IR BRI 5T (RS 52 56 R A7 9
SRS, ShP RS R A T 4R PBC IR IR T A
Al T, B HFT R IE, PBC B &R HLEITI SR
AN, FORXHZ 0 & R BTG A —E T
fitt, AEZLAAIHMAR (ursodeoxycholic acid, UDCA ) J2&ME
—% FDA WIER—£6 2547 (Hd Ak & %
NEYHIRFR AR REARAR &, R PriE IR A
35 30% ) PBC H#E T UDCA R RAE, WA R A
AL 2= 3 15 I JAE 1 K A2 2% T 25 by ik ey I it
b, H BT BN RS AE, X 2 fB A 2 Dl R R =
JF B s ARG, AR I PR 4 DL R 25 2 Bk
4 UDCA WAUAY AT DA 1L 375 AR DG F8 b, 5 Sl
FH UDCA HHHE , RHREAR FNFE T 28 (1) 5% i I e A (. 3

S I, M55 AarE TR A 14 Kk
BLI LA & B 3E 5 PBC BYHIZ

H AT e 7 B sh A L BB PBC JE— g 2
BB, i ANRESE AU B B, AR A TR TR R
ZeISE T [ B S PR = PR 2 TR 2R R gt
RN R F B RE Z R 8, DA B R /N R
BRI AT RE R R R FRATT B P R a7 1k L Rgd &
T PBC HE— [ B BRAS 55 A0 Sh i | B A il
FH N 20A-BSA BE4E polyl: C 1] DA U482 25 sh ks
FUFABE L T3 g B it R A2 2% 1 5 s A 80 )i
ZFTE AL g B N R s AR %, N2 R (AR BR 4
VEMEAS) %8, oUE 456 I 2F Ak R Ak 597 2))
YIRS AR 1k R IE & 2 R R Bk IR &
HEINAT A A2 PBC &4 s i sh ki al
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