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Fig.1 Signaling mechanism of necroptosis

fi-1 (Receptor Interacting Protein Kinase 1,RIPK1)
o Z AR A 5 AF H & E 84 -3 (Receptor Interacting
Protein Kinase 3, RIPK) &5 & . JE B M EHE &
T BB T /A 3 — 25 300 T R 4 T IR Ak R e
& H (Mixed Lineage Kinase domain-Like Protein,
MLKL) i H & A= B R AL . 3 A 2 A8 5 PR IR BB 11 G
ARSI MLKL B R Ak 5 7T LA D 40 55 350 37 5 B
220 B b, SR R R TR LS A0 RO
AR AR I VR AT L K 431 U 20 e i L
24RO L A IR SAE AR T A S A O A
# 2 ( Damage Associated Molecular Pattern,
DAMP) , 1M 20 i N 18 53t HH 25 A1 a2 ] Bl 400 Jif A 2H 21
HNE S8 K A [ I 30 7T 3006 SR A 7 A 4 Ak
B

A0 AR P PEBE T WOIE S5 5 N8 & il i A L %
JE MR R 28R AT M A Y . TLRA RAEAS 5 1Y
WS BN JE NEC B B Z AR, TLR4 20
LB LPS iy EZZ K B LR IE 1 TLRA 1y
FR TR 3 Af 5L LAY i T8 X E A8 A Ak
THELE T RRAR A W Al 2R P R e R I PR &
NEC JE W EZA KR X e NEC K AE7ER
LML Z — . Lu %29 BF5 & 8L, 76 NEC 319
R, RIPK L RIPK3 Hl MLKL B2 15 2081 5 i,
Jor 38 HH R R T B 20 B SR SE U TG AR i 25 Ok L AR E A
JHL 3R 0 A5 AR L A5 B I IR NEC /9 955 22 ¢ 1E 5 10 # R
T TLR4 B 5 8 /N B 38 YR 58 19 32 BLEUR B Ut
B TLR4 4 5 19 72 )7 V5 IR 3038 % 18 NEC /9 & 4= i
KBTI E AR H . Negroni %% @ i (& 4h 15 32 1y
o e 5 B AT i B, R MR R BT T L D i 1
B A S i R 1 E-ES AR B R A Zonulin-
1Ak, DT B IR 1 - Bz 440 B 1] %) 6 BEE P 4 i 266
I3 e 1 0 5 M 0 . WL R MR SR AR T DL
LPS # i TLR4 WS T {5 5l i 2 5 3] NEC .,
FE I R 77 JLAE Bk F oy BC 7 W M R B AR R A
R % e e o 5 1 W SR BORL L I T AL L
K7 B (Escherichia coli) %5 2000 B 8% Y 1) HE %
B, I 7 38 E AR By B i TANE B LPS S 3
NEC i & A= P, % 3% 28 58 L RE 75 3 i BH Wy
RIPK3 A3 u MLKL ) B B2 {6 5k BB NEC 19 %
A AR E— R

FEMG R | Lin 2% % o T NEC LT AR 1B
Y IR BE 38 K AR A E P W s (o e K i P B0 DD R
i R 17 X & B, NEC &L YIBR A9 38 TLR4




HI5, Foki, B, % 97 LR T N 25 0 ¢ o BT T L O R 53 R

WA LY RIPK3 2% 35 B W3 I, 5o 95 4116 5 7
7N X R 3R A8 J2 B R A AR OB TS I B L R A
T A AR B I [ )2 . Werts 257 #F 58 %
M. NEC B IL, 1 s 41 21 RIPK1, RIPK3,
MLKL [ 235 3 B 8 & F i L BOE % 34 L.
17 3 i 3R 3Kl F2 BEAEAE T/ 0 B T o 1) - 2 40
AN TR T i 0 M 40 B R T A TR Ak B A A
NEC [ 38 5 B 45 13 19 32 22 3¢ 30 =X (LA 9% 6 T i
R AR EE A ) . R 7R /N RS A vl e B 7E
#% T NEC M S &4 F. /N p i RIPK1 #
RIPK3 BB A RN .M 4 d J5 LR E b 8%, B2
1E 3 A Wi NEC 175 S 45 A (HC J5 W MR % L Bk S 4
FHE ) RN FELE I, RIPK1 F1 RIPK3 £k i, %
i b B 20 e R P M 3R B8 AT DA AR M R R = &
A XA A IR R LAY NEC % R, ol L, 8 e
WHAE NEC MR ML PR EZMIEM. b,
W b Bz 240 e ) R PR SR OE 5 30 DAMP BT DA
G b 2 B CAn Al L B 5D B 45 . DAMP J& — 41 2
A1 B R RE R B, 1T B 24 Y 4R RE M
U5 IR R R 9 3 B R, 3o b ik — 5 A T Il
PR b NEC U255 4k & il R i 463 405 B 3z 1) 4
ZRG WG A R AR . 0 0L, 40 S A8 BH W7 AR 2 3R
FE AT = B Tl i SRR I /D NEC 19 & A4 il ™ =
FERE R B D M 2 RGEA R TS 0 &4

2 HRESAET 5 NEC

BRBET 2 T AF K BT & 90 Y — AN [ T 40 i 0 1
FNIRFE M I T0d 72 9 B A R AR A4 1 R ot 4 fk A
S AL T PE 4N SE T B . Dixon %Y F 2012
R YR MBS T LS AR S S O L BRAE TR
21 24 i F5E B 40 B A AR X 56 B L (0 SR A Y IR AR
JIN U R0 B R S A IR R A A O . BRAE TR
IE AP MEER., (D EREEERE. ViR
AN 20 e G 4 MR B Y B B 11 A2 AR 1 (Trans-
ferrin Receptor-1, TERD) ¥4 &k iy 4% A, S 2040 g
Bt B0k 2L, i B9 Fe®t 50 M A (Reactive
Oxygen Species, ROS) & 4= 75 il (Fenton) & I » . fk

B0 AR KA 19 ROS, MM 13 2oL A L 75 5 4l i &
HERRBETS DR L kR R B SRR R A ROS
2 41 H R A0 T B RO FL (B 2) . (2) i 45 i
B WEE R /A H R I 19) % 38 K (Thecystine/Gluta-
mate antiporte system,system Xc) Fl 4 Bt H K &
AL ¥ 4 (Glutathione Peroxidase 4,GPX4) 5 5% 5

Intestinal epithelial
cellular membrane

GPX4 is O

inactivated

P PR AR RRRRRRR R
ESEAGAAEOBOEBAEBEOEOGE

ROS damages mitochondria,but the cellular membranes are intact
B2 BT {5 B L
Fig.2 Signaling mechanism of ferroptosis

BLH R 20 o 45 B . system X 4 e 2R
iz B 20 L N 0T e Ak R 2 e R L i TS A DR H IR
(Glutathione, GSH) , iX & GSH A i 19 B 55, 1
GSH J& 4l i 4 AE % 5 2210 38 I 71 e Bt &1k I 3 1
FH . SR SZ B0 Bt L 40 B A0 4 45 T o 16 15 5 i o
HAR AR system Xc 512 bk 2002 (14 D) 58 3 20 90 61,
HETT B GSH 1A B8 2> . GPXA 1835 1 B A | 40 fifd
PréA AL AR T TR LA B SR HE A S SO i R A
FET o Sy 4 MR S8 T A 17 I8 8 % . GSHL 9T #E
o, GPX4 Y25 3% 2 40 R S0 T 1 AR,

BRIET-AE NEC iy /5 LI BF 55 e b A2t
B LPS BB 36 IR & B, e 2s b R A ek
FET-HI G T (R AU T B JE I TFRI 8k I 1 ot 1
4558 M 2) mRNA £k 8T, b7 40 S Ht
FAALRE T (GSH I M) TR, IF HAERIE S 8 h W=
Jo b Bz 20 B gk AT T R M L, B RS TS S S
LPS Sl B0, Li S0 BE5E & 90,58 540 i
41 s 2k A6 T T D B P A S Il R Y A S 5]
A4 . 22t SR RS & B AN B ROS AT
U /N NEC /Y ™ 5 F2 B, i i 18 GSH I P F%
AR LA B i 9% v 20 i PR K OF- T R X S 3 P R R AT T
RATAES 5 NEC MR MHLE . Angeli %7 B 52 E
TESE L B A 4 CUn it 19 S 2% R A 462 T . 4% ) T 2% ) fik
KMk SET: . Lin 25 HRE W R B, 5 BRI
LA L, 25 W 3 /0N BRRD 38 w8 791 2t 1) 0 TR I 42k 2 il



I ARE,2023 ££,30 %, 5 2 #] Guangxi Sciences, 2023, Vol. 30 No. 2

7 T8t R 286 A B T | HE B A RO 2R B
SRR LRI OF H W 3E N 55 A FLIRRAT T 10 7 Bt %
R o S SO P AT TR Can K 9 FF A B FE VD TT IR
W Salmonella typhimurium ) BYe BHER 0, #E7R
o BT BRI R B b ay i IE . T IE Y 1
HE R HACHE ™ W, n] DL 5 9 ) i b B 40 M Bk AE T
AT i 2 /0 B G S, PR A 4050 B i
B S SAMPIL T B UM G ., —4 11 166 il K
FEAHY B JLATSE s o B 7 LAk S5 BBURH SC ik R Y 22
S NEC By & B, A WA 3 - 4 MR
Wi 48 58 1) A5 o2 56 PR Y L L NEC & A R8I, 7T RE
5 8 R L TE B WA B L P BRI VR B L
A o 38 453 0 B AR A G A HC A DO ML A v A ) B, HL 3%
WEFEAR K B 7 LA 56 M 1B 8RR 22 5 AN R 45 J7) Al
I NEC f R A0 4k B8 T /9 1F | 5 P 4% 0
55300 % B R W WSO O i R 2 5 NEC 19 & AR A 5% )
KFR . P XPERFE T 1Y T 2% 445 38 2 4T T R 15
Bij Ik NEC 9 & A o L KA 5 3k PR 5 AR 0 4 32 9 Wi
RET T HLi NEC 45 7] 8 5 77 2 oK R i A58 07 1]

fi B L U AT Be 89 W) AT RE R 2 Uk M. La
Carpia " BFFE & B, B A= L 22 Wk i ofit mT 375 % 4k
2 TR 2R A Y A A kP T i R TR R L AT AL
[ TE T 2 L A B T A T R BRI BE A A T B T Y
A KR AIMR 28 L 3 A] fE J2& 22 U da ML i )l NEC % A= (9 7%
FEHLA - R B AT B A B g R AR E TS &
25 NEC 19 & 4 fUE e AH i 8 8500 #b 58 2R AR
R T | 22 U K 10 A5 T S UK T T AR 1 o )
A LA ET R NEC & A 350 BRI 78 i i 2
e R i T A L7 LA B 5 58 (HJ& 15 E R e dE R
T2 NEC By & MG 0, 34 75 2258 2 19 Ik B2 2
UEHEAIE S L 3 0] BB 2 %A% G i 1 7 Ll R4 BT 28 42
HH R R TR) ESF  DR B A o 5 B T 7™ Al A R b S
i 1 () FEAE

3 @REETS NEC

A1 £ T AT A SR R — BT B AR P A
Bt 2, & Cookson %5 LB 5% 1 3= 4fl ML BT 1L
A= IR e I e B, G AR BIL R R 2R DR R & - 1
(caspase-1) UG . AN B 8 75 S5 Sl 2 W e ) nl i 2k
TR 40 i 5 A A NOD 4% 3Z {4 (Nod-Like Receptors,
NLR) i#1% caspase-1, 8 EH T Ii# 14 4> T 45 I Gasder-
min D (—Fg B FE T8 9 8 D R A% A N
AR I I A A I B, O B AR 10 — 14 nm (Y AL

T K AT P T AR K A R L 5 B
MINZS Y BE, JL R R R F, A4 & 1
(IL-1R) A 4l A 25 18 (1L-18) . | AL J&] Fl 2H 41 4% 4
B 3y .l X g AN AE g R v HE
NEC 504z K BV 18 v 40 J 5 T2 A G JE ) NLRP3
B mRNA 35K P-4 0F & 4325 0 8T &, Al i g v
K [ caspase-1 #IG A P10 & P20 B\ # ik, i
FEIE 8 6 A PR 3k, X R Rl i fE 122 5 NEC
B KA R . Yao Z5-FE 9 0 M M I 4 /N BRASS 5
R I caspase-1 fEHE A S JE T W9k 10 %
A MERR T caspase-1 8¢ NLRP3 3 A9 /)N BRI
HfE 8 PR TL-18 il TL-18 /K - AR . L i i % B
5 P LB A AN RO R

‘% Microbial antigen

Intestinal epithelial
cellular membrane

GSDMD deavage
\ ) 'J‘ produces the N-terminus

SN
N-terminus trap in the cellular /

membranes and form pores

\ h Cellular membrane pore 5 %
o ov v

After pore formation,the influx of water molecules
leads to the swelling and rupture of the cell membrane

°
IL-1B,1L-18 isreleased ® @ @
o o

K3 A s AR AL
Fig.3 Signaling mechanism of pyroptosis

B U8y 52 %5 35 7 7 (Cronobacter sakazakii) & —
PR A B0 WL W5 NEC B & 4 LM, Fan
SR AN FR M L R 0 AR AR K R B A
AU 2 e B, BT 5 27 9 A T BE 5§ NLRP3 R AE /)N
{2 | caspase-1 Fl caspase-3 (MM T-HFZEH) N E
Y FE T HLH  [R]EA  H b R A0 A T A T
HE LT 25 A TR I 59 BUAT B (Bacteroides fragilis) W A]
DA 3 3ok 9 /0 440 04 o R 200 T R 4 o B e B 2
FRE 5T 19 NEC &A=, 3% $2 78 #b 78 4 A T AT LA
YA g 3B R AR AR S IR W] DA D 1 b B 40 B Y BE
T2 % NEC R /E . 4R 100 40 i £5 T FE I R NEC



£, Fokie, HifHE, % WA LI T /N7 45 B 2 R 28 B 28 1= 4L ) B i 3T i R

H VR FAIL A AR DL AT AR 5G4l i A 56 19 155 3 ¢ 1
HERETS S NEC £ BB Y B i #5752k — 2P WF 5 .

4 I ZAT S NEC

Kuriakose 22 BF 5 % BH . — 055 J i3 A 4 SR e
AT R ek /) B W 4 [ I 35 0 A T L A O T
FSRFEPER T A . Rt 2B T — 1T A
[[ PCD #J £ [n] X3 B A AR S A T ST O Y,
SR 38 i 3 R Y A M BT T A W (R R A A
Giinther %5 78 1 18 4 i 1 ¢ 9 14 55 56 455 80 op 2% 2R
T 2RI T iR A XM LR R T2
A T-(PANoptosis) , &= — P B K 4 fig )32 M T
/IMA (PANoptosome) [ 2 TR & A 9 [5] 1 74 4%
L Bl PCD 3 W] % A (9 — Bl 240 M 58 T HL A L 5
WEZREKEARE GRS B E %, T e
ZBP1-RIPK3-caspase-8 5§ £ fll # [ L W] 41 L1 &2 &
IREER, R SR B PCD, i 2 1 BCAH B8 14 |
T A A2 Bk B A A 2 1Y A0 ML P BE T AL A
2554 0 caspase-8 MR TE K S S HAM Iz A
TAIL R A IO S DA 5 3K B 40 MO AR T i R E DA
B RRRFET =0 XA Z Tk R &5 5
NEC By A& A4 F1 & Ji& o H Rl AR WAHSCHRIE | (145 3k —
SR, AW PCDg&ZEH S5 NEC 19 &K
BLH L SR A R R A 519 NEC J2 RUE Rl PCD i 4is
FFLJEL M PCD [F] AR T A& 0] A1,

5 RE

BRI L AR PCD @25 NEC & EHL
il 5T 0 22 J5) BT 20 4 5 780 0 240 i 7K SF 5 T I R
NEC 14k X & 2% . A [k 5 Zi) NEC 2 75 i A [A]
(%) PCD HLHI A 5 o SCAF 76 AH B9 52 ) | 3 [w] 98 35 38
%, o b1 AL E A U — SR, BT, AN
PCD il fif 56 S M 3 1 BAH 56 38 X T 1 Sy o 7 A 1 2
B 4 5 S0 0000 2 T | R G AT B R I S
fh 2 A RN TR 0L R 4 ik B R P e IR RE S T
T2 Wk i NEC & 5 2 M 055 5 17 . Bb4h,
BB NEC $hAR[E B PCD 18 #% ML 8 A 22 o0 HAF &
ZFRYT L 25 S SRR P IR FE AL R S
RIPK1 #3fi 5 (Nec-1) fig 98 5 Ji 18 1% 5 1 74 3% 7 4
B3 s 2 5 AR T A 5 3 R 0 R S i 4 mT o A
NEC g %& 4= 5 R 1 15 DAMP {5 5 3 1 570 2 A%
NI R S 36 97 M B 25 4 . TR & HT TNF-o A
Y THE AEN-v) th iy o fye ik, v LW i TNF-«

FIFN-v 2L [R5 S 09 DL i B KU o 8 AE Y
PANoptosome #6144 i) 12 P8 T3 42, 05 0 52
KA g SARS-CoV-2 J8& e | W 1l 210 Bt 4 ik 0 41
S0 it 348 22 i A It A S L 3 48 3 A S NEC iX —
A ZFh PCD AL A7 (0 | DL &b R E IR Ry 45 1E Y
i 3 % s 4 AL 1) B 9 SR B

&% ik

[1] JIANGSY.YAN W L,LIS]J,et al. Mortality and mor-
bidity in infants < 34 weeks' gestation in 25 NICUs in
China:a prospective cohort study [J]. Frontiers in Pedi-
atrics,2020,8:33.

[2] JONESI1H,HALL N J. Contemporary outcomes for in-
fants with necrotizing enterocolitis — a systematic review
[J]. The Journal of Pediatrics,2020,220:86-92.

[3] BAZACLIU C,NEU ]. Necrotizing enterocolitis: long
term complications [ J]. Current Pediatric Reviews,
2019,15(2) :115-124.

[4] BERMAN L,MOSS R L. Necrotizing enterocolitis: an
update [J]. Seminars in Fetal & Neonatal Medicine,
2011,16(3) :145-150.

[5] HICKEY M,GEORGIEFF M,RAMEL S. Neurodevel-
opmental outcomes following necrotizing enterocolitis
[J]. Seminars in Fetal & Neonatal Medicine, 2018,
23(6) :426-432.

[6] PAMMI M,COPE J,TARR P I,et al. Intestinal dysbio-
sis in preterm infants preceding necrotizing enterocoli-
tis:a systematic review and meta-analysis [ J]. Microbi-
ome,2017,5:31.

[7] SAROHA V,JOSEPHSON C D,PATEL R M. Epide-
miology of necrotizing enterocolitis: new considerations
regarding the influence of red blood cell transfusions and
anemia [ J ]. Clinics in Perinatology, 2019, 46 (1) :101-
117.

[8] NEU J,PAMMI M. Necrotizing enterocolitis: the intes-
tinal microbiome, metabolome and inflammatory media-
tors [J]. Seminars in Fetal & Neonatal Medicine,2018,
23(6) :400-405.

[9] CHO S X,BERGER P J.NOLDPETRY C A.et al. The
immunological landscape in necrotising enterocolitis
[J]. Expert Reviews in Molecular Medicine, 2016, 18:
el2.

[10] SUBRAMANIAN S,GENG H,TAN X D. Cell death

of intestinal epithelial cells in intestinal diseases [J].
Acta Physiologica Sinica,2020,72(3) :308-324.
[11] SZONDY Z,SARANG Z,KISS B, et al. Anti-inflam-

matory mechanisms triggered by apoptotic cells during



[12]

[13]

[14]

[15]

[16]

[(17]

[18]

[19]

[20]

(21]

(22]

[23]

I ARE,2023 ££,30 %, 5 2 #] Guangxi Sciences, 2023, Vol. 30 No. 2

their clearance [J]. Frontiers in Immunology,2017,8:
909.

DAVIDOVICH P,KEARNEY C J, MARTIN S J. In-
flammatory outcomes of apoptosis, necrosis and nec-
roptosis [ J]. Biological Chemistry, 2014, 395 (10):
1163-1171.

DEGTEREV A,HUANG Z H,BOYCE M,et al. Che-
mical inhibitor of nonapoptotic cell death with thera-
peutic potential for ischemic brain injury [J]. Nature
Chemical Biology,2005,1(2):112-119.

THOMAS A J,PULSIPHER A,DAVIS B M, et al.
LL1.-37 causes cell death of human nasal epithelial cells,
which is inhibited with a synthetic glycosaminoglycan
[J]. PLoS One,2017.12(8) :e0183542.

SUN L M,WANG H Y,WANG Z G.et al. Mixed line-
age kinase domain-like protein mediates necrosis signa-
ling downstream of RIP3 kinase [ ] ]. Cell, 2012,
148(1/2) :213-227.

BRAULT M,OLSEN T M,MARTINEZ J,et al. Intra-
cellular nucleic acid sensing triggers necroptosis
through synergistic type [ IFN and TNF signaling
[J]. Journal of Immunology,2018,200(8) :2748-2756.
HUANG Z J,ZHOU T,SUN X W, et al. Necroptosis
in microglia contributes to neuroinflammation and reti-
nal degeneration through TLR4 activation [J]. Cell
Death and Differentiation,2018,25(1) :180-189.
CHOIM E,PRICE D R,RYTER S W,et al. Necropto-
sis: a crucial pathogenic mediator of human disease
[J7. JCI Insight,2019,4(15) :e128834.

LI X,LING Y H,CAO Z M,et al. Targeting intestinal
epithelial cell — programmed necrosis alleviates tissue
injury after intestinal ischemia/reperfusion in rats []J].
The Journal of Surgical Research,2018,225:108-117.
SHAN B,PAN H,NAJAFOV A,et al. Necroptosis in
development and diseases [J]. Genes &. Development,
2018,32(5/6) :327-340.

GALLUZZI L,KEPP O,CHAN F K M,et al. Necrop-
tosis: mechanisms and relevance to disease [ J]. Annual
Review of Pathology.2017,12:103-130.

NINO D F,SODHI C P, HACKAM D J. Necrotizing
enterocolitis: new insights into pathogenesis and mech-
anisms [J]. Nature Reviews Gastroenterology & Hep-
atology,2016,13:590-600.

LEAPHART C L,CAVALLO J,GRIBAR S C,et al. A
critical role for TLR4 in the pathogenesis of necrotizing
enterocolitis by modulating intestinal injury and repair

[J]. Journal of Immunology,2007,179(7) :4808-4820.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

LU P,SODHI C P, HACKAM D ]J. Toll-like receptor
regulation of intestinal development and inflammation
in the pathogenesis of necrotizing enterocolitis [ ] ].
Pathophysiology.2014,21(1) :81-93.

NEGRONI A,COLANTONI E, PIERDOMENICO M,
et al. RIP3 and pMLKL promote necroptosis-induced
inflammation and alter membrane permeability in in-
testinal epithelial cells [J]. Digestive and Liver Dis-
ease,2017,49(11) :1201-1210.

LIU T J,ZONG H F,CHEN X Y,et al. Toll-like re-
ceptor 4-mediated necroptosis in the development of
necrotizing enterocolitis [ J]. Pediatric Research, 2022,
91(1):73-82.

WERTS A D, FULTON W B,LADD M R.,et al. A no-
vel role for necroptosis in the pathogenesis of necrotiz-
ing enterocolitis [ J]. Cellular and Molecular Gastroen-
terology and Hepatology,2020,9(3) :403-423.

CHEN R C,KANG R, TANG D L. The mechanism of
HMGBI1 secretion and release [J]. Experimental &
Molecular Medicine,2022,54(2) :91-102.

HINMAN A,HOLST C R,LATHAM ] C,et al. Vita-
min E hydroquinone is an endogenous regulator of fer-
roptosis via redox control of 15-lipoxygenase [ J]. PLoS
One,2018,13(8) :e0201369.

DIXON S J,LEMBERG K M,LAMPRECHT M R, et
al. Ferroptosis:an iron-dependent form of nonapoptotic
cell death [J]. Cell,2012,149(5) :1060-1072.

IMAI H, MATSUOKA M,KUMAGALI T,et al. Lipid
peroxidation dependent cell death regulater by GPx4
and ferroptosis [ J]. Apoptotic and Non-apoptotic Cell
Death,2017,403:143-170.

XIE Y, HOU W, SONG X, et al. Ferroptosis: process
and function [J]. Cell Death and Differentiation, 2016,
23(3) :369-379.

AR UL R A SR TR TE AL IR 2 U O (W) I TR] B
FFH 25 1 L R 20 MR FE T 0 A8 AL A LT . b 1 & o
#,2019,55(4) . 78-82.

LIY C,CAO Y M,XIAO J,et al. Inhibitor of apopto-
sis-stimulating protein of p53 inhibits ferroptosis and
alleviates intestinal ischemia/reperfusion-induced acute
lung injury [J]. Cell Death &. Differentiation, 2020,
27(9) :2635-2650.

T AR T 5 PR S SR BT /N i 45 0 R
7S S JRE F 5 M B R S AL R LT 1. s S R 52 36 B 2 2 A
2021,20(11) :1128-1132.

ANGELIJ P F,SHAH R,PRATT D A,et al. Ferrop-

tosis inhibition: mechanisms and opportunities [ ] ].



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

HI5, Foki, B, % 97 LR T N 25 0 ¢ o BT T L O R 53 R

Trends in Pharmacological Sciences,2017,38(5) :489-
498.

LINF F,WU H H,ZENG M Y,et al. Probiotic/prebi-
otic correction for adverse effects of iron fortification
on intestinal resistance to Salmonella infection in wea-
ning mice [J]. Food & Function, 2018,9(2):1070-
1078.

DENG F,ZHAO B C, YANG X.,et al. The gut micro-
biota metabolite capsiate promotes Gpx4 expression by
activating TRPV1 to inhibit intestinal ischemia reper-
fusion- induced ferroptosis [ J]. Gut Microbes, 2021,
13(1):e1902719-2.

GOPEL W,DRESE J,RAUSCH T K, et al. Necrotiz-
ing enterocolitis and high intestinal iron uptake due to
genetic variants [ ] ]. Pediatric Research,2018,83(1):
57-62.

LA CARPIA F,WOJCZYK B S,ANNAVAJHALA M
K., et al. Transfusional iron overload and intravenous
iron infusions modify the mouse gut microbiota simi-
larly to dietary iron [J]. NPJ] Biofilms and Microbi-
omes,2019,5(1) :26.

TREVINO-BAEZ J D,BRIONES-LARA E.,ALAMIL-
LO- VELAZQUEZ J, et al. Multiple red blood cell
transfusions and iron overload in very low birthweight
infants [J]. Vox Sanguinis,2017,112(5) ;453-458.
ALM S,SJOSTROM E S,SOMMAR J N, et al. Eryth-
rocyte transfusions increased the risk of elevated serum
ferritin in very low birthweight infants and were asso-
ciated with altered longitudinal growth [J]. Acta Paedi-
atrica,2020,109(7) :1354-1360.

MOHANKUMAR K, NAMACHIVAYAM K, SONG
T J,et al. A murine neonatal model of necrotizing en-
terocolitis caused by anemia and red blood cell transfu-
sions [ J]. Nature Communications.2019,10:3494.
COOKSON B T,BRENNAN M A. Pro-inflammatory
programmed cell death [J]. Trends in Microbiology,
2001,9(3):113-114.

LEIFLESTON A C,MURPHY A G,MALOY K J. Ep-
ithelial cell inflammasomes in intestinal immunity and
inflammation [ ] ]. Frontiers in Immunology, 2017, 8:
1168.

HU Z H,CHAI] J. Structural mechanisms in NLR in-
flammasome assembly and signaling [ J]. Current Top-
ics in Microbiology and Immunology,2016,397 :23-42.
A X % ARIORK 395 L A AN M AR T AR B A JLIR BB /N
Jor 485 B e v A BRI VE LT . 3 = B KA % 4. 2017,
39(14) :1440-1444.

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

YAO X M,ZHANG C H,XING Y,et al. Remodelling
of the gut microbiota by hyperactive NLRP3 induces
regulatory T cells to maintain homeostasis [ J]. Nature
Communications,2017,8(1) :1896.

JIAO R,GAO J,L1 Y X,et al. Short communication:
effects of high-pressure processing on the inactivity of
Cronobacter sakazakii in whole milk and skim milk
samples [J]. Journal of Dairy Science, 2016,99 (10) .
7881-7885.

FAN H Y.CHEN Z H,LIN R Q. et al. Bacteroides
fragilis strain ZY - 312 defense against Cronobacter
sakazakii-induced necrotizing enterocolitis in vitro and
in a neonatal rat model [J]. mSystems, 2019, 4 (4):
€00305-19.

KURIAKOSE T,.MAN S M,MALIREDDI R K,et al.
ZBP1/DAIl is an innate sensor of influenza virus trigge-
ring the NLRP3 inflammasome and programmed cell
death pathways [J]. Science Immunology,2016,1(2);
aag2045.

GUNTHER C,RUDER B,STOLZER I,et al. Interfer-
on lambda promotes paneth cell death via STAT1 sig-
naling in mice and is increased in inflamed lleal tissues
of patients with Crohn's disease []]. Gastroenterology,
2019,157(5) :1310-1322.

SAMIR P,.MALIREDDI R K S,KANNEGANTI T D.
The PANoptosome: a deadly protein complex driving
pyroptosis, apoptosis, and necroptosis ( PANoptosis)
[J]. Frontiers in Cellular and Infection Microbiology.,
2020,10.:238.

CHRISTGEN S,ZHENG M,KESAVARDHANA S, et
al. Identification of the PANoptosome: a molecular
platform triggering pyroptosis, apoptosis, and necrop-
tosis (PANoptosis) [J]. Frontiers in Cellular and In-
fection Microbiology,2020,10.:237.

FRITSCH M,GUNTHER S D,SCHWARZER R.et
al. Caspase-8 is the molecular switch for apoptosis,nec-
roptosis and pyroptosis [ J]. Nature,2019,575(7784) .
683-687.

NEWTON K, WICKLIFFE K E, MALTZMAN A, et
al. Activity of caspase-8 determines plasticity between
cell death pathways [J]. Nature,2019,575(7784) :679-
682,

LIA T,SHAO Y X,REGMI P, et al. Development and
validation of pyroptosis - related IncRNAs prediction
model for bladder cancer [ J]. Bioscience Reports,
2022,42(1) : BSR20212253.

ZHANG S,PAN W X,WANG H L,et al. Vitronectin,



I ARE,2023 ££,30 %, 5 2 #] Guangxi Sciences, 2023, Vol. 30 No. 2

a novel urinary proteomic biomarker, promotes cell py- [60] HAYASHI K,NIKOLOS F,CHAN K S. Inhibitory
roptosis in juvenile systemic lupus erythematosus [J]. DAMPs in immunogenic cell death and its clinical im-
Mediators of Inflammation,2022,2022.:8447675. plications [J]. Cell Stress,2021,5(4) :52-54,

[59] YU R Q.JIANG S Y.TAO Y Q.et al. Inhibition of [61] KARKIR,SHARMA B R.TULADHAR S.et al. Syn-
HMGBI1 improves necrotizing enterocolitis by inhibi- ergism of TNF-a and IFN-7 triggers inflammatory cell
ting NLRP3 via TLLR4 and NF-kB signaling pathways death, tissue damage,and mortality in SARS-CoV-2 in-
[J]. Journal of Cellular Physiology, 2019, 234 (8): fection and cytokine shock syndromes [J]. Cell, 2021,
13431-13438. 184(1):149-168.

Research Progress on the Mechanism of Cell Death in Neonatal
Necrotizing Enterocolitis

WEI Qiaozhen, WEI Bingmei, HUANG Qingmei,CHEN Yujun" "
(Department of Pediatrics, The Second Affiliated Hospital of Guangxi Medicine University, Nanning , Guangxi,530000,China)

Abstract ; Necrotizing Enterocolitis (NEC) is an acute inflammatory disease of the intestine caused by multiple
factors,and is one of the main causes of death in premature infants. Previous studies have suggested that ap-
optosis is the most important form of death in NEC midgut epithelial cells. However, recent studies have
found that non-apoptotic Programmed Cell Death (PCD) such as necroptosis, pyroptosis and ferroptosis may
also be involved in the pathogenesis of NEC. Different forms of cell death have different signal regulation
pathways, which may affect each other or have common regulatory mechanisms such as PANoptosome. This
article reviews different types of non apoptotic forms of PCD and their signaling regulatory pathways,as well
as their mechanisms of action in NEC, It also proposes new diagnostic biomarkers or new targets for preven-
tion and treatment of NEC,in order to provide ideas for the prevention and management of clinical NEC.
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