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[ Abstract] Crohn’s disease is a chronic inflammatory bowel disease, the pathogenesis of which has long been a
hotspot of medical research but remained difficult to clarify. The selection of suitable animal models for the study of Crohn’ s
disease is particularly important to discover potential therapeutic targets and develop new therapeutic options. As
biotechnology advances, the animal models available for studying Crohn’ s disease are becoming more diverse, from the
original chemically induced animal models to later spontaneous animal models, cell transplantation animal models, to the
widely used genetically engineered animal models available today, giving researchers more and more suitable options. This

paper provides an overview of the pathogenesis and advantages and disadvantages of these animal models, providing a

reference for basic research.
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Table 1 The summary of genetic knockout rat and mouse models of Crohn’ s disease

i BL i EUTES Il R e B RIRTROL Rz
Models Mechanisms Strains Clinical presentation Affected area Application
St g BT MRS, 5 A IEA
= - A Ko~ aly " 2 — e[ 27—
Wit e CSTBL/6 MRL i i il b
IL-107~ . . o . . Duodenum, Gene Targeted Drug Screening,
Impaired intestinal immunity ~ C57BL/6 mice Transmural . .
olitis, appendicitis proximal jejunum,  Complex Knockout ]
COHHS, ascending colon Animal Models!27~2
T G20 M B B | i 3 48 AE WFFE NOD2 X 45 & I 18 9 it
TR $i i 2 4 s £ [30-31]
o csBLes g EPMALSEE Ktz
NOD2 Pan cell defects, increased C57BL/6 mi No histopathological - Investigating the response of
susceptibility to miee changes in the intestine NOD2 to specific
intestinal inflammation enteric pathogens[m’}l]
TNF 55 NFxB 21w I A AAEZ A5 E RAE B
b s s > q55 2E e (32734
B {i%ﬁ‘ﬂ: ‘ CSTBL/6 /ML B AT . n ELI%E[’E?,J%U%L
A20 I'NF-induced NFkB . Spontaneous ~ multi-organ Genetically targeted
C57BL/6 mice . . . Colon L [32-34
response cannot inflammation, malignancy, drug screening" ]
be terminated premature death
T 20 40 A4 50 79 e 8 S g .
1 ~HH Sl 7R N
L csBL/g g PERIBIGRECE SRR
IL-237 . . No significant  clinical — e
Impaired T cell-dependent  C57BL/6 mice . Gene Targeted Research! -3¢
immune response changes in the gut
BN b B AT TNF 35
iR T R . . HEAT NFB AR5 7
NEMO™~ fr?(igeﬁilhej;sen‘ili ity of CSTBL/6 /ML B AL R il a:ljlucliﬁ lil;‘iéffi:ﬂ
A sy C57BL/6 mice Transmural colitis Entire colon e [37]
epithelial cells to TNF- related research!'”
induced apoptosis
f S A S A N oo e 3 3 P ; 25 Wi o 38
1@%%@]&?@@%2’3{ CSTBL/6 /ML A3 BE A ] 7 4% 15 %lﬁl%ﬂl‘ﬁ]a%uﬁﬁi
SHIP™~  Disruption  of  microbial . . Spontaneous Genetically targeted
. C57BL/6 mice - Ileum . 38
dynamic balance transmural ileitis drug screening !
WG i iH R AE e N
IR W T L % W B 2 A A 9 A
DRI CSTBL/GI NI A AL % B 9!
ATG16L17~ Pan cell defects, increased . X . - o X
susceptibility to C57BL/6 mice No spontaneous enteritis Studies related to gut microbes
susce; ) [39-40]
intestinal inflammation and cellular autophagy
W [T 4 Thee s |7 o e >
e W5 5 4 0 A e
Xbpl™~ Pajrrczl dlffunction CS7BL/6 /ML AR R A e =
P . . s ’ C57BL/6 mice Spontaneous enteritis Intestines Gut Microbes and Gut Stress
intestinal 41-42]
- . Related Research’
epithelial overreaction
2% 8 DA S A 2
2 m i AR S A 2 e o
‘ ) . K i 25 GEL@J
oxparne  TNF IR C57BL/6] /NEL  Polyarthritis, chronic Im1 Ji73 R Si %ufmr'ﬂ’i%”flg
Increase in TNF levels C57BL/6 mice enteritis, granulomatous Terminal ileum dene reaty . argf;
inflammation of the Tug screening:
terminal ileum
3.2.1 STAT 4 FIE N B A5 PN CD (¥ Pl e VS ™ 2 4

STAT 4 FE[H 2 — F 45 53 945 B 7, 5 10.-
12 32 P15 5 AT 5, TL-12 3 THIL 4 - 4
IFN-y B3 97 2 56 F 20 STATS 55 3L R /N L

R A SO LT A] BEE 52 5 B9 1L-12 2 5305
Thl 348, B IR R G e -, 5 R S e S5 L
WAL CD LR



692 [ 5256 3hH2F 3R 2020 4F 10 H %5 28 #5545 5 ] Acta Lab Anim Sci Sin, October 2020, Vol. 28, No. 5

3.2.2 HLA-B27 $E3E N g4 il

ANZEHEYHMIPT IR -27 (human leukocyte antigen—
27, HLA-B27) 5 NS5 B PR HE R R B 91
HLA-B27 e 5E R Bl 2x & 7 IBD, 520 /5 | 1l
1%, R AN i, P22 I s 1 A
FRZ AR AR R B S R T Tz
THFFEH BT o 18 40 1 X 15 38 AAE f 2 E RAE 1
BB

4 CD45RB"*"{HinfstEshiptE sy

CD45RB™" 4 ifd 7% L 2l ) 55 78 i 1 3k oK 4y A
CD45RB™" T 4fi Jfd £ F& & 4 A HAE B 5 9 8 ik g
( severe combined immunodeficient, SCID ) /]y ERAK Y,
4 J&J5 Th1 AU 55 J W A R EE 57 IFN-y . TNF-a 7K
S A X NRFE AL RS R S ~ 8
Jl P 3R D i 6 IR B 2, 9 7 LA BT i 485
N F A R A g BERG R S M A ML IR
FIBR S BRI CD R, 45 I 5 i )™ AR
AT RN SZ A /N BRI it R AR [0

5 RW/NiaBENYEE

SRR R SRR IR 12 ~ 18 AR
INGREAET 6 ~ 8 R SCID /N3 i T mii s
Ja Z B, A2 K 12 ~ 16 RIS WGRSER NS, A

5L/ R A RS A 1) B 2 R 62% , FEHE I 11
MBI A B BE4ERE 6 A~ H Z A, 3 H BUBr
A IS BT B, A i T X EL A 3 i B R A Y
KRG HEAE S SRl B A 4 P A7 e N
A s A0 MR SR A T e A, Bl N TL-8
IL-1B8 . IL-6 ' TNF-B  A20 2535 8 7H 5, K4 17%
(8 A S o i T RS AB S A5 A0 2 B kM % AR
B, 35 N CD A% 1 2 200 B 2 A o5 A LA
AT AR R ST T CD B SR Y | Bl

6 iR

IR BRI Y T = H TR B AEXT CD
o R SRt 132 B AR P2 4R % 50, Hodh ik
SEE IR R AR I T R 57 B Bl K B A
P 308 375 P 348 T A 950 el A5 I ke AR R IR
TECR , T3 N TR sh PR CD4SRB" gy p 7Y
LK ST )N iy B AL By 4 A TR 2 5 F 35t A B T8
WRET CD kA&, RMEIFIERBENS S, X

BRI RS A3 H JCTE I T, A gE T R TE
TR T XL RK/NRTCHE & A 1BD, fir LAFRAT AT
X CD AT Z R INWESE . WEE AATX CD 1)
INPLZ W W, 15 € 25 A 8 2 1 s s i gl g or
AT N 53 A AT LR de- il 1) R g o A5 76 1) AR o5 3 R
i I — Bl R R R A R, R H
HIBA —A B — 1 Zh PR Y RE S HEFE A28 CD 1Y JF
A B A R ARAE , {5 44> 3 W A 0 FR AT B G
A CD 1Y A AL S 4l n] FH B35 97 48 S AR g 4
HERF BN, AN SaE > Hh e R S W A T AT AR R 9
o fff U0 B o BRATL AR, A 8 8 T 2 25 IR T T B
13455 , shIE R ) B 2 AT SR s 22 FRAT T P it — 20
ARE
£ % XX #(References)

[ 1] Torres J, Mehandru S, Colombel J, et al. Crohn’ s disease[ J].
Lancet, 2017, 389(10080) : 1741-1755.

[ 2] Feuerstein JD, Cheifetz AS. Crohn disease: epidemiology,
diagnosis, and management[ J]. Mayo Clin Proc, 2017, 92(7) ;

1088-1103.
[ 3] fant, sk REERRRIT R F R R )], SEHES
Zeik, 2019, 35(18) : 2962-2966.

He Q, Li JD. Epidemiological progress of inflammatory bowel
disease[ J]. J Practi Med, 2019, 35(18) : 2962-2966.

[ 4] Catana C, Magdas C, Tabaran F, et al. Comparison of two
models of inflammatory bowel disease in rats[ J]. Adv Clin Exp
Med, 2018, 27(5) : 599-607.

[ 5] Kuemmerle JF. Murine trinitrobenzoic acid-induced colitis as a
model of Crohn’s disease[ J]. Methods Mol Biol, 2016, 1422.
243-252.

[ 6] s, ma/NEE ) m B, JE M o 3l 4 8 Al 1) AT 5 i e
[J]. hE e 2Rk, 2008, 18(1) : 77-80.

Liu DR, Ha XQ, Gao MT. Progress on animal model of
inflammatory bowel disease[J]. Chin J Comp Med, 2008, 18
(1). 77-80.

[ 7] AR BRI S0P, R HRR IR T 1) R Bt PR 45 1 %
SRR J]. EIRBERIR 24, 2004, 29(4) : 486-487.
Zhu DH, Zhang XM, Guo D. A DNBS induced model of
ulcerative colitis in rats[ J]. J Chongqing Med Univ, 2004, 29
(4) . 486-487.

[ 8] Khairy H, Saleh H, Badr AM, et al. Therapeutic efficacy of
osthole against dinitrobenzene sulphonic acid induced-colitis in
rats[ J |. Biomed Pharmacother, 2018, 100; 42-51.

[ 9] Joshi SV, Vyas BA, Shah PD, et al. Protective effect of aqueous
extract of oroxylum indicum Linn. ( root bark ) against DNBS-
induced colitis in rats[ J]. Indian J Pharmacol, 2011, 43(6) :
656-661.

[10] Dothel G, Vasina V, Barbara G, et al. Animal models of
chemically induced intestinal inflammation; predictivity and

ethical issues[ J]. Pharmacol Ther, 2013, 139(1): 71-86.



o E S Eh ) AR 2020 4F 10 H 45 28 #4558 Acta Lab Anim Sci Sin, October 2020, Vol. 28, No. 5

693

[11]

[12]

[14]

[15]

[16]

[19]

[20]

[21]

[22]

[25]

et al. Animal models of

LT ]

Goyal N, Rana A, Ahlawat A,

inflammatory bowel disease ; a review
Inflammopharmacology,, 2014, 22(4) . 219-233.

Higuchi K, Umegaki E, Watanabe T, et al. Present status and
strategy of NSAIDs-induced
Gastroenterol, 2009, 44(9) . 879—-888.

Schmiedlin-Ren P, Reingold LJ, Broxson CS, et al. Anti-TNFa

small bowel injury [ J ]. J

alters the natural history of experimental Crohn’s disease in rats
when begun early, but not late, in disease[ J]. Am J Physiol
Gastrointest Liver Physiol, 2016, 311(4) : G688-G698.
Herfarth HH, Bocker U, Janardhanam R, et al. Subtherapeutic
corticosteroids potentiate the ability of interleukin 10 to prevent
chronic inflammation in rats[ J]. Gastroenterology, 1998, 115
(4): 856-865.

Sartor RB, Cromartie WJ, Powell DW, et al. Granulomatous
enterocolitis induced in rats by purified bacterial cell wall
fragments[ J]. Gastroenterology, 1985, 89(3) . 587-595.
Yamada T, Sartor RB, Marshall S, et al. Mucosal injury and
inflammation in a model of chronic granulomatous colitis in rats
[J]. Gastroenterology, 1993, 104(3) . 759-771.

Sartor RB, Herfarth H, Van Tol EAF. Bacterial cell wall
polymer-induced granulomatous inflammation [ J ]. Methods,
1996, 9(2) : 233-247.

Rahal K, Schmiedlin-Ren P, Adler J, et al. Resveratrol has
antiinflammatory and antifibrotic effects in the peptidoglycan-
polysaccharide rat model of Crohn’ s disease[ J]. Inflamm Bowel
Dis, 2012, 18(4): 613-623.

Zimmermann EM, Sartor RB, Meccall RD, et al. Insulinlike
growth factor I and interleukin 1 beta messenger RNA in a rat
and  hepatitis [ J ].
Gastroenterology, 1993, 105(2) : 399-409.

JEER%, W, BT, AR CNRBOR S R T AT vk )
[(M]. L. BERFEBORSCH & L, 2008.

Zhou GX, Gao C, Xu P, et al. Replication methodology of

model of granulomatous enterocolitis

animal models for human disease [ M ]. Shanghai; Shanghai
Science and Technology Literature Press, 2008.

Matsumoto S, Okabe Y, Setoyama H, et al. Inflammatory bowel
disease-like enteritis and caecitis in a senescence accelerated
mouse P1/Yit strain[ J]. Gut, 1998, 43(1) . 71-78.

Kosiewicz MM, Nast CC, Krishnan A, et al. Thl-type responses
mediate spontaneous ileitis in a novel murine model of Crohn’ s
disease[ J]. J Clin Invest, 2001, 107(6) : 695-702.
Rivera-Nieves J, Bamias G, Vidrich A, et al. Emergence of
perianal fistulizing disease in the SAMP1/YitFc mouse, a
spontaneous model of chronic ileitis[ J]. Gastroenterology, 2003,
124(4) . 972-982.

Reuter BK, Pastorelli L, Brogi M, et al. Spontaneous, immune-
mediated gastric inflammation in SAMP1/YitFe Mice, a Model of
Crohn’ s-Like gastritis [ J ]. Gastroenterology, 2011, 141(5)
1709-1719.

Omenetti S, Brogi M, Goodman WA, et al. Dysregulated

intrahepatic CD4 + T-Cell activation drives liver inflammation in

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

ileitis-prone SAMP1/YitFc mice [ ] ].
Hepatol, 2015, 1(4) ; 406-419.

Cell Mol Gastroenterol

Pietropaoli D, Del Pinto R, Corridoni D, et al. Occurrence of
spontaneous periodontal disease in the sampl/yitfc murine model
of crohn disease[ J]. J Periodontol, 2014, 85(12) ; 1799-1805.
Papadakis KA, Targan SR. Role of cytokines in the pathogenesis
of inflammatory bowel disease[ J]. Annu Rev Med, 2000, 51
(1):289-298.

Berg DJ, Davidson N, Kiihn R, et al. Enterocolitis and colon
cancer in interleukin — 10-deficient mice are associated with
aberrant cytokine production and CD4 ( +) TH1-like responses
[J]. J Clin Invest, 1996, 98(4) . 1010-1020.

Rennick DM, Fort MM. Lessons from genetically engineered
animal models XII. IL-10-deficient ( IL-10 —=/—=) mice and
intestinal inflammation [ J ]. Am J Physiol Gastrointest Liver
Physiol, 2000, 278(6) : G829-G833.

Al Nabhani Z, Lepage P, Mauny P, et al. Nod2 deficiency leads
to a specific and transmissible mucosa-associated microbial
dysbiosis which is independent of the mucosal barrier defect[ J].
J Crohns Colitis, 2016, 10(12) . 1428-1436.

Pauleau AL, Murray PJ. Role of nod2 in the response of
macrophages to toll-like receptor agonists [ J]. Mol Cell Biol,
2003, 23(21): 7531-7539.

Garcia-Carbonell R, Yao SJ, Das S, et al. Dysregulation of
intestinal epithelial cell ripk pathways promotes chronic
inflammation in the ibd gut [ J]. Front Immunol, 2019,
10 1094.

Vereecke L, Sze M, Guire CM, et al. Enterocyte-specific A20
deficiency sensitizes to tumor necrosis factor-induced toxicity and
experimental colitis [ J]. J Exp Med, 2010, 207 (7). 1513
-1523.

Lee EG. Failure to Regulate TNF-Induced NF-kappa B and cell
death responses in A20-deficient mice[ J]. Science, 2000, 289
(5488) : 2350-2354.

Indramohan M, Sieve AN, Break TJ, et al. Inflammatory
monocyte recruitment is regulated by interleukin — 23 during
systemic bacterial infection[ J]. Infect Immun, 2012, 80(12)
4099-4105.

Ghilardi N, Kljavin N, Chen Q, et al. Compromised humoral and
delayed-type hypersensitivity responses in IL-23-Deficient mice
[J]. J Immunol, 2004, 172(5) . 2827-2833.

Nenci A, Becker C, Wullaert A, et al. Epithelial NEMO links
innate immunity to chronic intestinal inflammation[ J]. Nature,
2007, 446(7135) . 557-561.

Dobranowski PA, Tang C, Sauvé JP, et al. Compositional
changes to the ileal microbiome precede the onset of spontaneous
ileitis in SHIP deficient mice[ J]. Gut Microbes, 2019, 10(5) ;
578-598.

Duckworth CA. Understanding gene-environment interactions in a
mouse model of Crohn’s disease[ J]. Dis Model Mech, 2010, 4
(1):7-8.

Zhang H, Zheng L, Mcgovern DP, et al. Myeloid ATG16L1



694

R E 5256 3h WA 3R 2020 4 10 H 55 28 %55 5] Acta Lab Anim Sci Sin, October 2020, Vol. 28, No. 5

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

facilitates host-bacteria interactions in maintaining intestinal
homeostasis[ J ]. J Immunol, 2017, 198(5) . 2133-2146.
Adolph TE, Tomczak MF, Niederreiter L, et al. Paneth cells as
a site of origin for intestinal inflammation[ J]. Nature, 2013, 503
(7475) . 272-276.

Kaser A, Lee A, Franke A, et al. XBP1 Links ER stress to
intestinal inflammation and confers genetic risk for human
inflammatory bowel disease[ J]. Cell, 2008, 134(5) . 743-756.
Butto LF, Schaubeck M, Haller D. Mechanisms of microbe-host
interaction in Crohn’s disease: dysbiosis vs. pathobiont selection
[J]. Front Immunol, 2015, 6. 555.

Marafini I, Angelucci E, Pallone F, et al. The 1L-12/23/STAT
Axis as a therapeutic target in inflammatory bowel disease:
mechanisms and evidence in man[ J]. Dig Dis, 2015, 33(1):
113-119.

Wirtz S, Finotto S, Kanzler S, et al. Cutting edge: chronic
intestinal  inflammation in  STAT-4  transgenic  mice:
characterization of disease and adoptive transfer by TNF- plus
IFN-gamma-producing CD4 + T cells that respond to bacterial
antigens[ J]. J Immunol, 1999, 162(4); 1884-1888.

Jacques P, Mielants H, Coppieters K, et al. The intimate
relationship between gut and joint in spondyloarthropathies[ J].
Curr Opin Rheumatol, 2007, 19(4) ; 353-357.

Dieleman LA, Goerres MS, Arends A, et al. Lactobacillus GG
prevents recurrence of colitis in HLA-B27 transgenic rats after
antibiotic treatment[ J]. Gut, 2003, 52(3); 370-376.

Rath HC, Wilson KH, Sartor RB. Differential induction of colitis
and gastritis in HLA-B27 transgenic rats selectively colonized
with Bacteroides vulgatus or Escherichia coli[ J]. Infect Immun,
1999, 67(6) : 2969-2974.

Aranda R, Sydora BC, Mcallister PL, et al. Analysis of intestinal

lymphocytes in mouse colitis mediated by transfer of CD4 +,

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

CD45RB"&" T cells to SCID recipients[ J]. J Immunol, 1997,
158(7) : 3464-3473.

Powrie F. T cells in inflammatory bowel disease: protective and
pathogenic roles[ J]. Immunity, 1995, 3(2). 171-174.

Powrie F, Leach MW, Mauze S, et al. Inhibition of Thl
responses prevents inflammatory bowel disease in scid mice
reconstituted with CD45RBhi CD4 + T cells [ J]. Immunity,
1994, 1(7) . 553-562.

Nagy N, Marsiano N, Bruckner RS, et al. Xenotransplantation of
human intestine into mouse abdomen or subcutaneous tissue:
Novel platforms for the study of the human enteric nervous system
[J]. Neurogastroenterol Motil, 2018, 30(3) ; e13212.

Golan L, Livneh Kol A, Gonen E, et al. Mycobacterium avium
paratuberculosis invades human small-intestinal goblet cells and
elicits inflammation[ J . J Infect Dis, 2009, 199(3) : 350-354.
Golan L, Gonen E, Yagel S, et al. Enterohemorrhagic
escherichia coli induce attaching and effacing lesions and
hemorrhagic colitis in human and bovine intestinal xenograft
models[ J]. Dis Model Mech, 2010, 4(1) ; 86-94.

Canavan JB, Scotta C, Vossenkiimper A, et al. Developing in
vitro expanded CD45RA + regulatory T cells as an adoptive cell
therapy for Crohn’ s disease[ J]. Gut, 2016, 65(4) ; 584-594.
Bruckner RS, Nissim-Eliraz E, Marsiano N, et al.

s s

Transplantation of human intestine into the mouse: a novel
platform for study of inflammatory enterocutaneous fistulas[ J]. J
Crohns Colitis, 2019, 13(6) : 798-806.

Sollid LM, Johansen F. Animal models of inflammatory bowel
disease at the dawn of the new genetics era[ J]. PLoS Med,
2008, 5(9) : el98.

[KF=EHHE] 2020-04-09



