L T AR JLIRSEME /N 45 i R

SRAE /N 245 W 5% A 9 SR £ BF 5 0 e

BiAM RiEH WF
28 KFWEILHE R A ILSNE, L% 200000
BAEAEH . 2%, Email ; chunshen@ fudan. edu. cn

[HEE]  EEH/ NS % (necrotizing enterocolitis, NEC) J 5177 L E I AMNBHRc 8 W AREZ —. 7E
125 50 AFHL O TGS A AR B R R DL BRI TR T A A A, 2 2 R I S 5 AR
A, HHEXS T NEC 1 RO FZR M b 40H 0 NEC Sy, 4K 1M 4 M85 07k i Ji 8
IUIA AR A A 2 R, SIS TR T 1 S M Ao AR DGR I o L AP R i 18 T A0 LA C 4 LS +
f14 K B, (T 2 T AR A S A —— 3 A ARG LB . AR SCKE st b3k NEC 4R Sh 52 B 455
MR T R HEA FE53A , S I R RS (1 55 5 55 000 45 %5, o T 4 B F o N S SR A AL % 55 B 5 L 1 A %
g NEC SEEBEA

[XgR] MasiaR, WIErE; NEC R J88E: RN B8, 3

EE@WE HEH KRB E G F0H (81873849) 5 gty A AR 3k 4 i 1T H (22ZR1408
600) 5 [E5LE B2 O F IR EHAZ5 H ( EK112520180306)

DOI;10. 3760/ cma. j. cn101785-202009024-007

Research advances in models of necrotizing enterocolitis in vivo and in vitro
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[ Abstract] Necrotizing enterocolitis (NEC) has been a leading cause of gastrointestinal emergencies in
premature infants. Over the last 50 years,a large variety of experimental models have been developed for exami-
ning the pathophysiology of NEC and testing the effectiveness of new therapeutic strategies. Current etiological
studies of NEC have employed intestinal epithelial cells and animal models. However, cell models cannot mimic
the biological characteristics of intestinal tissues in children while animal models reflect human diseases and
other related characteristics. With the latest discovery of intestinal stem cell marker Lgr5 + ,a novel in vitro in-
testinal model is gradually emerging. This review focused upon the relevant experimental models and discussed
the main advantages and disadvantages of each model so as to help researchers better select proper NEC experi-
mental models.

[ Key words] Enterocolitis, Necrotizing; Models of Necrotizing Enterocolitis; Organoids; Epithelial
Cells; Models, Animal; Intestines

Fund program : National Natural Science Foundation of China (81873849 ) ; Shanghai Municipal Natural
Science Foundation (22ZR1408600 ) ; Youth Clinical Scientist Project of National Children’s Medical Center
(EK112520180306 )

DOI:10. 3760/ cma. j. cn101785-202009024-007

INFE R /N 1 45 1 48 ( necrotizing enterocolitis, RWFSE o

NEC) &84 L8 W 4R W oz — 72 a4
Sk, Bt T AR L TR Ma B R 1 R, R L
RLIAEI  NEC [ 0 AW T o TR
NEC 53 M4 5 NEC BULAF G R, 7848 4 50
AR VF TR RIEAT TR NEC AR KL A

FAT NEC 12 LA 06 4 B g —
AL NEC S — Fif 22 R 2 3R] 41 FH P S5
o, PR A A NEC 5 & IR 2, 57 L
7B L IR R ST hi 10 7B W IR EAN IR EIN 7B N
B L RE L% S 5 B A AL 1 AN I o5 — A



(Y5 A R RS2 L 7 WM R, TE 5 W MR R 75 A 14 i i
P PLH AT e IR A B 26 A FE R B I, 33
P RERE SR A5 o PR, X T AR L (G HE ™
L) ATART 35 38 P A 11 48 AR R BB 45 4% 1 2 I
AN ARAE AL ] S BIRFEE /N 25 W ¢ o T 248 1 U
Yo R MTEINTCNE /N 45 W 98 1) J2 s Hhoke T 2E/E
LR LI W) 5 1 b A0 10 0 5 25 it — 20 T 2k
RYEAE AR, HRTH AT,

FLT X NEC S L a9 A0, A 58 A 52
FENZEBE B R R, g7 A5 P S B A
SEHr T NEC AR, 40 24 i 3 AR S s Al —— 7 38
KRB, 058 T NEC R BURAEE' .
ARSCR R i/ 43 H RN R 2 1 NEC SE A< 8
[ 1 Fz 40 i #5 78Y (intestinal epithelia cells, IEC) | %
A E BRI ZhY) NEC LRy |,

— i R A AL NEC

TEC J2 KW LR 58 NEC A7 SCAIL i (1) 48 7K
B, TEC6 1 IECI8 2k NEC 41 /K-F-#F 5%
Hh i ) T 0 R 00 L, HOOR IR 25 5, A R
R, 5 TR, AN 3R T 2R, (8 T TS aE ], wl LA
PEAL B NEC AR R 5~ B [5] NEC AH G b
PIH - B A, R T B G b, g 3k 2 7 98 PR 1 X 1
BB A A 7 EE AR R B2, A BT NEC &AL
HIRBIETE o EAL N — BB 5 NEC kA= % 1)
A, Li 450 SR TECIS 4, BFFE H,0, i SR
AL i b K52, SR ) s FE AR SN | B
Wil It — L Rk H,0, A #ES S
NEC KA EE NG Z —o T Lee 57 @ i o4k
B[R Z g £ B (lipopolysaccharides , LPS) \H,0, B¢
FRWR B A 1ML (2% ) 5 Z &R LPS (H,0, #12% 4
ML RPECT 1) TEC18 Je4iE /K- TL-6 LA K i+ 4l iy
PR Lers SRR 0L, KRB —H KRBT
IECI8 B2t , e itk Lers MIRIETHE . 24
PR A T , TEC18 dH EE #1477, Lers Rk FEAK,
—J7 T, SN 2R T B i R R B Rl 4
LN G ) INERUR T =i S Y T o0 4
P A SAE B AR 5 — 7T, 5 H,0, 2B,
LPS B AR ML IA 175 5 1 4 M 452 405 , A7 Bl 3 3 A7 38 A 2
RUERYLE NEC &R & e ALE] . i, X T NEC
M-I 5T, 75 2R ] 22 b AL )75 5, fiE
% BAFRTHL NEC 75 A MRAY 2o 5 00 , DA 2E— 2R
R NEC YA AE L] o 1% T 2 %0 ] R 80 NEC &
AL BRI, i b B 40 M 2R RE 8 45 o J7 8 kA5 Ak
PR BE LRI R AR IS, DT A A A/ 40 A A v B A

T NEC B FIHRST

Caco-2 AL Ay —Ff N e B 25 i e A e, &
BA 5N b e A0 MR AL B 285 27 A [] 7 240
P BERMER ., AU DU ARy NEC Ji7 18 B
FETHRERY AN ML RY, 45 R o, BRI A 20-1
(zonula occludens-1) X} 21t LPS FIAUS AT B AL EE 175
AR 0 i T i B A DR 5 TTX 5 7E NEC 8
LRI BB b 2 B PR AT

KNSR, M 3 40 AR TR R Y BT R, AR AR AR
BRI R A A T B LS AN G 5E R
FIHE PR IR 55 o SR, 240 AR B T vk It AR L 4
ZUN IR N AE D)= Rk, 3o iR A LB AU AE NEC B
FEPHRRZ —.

— WmiEddRE 5 NEC

WEE AR il T 4 MO bR iC 9 LerS + AR 3N,
B iz B AR S AY — i 18 25 4% B (lintestinal or-
ganoid) ARIEWIGR " . W IEA AR E R M AR L
BET- 4 ( pluripotent stem cells, PSCs) B¢ % 4F 1 4
Jifl Cadult stem cells, ASCs ) 1725 T R () = 4E(R M E 57
gy, T B 5 IR SURMUL I 454 5 Dh R e
WIERASEEEA Y TS RN REAR Y
e A LAV R T AR A SR SN S8 0 35 3L
A LA TE A AR o 22 B4 22 i AL BRRRAE
RPITHIAMEEEE G B, KEVFEA ST
ARSI AR IR 1B 264 5, 1F S SR A 5
JriE b B 40 A 2 i A 45 A 5 T R HIL ) S5
FASC B AR F AR SMIF T AR 21

(—) RIEmIELRAE

AWFFEN G AR /N B T8 20 2R I8 1) 1
A EORBE I B o McElroy 2" Fil
ErbB4 ™" /N A TE A S FR 2K A0 W R A
T CCAN AR 22 38, X 2 0E P 7 & i BCIRAS, DAt ok
B4 NEC #E 1. AT RIFFEIESE , ExbB4 it {4 -
M2 H 1 4 (neuregulin4 , NRG4 ) 7] PLAE 5 43
POHELRY A o Sodhi 451 FI T TLR4 3 [ i
BR/IN R TR Y B 245 B R T TLR4 X AR 28 I
S K HAE NEC K Ve .

SR, A BEFE R B, B2k L iE b i 5 AR
i E R IEASE AR I, T AR NEC
TERT A LI AR ERBE , WF 58 N D1 22 iR IR U8 8
/N A AL B AR T Li TR
H %4 P9 ( postnatal 9 days) K1) C57TBL/6 FH4E/N
B 18 H R AT 3 e A B B S, AU A L i
P, 45 RAIESE NEC AR 058 A= LB 3 a8 B rT LA



i R A A LPS S [l 1 Al BATT IR LA
T[] B PR S AN i 1 2 s B B9 APE
SR FHARTR] >R 5 8 A6 /N B 8 28 2% 5 T 45 T LPS
B, A I 1B S AR R AE KV T T 3E
FAA TG AR, i Ths ™ . X —Bigenl
B Lee SEAEAR SN ML 2 Hh Y A AR TR] , 224 50—
BN 7 BRI, n] AR g Lers R IETHE .
T 7 25 F PR -5~ ] B o330 5 S0 P 4 0 ), LgrS (19
FRRRART . R, 50 b R 40 A RAR ), 76
TR E A AT L Sk 0 B SRR R s 2 A
SR R 2 ] DU T 2 NEC HER A RERE

() NBEIHIERSE

Wu T NEC i JLFA S [ 414,
A TIE RS E R, i ThERGERAS
HRIRH LA AR5 5 DI RE R, BOZ B e A
HA N NEC it ny i, AT e AR 2
B E M (human milk oligosaccharides, HMO ) Zb 3, 7]
DA A 38 28 4% B 1 2R 34 0, Mue2 25 1 9 R 3k T
e, DT B 36 i 38 TN 30 58 19 7 IR 2. T Avres
A2 SR )R K LA IE 3 S 4L, %1 40 st
Iy BR B R 2R . 4 LPS A KRR 3738 5 38
RAVE IR, A 212 FEPFDKF R RIA M
RAE 45 N NEC g3 A: AR . SR 17T,
R B LR AR U 3 R Ae B, Aok, A
DR ORI T N5 3 2 88 T 41 M 1) i B 28 4% B
ST NEC 1) 55— DAl SERRL, P HAIESE A 5
B LI SR I SRR 20k TR B ST
NS Z R T A MR iE K& E R A
NEC /N, o] DA 08 i 3 T 4 i bs 2540 26
52 % [ (olfactomedin 4, Olfm4 ) ) 235" .

Br BRI T B 4 250 A F R & B AT
DMEHIC A W b e 4 Mo pk 47 1 18 2 4 B 185 3 0
F2 g A GG T e TEC6 ,CT26. WT 1 Caco-
2 =hhlg bR AR AT AR B R B AR AR
WA G bR ANk Caco-2 BEIE LW 1B 26 4%
FREGEH o X I KA T R SRR T —
BRI

25 EPR B A LI IE R4S B O NEC FF5E 4241
T—AFB BRI AE A 32 5 et & (R F H
fugs B RS TS OLT W5 a4 1) B e
Wi S SEMA PR 2R o R, 2 A5 rb i £ 1 i a2
e EA IO B TR IA R, MR LR G M &
P IS 5 A TR S A BRSBTS
I, H s s B AU SR T vk 56 42 id )5 18 B

AR, S 3 T O S N AR PN i T RO 555 1) 3%
FRR 2o M e B T I BT 1

= BRI 5 NEC

ZAEAR , NITRE NEC 145 Fh S50 s P AL 1 7
TSR, FEGE S T A RO R R BN R
NEC &4 KRR AT BEEUR A R . A2 NEC A 1)
B M AR IR . H AT, RZEHFR N R 2R Pt
FEIN 7 a1 R0 H AR PR AL, K AN BTS2 NEC
IR EZ S P AL, NEC gl fd U gk 1 34]
XFF NEC i Fs B35 1 11, Rl e B0m
PRI 2R LB R 7 e85 7 T o

(—) KREBhPEsy

NEC 34 #5155 B iy Barlow 262 F 1974 4
Peh, 245058 2 N T NEC (RF5E . NEC KR
BARIILT NEC 1 & B 3= T 7 A, A0 45 oK A%
i EB RS AR A A 2 K %
JE SR FG A A 2 NEC B AR LI E 2151
PR 1-, Barlow 25> 35 e 8 A= LK BRI BB, NEC
BILI AR IE . teAh, T NEC F2 84 ThL
J7 WM AT LE L, Barlow 2524 SR 5 15 10 7 45 W
TR AT AR B P R A, I At
%5 100 mL @ AT HR 4L EE 681. 7 fEH. (1 REKH =4.
182 fEH) ,ixX 5 R BB FLER L A=A . ST
Ty Wi TR SR H 4k, B H AR S
251254.6 EH/kg(1 RIEH =4.182 2 H) ™' 1
AR AT, 5 R R SR 19 8 BUE K A
Lb, BB T SR /N BB AR S B 1 RIAE K
Hira o A T EILNEC FiE LI sk i) 28 4k, s A
DU T R R AR 38, K DR B Sk ¥ i [FEL 2% 0 7 90
443 ~5 min, BB MR L L R 1L .

ARG DL 7R BT 8% 24 hoF H iRk Z
BB A IR 25 T 5 T 0 IR, R 18 40 1A
it AR AT ZE K B NEC B8 25 14 v, fii 4
FIHC 7 WA W S doe R e B> e A |, LA
FEATBART R B NEC A8 SR04 T 1 A TR A ekt |
2y Nadler 2575 35 H bR Ak 6 B S0, BDAs 9 2
REVE T AR (4% 0,,95%N, )10 min, 4 H 3 ¥,
R T PRIE AR, — S fi 5 A A5 A 55— il
F-LPS T LPS % B VE R Y — R A
R MR FZE Wy, PR R LPS 2 51T A
NEC /)%, P, eSS 1 R 2 KA
LPS 5EBE H R A4 T W45 KR, DLk 3 8™
B

TN, — e 5 e B, A i R R B AT S B



BHER R A E I 5. Nadler 257 % 3 5
BRI LS SO E R iE B, AR A
DURIE AR AR (AR B 0% , 2 min s 48 Yk B 5% ~
10% ,30 min) 7] 15| 5 EE i i fh

M2 NEC R BB R PR L AR AR | & 1) 57 1
ez N R B AR R R AR S AN A AT N T
Ir, 25K % NEC i S M K BRI BN G —, K
BRI AR S A, SR, K 2 80K RAE 4 T NEC
BRIE RAASET. MAN, R EGRAE TS 5= M AN
HE S NEC K FUBLAY rhi/F 2 5 3L R RN BB
FH L XAEARKFRE ERRE T NEC ZAtLl s o

(=) /MRS B

B T/ANRBAAR, 25 5 B0, e f 2 2 i 5L
ANER AT FE BRI/ BRPE SR NEC 3185 2L (19 i 52
AR o /)N BRI SRR O B IF Y NEC &%
()73 F-BIL A B8 25 1 97 AR AL TR AT R, (]
/N R FR A /N DA B e S PR /N RO I A7 006 o, il
7% NEC /N BUBS R 7 HoA — 2 Bk AR

5K B NEC 3% 54 e, A5 /N U NEC
75 G BT AN R AE IS 25 K, Tilling 250 %
FH A J5 B 2040 BREA T NEC 55, 30 1 48 11 W8 35 25
BB W A RIS HE (N, :100% , 1 min;4°C, 10
min) 5. HABAF 5T A BAE FHAE LAY NEC 5507
2, FORBEBEA T H A 00 3 A=/ BT LR st , %2
EFH H W P38 PS BT /N . (S — R
J&, Hackam BN LA T35 5 NEC M P7 ~ P21 (%%
FE RN, b AT TIA e A NEC 755 19/ BUE IR
NEH T P14 ~21103 7320 Tian 280590 1y &5 T NEC
B /IS BRTEAS R4 s BE 1) 9 5% A R BE LIRS R
S AR SR R /N B NEC B R 38, iX WAF 58 T
Z R AT L/ BA G AT B 4G NEC 5 542
HPET AR

Br T LR FRAER NEC 5507 250, F 58 A L id
A 1 34 PF 23S NEC, Ginzel 257 B 53 3IF
SR T ST Pk I RN 1 98 %) 7 SR B R
B(DSS) 5C Iy W[l s i SR, W] LAISS 58 A /N BR
KM NEC, G BF 7 3 8 1 B i 18 3 G 40 i Ok 175
5 NEC % . Zhang %) % BIAEXT P14 ~ P16 /]
BRI i 1 S5 XU M ) 775 B Paneth 200 it A1 5 35411
WLAE S AE ) 10 h J5, /MR H 3 NEC & & 3
Zo SR ARMEAE B A /N R B b2 R R
S5 A LA AL, 80 A /N BRUFE H A B ke = 3
A

ITAER , NEC /)N B R A SEREAE 52 P 3B T A T

A, H B GUR  IF AR, 4 5 55, H/NRL
(R e IEU S (NI A 1 D e
5 NEC f9 500, X A7 B T8 NEC Z i tiL il v
B ATE 5001 R 53538 B A o SR 8 A /)
RO TR BN FE AT N TSR I 450 NEC 5 &
BRI T —E R BkK

B2, H T NEC AR SEALE 72 (14 1A
HMERIY- 5 4 HLRE o X SE B 5 (R S | B
AL B A R R R S A X e Sy
R N TR IR AT X NEC 19 T . BE & %
NEC ZHRtLIE s (AN WIER A 755 NEC Bl K i1y
DN AT 58 35, (HL TIOR8 58 56 14 81
AR NEC R, R, BF 7 B ZEAR A F 52 H
AP A& AR T T B SR LY B i 18
PRBE, T RE LAY A 5 i X 14 Bk A 55 00 119
Jila o
BT A fEEH 7 A7 AR 2
fEEFMRAND  SCHKL A R0, 6 SO e o
Vi DT, TS G A, 96 SCHR S S R 3 SCRHE S 47
R i D

[1] Zani A, Pierro A. Necrotizing enterocolitis; controversies and
challenges[ J]. F1000 Res,2015 ,4pii: F1000FacultyRev-1373.
DOI;10. 12688/f1000research. 6888. 1.

[2] Stoll BJ,Hansen NI,Bell EF et al. Trends in care practices , mor-
bidity ,and mortality of extremely preterm neonates, 1993 -2012
[J].J Am Med Assoc,2015,314:1039-1051. DOI.10. 1001 /ja-
ma. 2015.10244.

[3] Nifio DF, Sodhi CP, Hackam D]J. Necrotizing enterocolitis ; new
insights into pathogenesis and mechanisms[J]. Nat Rev Gastro-
enterol Hepatol, 2016, 13590 -600. DOI; 10. 1038/ nrgastro.
2016.119.

(4]  B&S, BRE. Pk LIRFETE /NG S R 19 5 12 1R B

FEHERLI]. W R/ JLAMRE A5 ,2019,18(5) :352-355. DOIL:
10.3969/j. issn. 1671 -6353.2019. 05. 003.
Lii ZB,Sheng QF. Advances in the etiology, diagnosis and treat-
ment of neonatal necrotizing enterocolitis[ J ]. Clinical Pediatric
Surgery,2019, 18 (5) :352 -355. DOI: 10. 3969/j. issn. 1671 -
6353.2019.05. 003.

[5] Fitzgibbons SC,Ching Y, Yu D, et al. Mortality of necrotizing en-
terocolitis expressed by birth weight categories [ J ]. J Pediatr
Surg,2009, 44 . 1072 - 1075. DOI. 10. 1016/]. jpedsurg. 2009.
02.013.

[6] LiB,Lee C,Martin Z, et al. Intestinal epithelial injury induced
by maternal separation is protected by hydrogen sulfide. J Pediatr
Surg,Jan2017 ;52 (1) :40-44. DOI. 10. 1016/]. jpedsurg. 2016.
10.013

[7] Lee C,Minich A,Li B,et al. Influence of stressfactors on intesti-
nal epithelial injury and regeneration[ J]. Pediatr Surg Int,2018,
34(2) .155-160. DOI;10. 1007/s00383-017-4183-3.

[8] Ling X, Linglong P, Weixia D, et al. Protective effects of bifido-



(9]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[21]

bacterium on intestinal barrier function in LPS-induced entero-
cyte barrier injury of Caco-2 monolayers and in a rat NEC model
[J]. PLoS One,2016,11(8):e0161635. DOI: 10. 1371/jour-
nal. pone. 0161635.

Bergmann KR, Liu SX,Tian R, et al. Bifidobacteria stabilize cla-
udins at tight junctions and prevent intestinal barrier dysfunction
in mouse necrotizing enterocolitis [ J ]. Am J Pathol, 2013, 182
(5) :1595-1606. DOI:10. 1016/j. ajpath. 2013.01. 013.

Lin HC,Hsu CH, Chen HL, et al. Oral probiotics prevent necro-
tizing enterocolitis in very low birth weight preterm infants :a mul-
ticenter , randomized , controlled trial [ J]. Pediatrics, 2008, 122
(4) :693-700. DOI:10. 1542/ peds. 2007 -3007.

Sato T, Vries RG,Snippert HJ, et al. Single Lgr5 stem cells build
crypt-villus structures in vitro without a mesenchymal niche[ J].
Nature 2009 , 459 (7244 ) . 262 -265. DOI: 10. 1038/nature07
935.

Dedhia PH, Bertaux-Skeirik N, Zavros Y, et al. Organoid models
of human gastrointestinal development and disease[ J]. Gastroen-
terology,2016, 150 (5) ;: 1098 - 1112. DOI: 10. 1053/j. gastro.
2015.12.042.

Schweiger PJ, Jensen KB. Modeling human disease using organo-
typic cultures[ J]. Curr Opin Cell Biol,2016,43;22-29. DOI;
10. 1016/j. ceb.2016.07.003.

Kretzschmar K, Clevers H. Organoids ; modeling development and
the stem cell niche in a dish[ J]. Dev Cell,2016,38 (6) :590 -
600. DOI:10. 1016/j. devcel. 2016.08.014.

McElroy SJ, Castle SL, Bernard JK, et al. The ErbB4 ligand neu-
regulin4 protects against experimental necrotizing enterocolitis
[J]. Am J Pathol ,2014,184(10) :2768-2778. DOI.10. 1016/j.
ajpath. 2014.06.015.

Sodhi CP,Neal MD, Siggers R, et al. Intestinal epithelial toll-like
receptor 4 regulates goblet cell development and is required for
necrotizing enterocolitis in mice [ J]. Gastroenterology,2012,143
(3):708. e5-718. €5. DOI:10. 1053/j. gastro. 2012. 05. 053.

Li B,Lee C,Cadete M, et al. Neonatal intestinal organoids as an
ex vivo approach to study early intestinal epithelial disorders[ J].
Pediatr Surg Int,2019,35(1) :3-7. DOI:10. 1007/s00383-018 -
4369-3.

Gao R,Zhang R,Qian T,et al. A comparison of exosomes derived
from different periods breast milk on protecting against intestinal
organoid injury [ J ]. Pediatric Surgery International, 2019, 35
(12) :1363-1368. DOI:10. 1007/s00383 -019-04562-6.

Wu RY, Li B, Koike Y, et al. Human milk oligosaccharides in-
crease mucin expression in experimental necrotizing enterocolitis
[J]. Mol Nutr Food Res,?2019,63 (3) :e1800658. DOI: 10.
1002/ mnfr. 201800658.

Ares GJ, Buonpane C, Yuan C,et al. A novel human epithelial
enteroid model of necrotizing enterocolitis[ J |. J Vis Exp,2019,
10(146) :91-94. DOI:10.3791/59194.

Finkbeiner SR, Hill DR, Altheim CH, et al. Transcriptome-wide
analysis reveals hallmarks of human intestine development and
maturation in vitro and in vivo[ J]. Stem Cell Reports,2015,4
(6) :1140-1155. DOI;10. 1016/j. stemer. 2015. 04. 010.

R AR, XM, 55, 3D B SRk R AR s b 1 A ik
T B RE R LU B N T [T]. 28 = B R =2 4l
2020,42(1) :31-38. DOI:10. 16016/j. 1000-5404.201907198.
Ou J,Xu ZN,Liu DQ,et al. Potential capacities of different intes-
tinal epithelial cell lines for forming enteroids in 3D culture sys-
tem ; comparisons and applications [ J]. J Third Mil Med Univ,
2020,42(1) :31-38. DOI:10. 16016/j. 1000-5404. 201907198.

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Almeqdadi M, Mana MD, Roper J, et al. Gut organoids : mini-tis-
sues in culture to study intestinal physiology and disease[ J]. Am
J Physiol Cell Physiol, 2019,317 (3) . C405 - C419. DOI. 10.
1152/ ajpeell. 00300.2017.
Barlow B, Santulli TV ,Heird WC et al. An experimental study of
acute neonatal enterocolitis-the importance of breast milk [ J]. J
Pediatr Surg,1974,9(5) :587-595. DOI; 10. 1016/0022 -3468
(74)90093-1.
Nadler EP, Dickinson E,Knisely A, et al. Expression of inducible
nitric oxide synthase and interleukin-12 in experimental necrotiz-
ing enterocolitis[ J ]. J Surg Res,2000,92.71-77. DOI;10. 1006/
jsre. 2000. 5877.
Zani A ,Eaton S,Leon FF et al. Captopril reduces the severity of
bowel damage in a neonatal rat model of necrotizing enterocolitis
[J].]J Pediatr Surg,2008,43(2) 308 -314. DOI. 10. 1016/j.
jpedsurg. 2007. 10. 022.
Ford HR, Avanoglu A, Boechat PR, et al. The microenvironment
influences the pattern of bacterial translocation in formula-fed ne-
onates[ J ]. J Pediatr Surg, 1996,31 (4 ) :486 -489. DOI.: 10.
1016/50022-3468 (96 )90480-7.
Zhang BH, Yu HG,Sheng ZX, et al. The therapeutic effect of re-
combinant human trefoil factor 3 on hypoxiainduced necrotizing
enterocolitis in immature rat[ J]. Regul Pept,2003,116(1-3) .
53-60. DOI;10. 1016/s0167-0115(03)00177-0.
Jilling T,Simon D, Lu J,et al. The roles of bacteria and TLR4 in
rat and murine models of necrotizing enterocolitis[ J]. J Immunol ,
2006,177(5) :3273-3282. DOI;10. 4049/jimmunol. 177.5.3273.
Zani A ,Zani-Ruttenstock E,Peyvandi F,et al. A spectrum of in-
testinal injury models in neonatal mice [ J]. Pediatr Surg Int,
2016,32(1) ;:65-70. DOI;10. 1007/500383-015-3813 -x.
Qureshi FG, Leaphart C, Cetin S, et al. Increased expression and
function of integrins in enterocytes by endotoxin impairs epithelial
restitution| J ]. Gastroenterology, 2005, 128 (4 ) ; 1012 - 1022.
DOI:10. 1053/j. gastro. 2005. 01. 052.
Mollen KP, Gribar SC, Anand RJ, et al. Increased expression and
internalization of the endotoxin coreceptor CD14 in enterocytes
occur as an early event in the development of experimental necro-
tizing enterocolitis[ J]. J Pediatr Surg,2008,43(6) :1175-1181.
DOI:10. 1016/j. jpedsurg. 2008. 02. 050.
Tian R, Liu SX, Williams C, et al. Characterization of a necrotiz-
ing enterocolitis model in newborn mice[ J]. Int J Clin Exp Med,
2010,3(4) :293-302.
Ginzel M, Feng X, Kuebler JF, et al. Dextran sodium sulfate
(DSS) induces necrotizing enterocolitis-like lesions in neonatal
mice[ J]. PLoS One,2017,12(8) ;e0182732. DOI; 10. 1371/
journal. pone. 0182732.
Zhang C, Sherman MP, Prince LS, et al. Paneth cell ablation in
the presence of Klebsiella pneumoniae induces necrotizing entero-
colitis (NEC) -like injury in the small intestine of immaturemice
[J]. Dis Model Mech,2012,5(4):522-532. DOI:10. 1242/
dmm. 009001.
(%A% B #1:2020-09-14)

ANSCE| FAREEC: E IR, ARV, TR TNz 451 R 1R A
PERIABEFEHE R [T ). I R/ JLAMBL % 35,2022, 21 (4) - 331 -
335. DOI;DOI;10. 3760/ cma. j. cn101785-202009024 -007.

Citing this article as. Gao RN,Zhu HT,Shen C. Research advances

in models of necrotizing enterocolitis in vivo and in vitro[ J]. J Clin
Ped Sur, 2022, 21 (4):331 -335. DOI. DOI. 10. 3760/cma. j.
¢nl101785-202009024 -007.



