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Abstract: Neutrophil extracellular traps are a network structure formed by neutrophils. In recent years,
multiple studies have shown that neutrophil extracellular traps play an important role in the occurrence and
metastasis of cancer, closely related to in vivo inflammatory response and immune microenvironment. This
review mainly focuses on the factors related to the formation of neutrophil extracellular traps, their
mechanisms in tumor metastasis, and the therapeutic methods targeting neutrophil extracellular traps. It
provides new ideas for further understanding the role of neutrophil extracellular traps in tumor metastasis and
the clinical development of new targeted drugs.

Key Words: neutrophil extracellular traps; neutrophil; tumor metastasis

R — MR T AR IR I Ao BRI SR SR A g, LLRE
HRRAY, 5 AR E50%~T0%, RIS 2 F8 A 1A R 0 B 71 B B (neutrophil extracellular traps,
G B8 SN 58— B 2R, Atk T i o B NETs) %5 Ih g ok X 5t N AR 505 AR DT, s 41 g
e A 2 Ok 0 T % (reactive  oxygen  species., JERNETs B & 12 % NNETosis, 40N H A
ROS) A= Y. 4% il 25 (9 1l B HG Atk 200 b 25 12 kar NETosisf1iFH I NETosis. H 3B NETosistR A =

s BHA: 2024-02-23

EEWH: HEXAARRFELSTH (81972252); HEKE QA ITRITH (2020YFA0909000); il i o F oG5 E st = @&k i H
(18DZ2260400); i H Rl R4 BT H (22ZR1428000); i TR filt B £ 1l PR & T _E 351 H (202040382)

$E—1E#&: E-mail: Pathosus@163.com

*B{S1E& : E-mail: zhaoj 24@sumhs.edu.cn


https://doi.org/10.13488/j.smhx.20240123
https://doi.org/10.13488/j.smhx.20240123

- 1402 -

CAEMPIILEY  20244E4475 81 ZER

Ik #5 NETs B et #2 o b ki i sE T, i i g 7
NETosisff 8 1 i (0 sp PR g sh el 5 i 5
s rF R A R A S B A AN E T X iR it R A
A VR F——BL A HUphoR A bR i sh g0, R
B, ARYEXT 14F0 AN [F) 2R RE K13 000 2 AN 5K
IR HEAT VR4S, R IUNETsA 3 E2 2 2 1k b 0 Jé
AR IO,

A ERIR BT A ANETs T it B2 i 2 20 5%
7, I b i e i i F 3 P2 N E Ts 14 F BL 1) R
FHENETsHHREFE RS M EAEH . Boh, iBitie
T ALHE TG 25 R0 R 25 7E N B RO AR FINE TS HIVA T
Tk

1 NETs

Hh P RE A A — A A R G ) AN A,
FEIR T FEWAEAP BRROSHI A 1%y e
BUR AR . EMR st R R b, ok 48 i
2R PSR O I AUBORL . TR A
I 22 1R P 20 P A 45 ) NETs, DARN K&, £
REAL IR JEAA L,

NETsH A s BEA A T 7 X, L5058
() G P B2 77 AN ], R I RF A 46 6L 4 Ty R
B Yoo A sk LA B R I IR it i SR R A
NETosisfI R EZ T 2 MM/ IS T, BUS i
Joa H ) 22 28 R 35 AL B E B (mitogen-activated
protein kinase, MAPK)FI & FHEEFCX T 512k
1T SR . MAPK IS EROS/KF-HRIE T,
MM A ShAMRAZ PR BkAh, HEBEEROSHIZK
ST, WO I R 4 i 5P B8 (neutrophil
elastase, NE)FIEL E ALY (myeloperoxidase,
MPO), et /R EE N, 3G 5 ikt .
IR, A FAZ A R Ca” 05t 0 Jok S 2 I it 2
4(peptidylarginine deiminase 4, PAD4)/ S 14H K
M RA, SRR OEER: IR E 3RS
P 25 P (cyclin-dependent protein kinases,
CDKs). M EEESHifR | A A LF IR 2 5 v,
PRALAZ AR, WS MR R DNA B o
Bem T . RIEMAETTRZHTEZE
(lipopolysaccharide, LPS)¥#uif K 42 B & H /K fil i
J5, BIPEKRFLE FD(gasdermin D, GSDMD)5| &
FRIERE T, Zho B PIBRH, AMER AR TS

WIS B BB B, 1% B rp R 40 Ff oK 2 4 A fL
# HE(gasdermin E, GSDME)Ji A%, T2
PADA4MI 35, M 51 K NETosis, X [(JNETosis
AR R T PRGBS R T R . 2 F
WILFHLRI RS FEER, RZn] kPR g i st
1‘:[13,14]0

15 /1Y NETosis )47 i & HH R0 R TONE Ts
JE AT AT A7 S, S EL G 20 M A% o RS e e, ] BA
G RIEPIRIEDIRESE, 5 H ARABINETosisA [,
FE A R A0 52 B RS, o R AR /MRS
R4 6 . AMESZAR S & PRI R =
ZEG 4, MIMELPAD4, SEUAE A MARL.
geth i L EESE, DNA-SEHE SV G EZAERER
SR i UM B A A o R O S 5
NETs!">'%,

2 NETsHZNnfEER R E T

NETsH & H Z Mo, Wk 48 & A -9
(matrix metalloproteinase 9, MMP-9). NE. ZHZi%g
F1 1§ G(cathepsin G, CG). @b 1. HiEY
K HER AP, XRS5 R A
I (N=E AN 1 AR = S G RIS F N 11 I/ N
(extracellular matrixc, ECM)J/KAEAE & E0F %5
VIR RN, SR AN ARG B e R A S Y TR
TAHNE. MMP-9. CG. 4 A RMDNAZ, A/\
WG A — B S (N E Ts B 70 M He 5 %6 e 1F
[R5 o
2.1 NE

NEJ& — P i o P 6 40 B 70 16 1) 22 28 1R B
iy, BEAEHAEEAREIEN, &2—Matkn
MRMNEA, Z5HEKRERN. CuiZllk
M, NEReW B UI#|EAHEHCDS, BlE A
TS5 I8 & KA B, I B s 4 T
F R B T H YA S R S 1 2 e 4
FEI HNE i 20 i A K A R FH o

SR, 05 B 70 3R BANEGE 98 {12 338 i 8 40 At 1)
4% . Houghton 27 il /N B A R BL, NEW] LA
FLE N H L) R AR TR R, PR AR & 3 52 R
IR RIL &, Rk 0 B 58 . k4h, NEWRT
TS B R ECM R 8] 630 R A B IE, AT
R HE AN (12 B R . BRI, NES



EURIR, S R AR B S e A e RS BT S

- 1403 -

AN ARG, RMINE S =4 BT W 82 7L IR
BRI T 1

LR LRTR, NEXHERERF#BAXAEH . NE
Aef it 5198 PRI A 5 (tumor - microenvironment,
TME)KAR i hE 4 7, ELARHL G B4 ) o 41
B gl Py E A A0 (R i AR R P
e P £ R 0 At P 2 B D1 T4 S T Cud
BN, NEfEWS BRI, TMEH K
22 28 IR £ I B A R s H D) sE . B T TMER)
SR, NEEHF IRt 280, 7FEE
0 BRI 5 R B 2 AR R e R S A 75 AT
171
2.2 MMP-9

MMPEALKE . A, HHER, 3
BIEAKAE . MUE A& P A B i &
BAER, ERNIGK RIS B2 3074 12
AHEFLERM, MMP-9E N REAEh = ERL,
5 9 0 L ) A RN A5 21, MIMIP-9{2 EJEECM )
T30 A 2R - 1 B AR SR BE IR - o) A
Ae il I IR ECM P BE B kAR it i e, R EUM
IR A1 PR I R S ) IV Y R SR B e, AR N oAt
MR, H—FiFESHERD., EZRRY, MMP-
OfE B, FLAREE 20, gh s i PN
S [ A 5 e 7% i A R R A A
23 CG

CGRIEZH N Rk, RS PEMREVE 2 40 N 1)
ERurAEr, mkKEES. BEEE. ZEE
WA, S5 H TR S O R PR A
FEFREE T M R TR CG K e 1 52 31
PERL 40 B AT A O DNAFZ ), rh MoRE 48 i AT 2 1
DN AR PABH Wr 2H 24 P A Y5428 2 1 g 0 ot 7] ) DR 47
WY, DAR i CGRIZK MR . CGR] LLYIEIFNEOE
MMP, JEAT LUK AR R E 7P ECMEAL 73, T SE 34
MINAZ, LE A5 R b a] DOWL 52 2 CGad i b L
e Je 4 A (e R 0L,

HCGULAEAK MR 77 R HEAE NG, RS TG AL
i /AR, B MR 2 7 o R A P O
BEHLIMEBENEE A Y (major histocompatibility
complex, MHC)¥#% ZI| it Jeg 40 i v, i e 4 i o
MHC/KV Ty, 0 B 2 R A5 40 i (natural  killer
cell, NK), 3% fifRs 4 i () o 2 6 02, seaist

JiyRE 20 s A VE A . LA SRR, CGRTRES2
FUBR DL BB 4 B i B i 4 e
Kl BT CGF oI AS 2 fR ik 2k 5 L CG AZK i 5L
KA 77 SORFEAE A, TRl b L o] e e % 8 (1) 412
AR IR R T K AR T . g5k, CGXt
S i e e VR B — DR L.
2.4 HEHEDNA
HTNETsHHE A B REE, o
LB N R, fE— e BIRE T, 4iE
H5DNA—RLLBEIMFIDNAEGEE SR LG
PO NET-DNAFE My a4 K 7 1] 75 58 41 i 4%
¥, NajmhZEPS7E ik 80 /N AR R B, NET-
DNAR] DU 8 & R o g i, I 51 5% 40 i
b B, EAE T, FFEERGA ST, 2
HHERER R AR E ACCDC25ME NG 54 S K
¥, HAINET-DNAJ5 UG ILK-B-parvini& %, {2k
e AN AL, CCDC25 42 I8 4 i i B AL
H AN BA R, TangZEUONIE B T BH [ BF GE 9% 12 3t
CCDC25KIFKIE, FHHAKBCCDC25 5/ MNEEA-1
TEASPP2 AR IIAT V20 g rp 38 on H e 4o, AE [
JI 55 [ Bk 35 1 CCDC25 R/ g8 B - 1R IA
HAT, = AAURNETsHH G148 A FIDNAT)
SCHERIR A, LA B AN N AL B T FIDN AT 45 6 5%
AR R R E R, Rk — B H A
B .

3 NETsTE{RHREER % RIHLH

B AR Re i s Hr R A IR TE AN IR N T B
K5 mtE,  FOBURE I 5 0 1 mT e S5 0 4 i T R
{167 e s 200 A P R 4 A i ) B P AN [ e
MOER UL INETs B8 ) 22 7 < BT
F B, NETosis ™| LARHE (2 s seb i /e H
HACRER T TME" . i FNETsE £ ff i 2 7Y
R R ERER, AN HNETSTE
Jer i A R TR PR AR R FE AR I FE 11
3.1 NETsS5RERN

TE B M o 3 45 3L 5 # kE 55/ SRLE WIS Jifi &
YR, I 51 A4 B SORE A AR B, R IR
FHMIIBAMMONETsTIR 5B M, 5IA
DNasesZ fiENETsH bk 1 iR AHIeME, SCHE 7 RIE
SN ] g 5 NETs S 80 1 b 3 i 4 o511, Jenith



- 1404 -

CAEMPIILEY  20244E4475 81 ZER

AHRERY], A5 RAEWGIN 1 Hb A i i 8 bs S
PG 98 41 Bl (circulating tumor cells, CTCs)5 AT 52
IBh PR, AT R e Sz A e R Y
FLAH A (1B, 2 A 2R 5 CTCs 3R IA I 4 A 18] 2 B 4>
T-UREAER, /5 kg i S CTCs b T
BRI A5, BSR40 M 1 G TR 3R 1
Yang SO TR, A0 M 1 5 A R
KL BUNETs &3, 2 — 23T 1 e gl
M B8, 8 BH W Toll 52 48 4/9(Toll-like
receptor 4/9, TLR4/9)TLRs-COX215 5 3K kk S il
PR RIE SR, I EENS M SINETs 51 & ¥ # 1)
A& /1. 5 b, NETs{Zk I8 48 i 4% & L) o] qé
5 R NA K

CLAI#% A F-kappa B(nuclear factor-kappa B,
NF-kB)& 52 [ 4l il /- 2% -8 (interleukin-8, TL-8)%
ISR R, TIIL-8 S A2 —Fifig 48 M b [
F, TME &I INIL-81 53 . Zha®5 W HE—BAiE
B 7 TL- 87 i 20 i i e B vh s kA, JF H
NETsHHE 2 {7 2 — =il B R B E AB1 5 HRE{L
KPR AR, BIENF-xB, iF# TNETsAEW
R JE i 98 2 L P S L . I R RS 2R M RT A i S
FUBAL-81) 40 s, RAAE KL, KGNy kL
JLXSS F R B AL IR, IR A NETs

BEIRTF RIS 1077 e 1 8, (BAEAE
FFAER G ERGERRK, FARE S FHF ARG,
T I SRR AR AT A IR A B 22 M T A i e e
¥, ARJE I JE S B2 e 3k AL A 4 B G 2 ]
R, I 51— R IR R R, S
BRI 2k, X —HLE AR BOE S TR
WS % T A INETs 5 9% RenZEHIEW], 1L /MR
3t TNETs /™S ICTCsHli 3R B Ji5 1 %

ZR ERrR, NETsHe e 77 98 0 S 8K i3k
3.2 NETs5 “fi#Ez”

CTCsHENS MR I & R AL B NAE A 2R 48 )5
EF e, (REmEEBLY. EmiE R
FEHT, R R o AR b 2 B i S — MM B K
e HEREREBE A%, IX — Tl R e AR Ol e A% 1l AR A Az
(premetastatic niche, PMN)PY, Hglifihy “FHikk
2

Castafio %R, AR S & A e RS 1

G S SRR IR 9 RE R B Je R ENETs A il 5% 45 52
MITE R, NERAEAEMIAEE, 25, HNETs
M FCTCs R AH UF e R AEHHE . Weulek 14k
W, TS 52 A rR I ke AT AR I8 I R = Rk
TR A, (R I E R . AR
I, PR e A R, e ar W 3 rh MR 4 i AT
NETs, Fifar Il 20 g 4 82 k- (0 T2 i, R BIHLARTE
JENETs)q, FALRE > K 73 il ) 5 AiMMP-9 4
NE. RIERNTEAIRES 5 WS 2 mE,

BT P 2 2 AR AE T R I e e 4 47
B HADH L 5 2 ERFRIRAR A, NETsRE 8 M i 71
T IRIR IR 4N . AlbrenguesZ:PYR I,
LPSHEMW 75 3 ORI 40 M ) o, A o e R 48 i )
R BB W X — IR . 25 FH PAD4 40 il 57 5
DNasesftf, BEJR/DLPSIE T HINETsTE il LA K Ji i
R DR . AR T — FINETs M B AR HR 40
ML : NETsHTA FINEFIMMP-92: 1) 61 il 8 %1 2
FEEA, BB RGPIETIER, (Lt
JHa 1G5

R b, W RN A AT R BRI R R 2
—, MR REAE UL R S R AREIR . FRGEL, ELF
REEGE M EMEA, B2k THAMRE. A5
. BREFEE. Bk, IRANETsH B RN
KAFNEKR, el bl S gt ik,
3.3 NETsiE% G EaEns

JirfyRd S 2 f A 55 (tumor immune microenvironment,
TIME) @& fETME 1 4173 th (1) — KA S 2k, H
TP MM 2 K, 3G A A ) B M 2
FETE . TIME 4009 20 i A7 40 B 7 M T 46 i
(cytotoxic lymphocyte, CTL)4ICD4". CD8%%, LA
JONKAHM ;A7 i 240 i G0, 455 i e AH OC 41 4E 248 i
Bl U A0 40 B R AH OC EOWR 4 R (tumor-
associated macrophages, TAMs)%5, #RFTIX L5
4 Jf 0T i AE e # (10 A A0 A SR B I B B 9T 1)

Christof 25 i F5 B AR v 47 7 i Bk
AP v B ) R T R R B B INE Tl B &
NETSIITME, KRR L4 CD4™ T4 A
CD8" TAHMIERIA Z M2k, FHRIH Thae Ak
W R A i B A AL PR BRI 1 (deoxyribonuclease
1, DNase 1))/ RARPNBFINETs, &I A K



EURIR, S R AR B S e A e RS BT S

- 1405 -

ZeN% . A HE IR UL R TA R D se K- r, E
B HE (M) NETs 7] AZE RF M4 B2 (0 e e g g, 0k
Jiyed IR % 4%

Hor, CD4" T /2 Jas i G s D it A2 rh i)
BRI T, BRI T TMEI AR BR R gi iy,
e B S JOT M SRR 0T 2% i A 7 AR AN (] ) B I
i, CD4" THUMIFEA =AWHE: MBI TR
(helpe T cell, Th). 15T (regulatory T
cell, Tregs)FYEI4HBIETAH M (follicular helper T
cell, TFH)®, #£Zheng® 7 37 () fili 54 7% 70 L it
FEAE A, Th2 4l 3@ ik STAT6/Z 5 3 % 4k 5 fii 7]
70 AL A M s M, RIBINE TSR %, (2 2k L
JRHE A5 RS, Th2-STAT6-C3-NET 4 A FL AR5 fili 5%
P IRBNRZR, PO FE R, Th220 2 i
kIR . EREFE BRI T . Tregsfg % i
CTLR B J5 i E M A e b 2345145, HorpO b A
T REEFE I TFOXP3PY, WangZ P g r 17—k
TR P T I A1 P 4 T 20 PR B Y, R 3 e R 5
R, NETsHTregs KA N, TEREIEKE .
R RS, I ENETsHIFRiCH) N IR
{20 % HH3(citrullinated histone H3, CitH3)#l
FOXP3tH HRIAEEIEAAIG, HEMTregsn] LA T
NETsHIE M. %51, CD4" THIMIA T 1 s B
A 8", FA B R CD4” T MY
e A B B OCE EIEA .

CD8' T4H M & N s e R B A R B
TR R, BT REITIENPATE, A
I b 3 PR PR [, Christof%5 )58, 78 3L 61
B 1) e RE A R AL T DL S /N BR R R IR A
ENETsITMERERS 15 5:CD8” T4H il fr) 2 35 A1 T R
FElgs /N T MRAE AR SNES: Z 5R TNETSH 8 T 7]
F P RAM KA, RYINETsXTCDS" T B
YEM . Vesely2&0 45 57 T NETsfETMEH 135 CD8"
TR LA, AT ANETs 0] Be s $2 7 T4 A
R ) % P i ——PD-1/PD-L 1 il H 82 5] 2
CD8" THIEAIFES; 7L S NETsHITME i
PD-L1, nJYREINEEMETANM BvENE, FHoes 1
R,

NETsid e it 1o 4 B 5 i 7 2R 42 75 TR AR i 4
M FEPETh AL . TeiJeira5OI7E JL1% 78 RS AN B
AR EL,  HMETNE TS T8 40 it A7 3% A3 5 1

SN, 2 FINETs 2 s 40 i i, 2 46 5
CDS8' T 4 peE: P, MR 4 G4 5CTLE
Befifih. Shinde-JadhavZ5®IHE Y, NETsTE iR -3
5 ST T B A 3 B SR AR R 4 B, B S C DS’
T2 A 170 Je e 200 B PR 92 5 30 4 L 11 2 ik
BE, R HEIR S

M2, REHHFTEY, FETMEH, NETsX
CDS" TYHRAICD4" TYI i AR B 42 ok 1A 32 i 1
A H R ThRE, (et Mg .
3.4 NETsX} & £ St H 520

N AR ARG, TR I IR AR R A T
AP, TR 4T B A s i 2 AR R T I I N
BB, AT EE N LB AE B8, AR 5 b is Nz b 4
4, SEMRE A Y. B RES, R
R — Bk TR A SRt B—n
AT H e T 0 A 45 F e e B MRS Tiang ZE TR BIE 5T
T NETsXRE I sh PE s f 57 7 R4 At
FRIK A B A M L 55 9R R 40, RIINETs2 i e
WESREARNRE, WA EEREEE, &
S 0 e o o 4 B R AR I AMBE, (R
H:F% . McDowellZ PRI, NETsE AR 1 I
WIEE, BRIAMEHEFE, 2N A\DNase 11
PAD4NHIFII, NETsE SN B4l &2 kA
() SR R e o TE A R ST ) JRRE /DN SR
NETs ) 5> Z —MMP-9RE W fie 1F 1f 8 AR i, 33—
2 SCHE T NETs T LA Bh i £ 57 BT 75 14 I v 41 1o
R A5
3.5 NETs5% MR R

E Park ZE ST F 2 (180 4= 5 S I/ BRURUE L
W e LAY, SRR I A B R T I R
FHLG, B 1 20 2R 75 10 e 8 A TR R S 4
THEELHIINETs, FlkFEHEEEARRs S
M HFNETsUUR, AR T HBHIAETE K.

NETs i} ¥ 20 B 3 7 16— Fh L) & @ I NET-
DNAXFCCDC25% DNA & Jak 3% 11 8 16 1 FH sz 8l
(. YangZPVRBL, FRi40AE . NETsHIARICH)
MPO. CitH3 4} AIAELE T FL I 825 1 J5 ke v e
AU RS YRR, BLUE B3 AR NETs DN A
o 55 A CCDC2SH HAE A, DNA-CCC25
fitk B AE 545 S IR I B, AR HE T e iE A
JHO P 7 103 % A R RS T B 7R/ AR N 45



- 1406 -

CAEMPIILEY  20244E4475 81 ZER

T HLCCDC25 W HLAA n] B 298 /> NETs /i = 1) LR
FERT R . Tang Ze U0V X 1 i 45 1 4k 4 33 17 1F
o, {EATIZ0HE, ASPP2HRK I S I IH [ EE AL 4
BRI RFECTNETsHI R R, 2 B IH & B A Sk &
B R Hh 1 R 4 i 55 5 AT BN E T i 72 1) B2 22
YER, Ik W [ I ) v 3= BE 2 2 T CCDC25 3R
1%, TMEECCDC25HINLEIA fr it — Pk 7T -

NETs 5 i Ji i 7% 7% 1 e 38 5 AN 40t 2 1 ot B
YERIPLE],  ande sk i B 440 . 38 Rl b R 1) o e 4k
(epithelial-mesenchymal transition, EMT)%%, J#id
P FEMTR] AE b 2 SR Ut 0 s 4 i A= 28 1 48 o,
TEFL R A O NETs S i A L &, I
E-5 0 8 (1 T A LA ) 78 S s e BT, e
NETsiliid % SEMT{E it B4 72 Zhu)
I AL FINETs, A 5 B 40 i -5 R B 3 Y
KRB, T E 7S AR I K E . Martins-
Cardoso % /17E FL I A28 £ T NETsE 5 A
& Lt A 0 e R B B2, R BINETs 2K
MCF-740 1) _E BT N Ia s ik, pEEs
EMTHHER AL : N-£5 %58 A L& R A MRk
w0, ME-F5 38 B K ERE 2 B HE], H 2 EMT
B AT e S AT S B A Ok, I8 T RE S SR 4T
MiERRETT. LA EWFSURY], NETsREWELEA
JoR EAE A A T B IR EMT 258 55 £% M 9 0 s o2k
T BEIEAE 75

4 NETsHJ#L=LIRE

FRAF R RN, R MR S NETs 5, T
DU 3t e 0 kA, (BN 28 1 b v bz 4
HA— NP Ihee, X5k nr e e otk i
N RS i Gl TS GRS I A < (= <& i SR C Y T
il NETsHIH Mg Dhae AT TIRER .

Cui%VR B, NERT DLk B 4% 4033 5 7 e 4
Mo, JEIESDNAG . $E M &R AROS =
A T R T3 S S AL 0 R A AR A A O )
. CDOSTEREA LR RIE, Tl T LLE S 1
FI-FCDOS MR BEHL A e I A, kR e . 3T
B4, NEW L@ iy #E AR, @ik
fRVIEIVER TCD95, fHCDOSEEIH —Fh “FET 4%
W, AEM AT, RRYUEEM. Bk,
NERIXFRALH] 2 £ B HHNETsHIHTEE T -

B T NES R IETUIR M LLAL, R NETs
A4 M P O BE % 5% S0 2 €0 22980 40 M 3 40 o) L 5%
¥, MPOBZ [ 3 5 R AR . NETsH 1)
YR IREBS B IR b R am i, AT B IR A R B 1k
EHRMAETY, NETsIA S P EAHE, i
ISR AN 2R, T ELB T R AR R ROA B
s AR SR AN T BE R H B M A AR R
R,

gi b, AR MERf E NETsX b J8g 21 i 2 42 3t ik &
PR, R KB 7R PINETs & e i e i
¥, AEAAT 35 50 v] 5 BB I N E Ts B 9% 30 1) i
JEHERE . Uk, 4kSE0F FUNETs X R A48 T e 3t
HARMLHA R .

5 FBEINETSHYRT AR

5.1 DNase 13515

H4H ADNase 1s&—FhFH TIBI7 CE Y kM
il i 2%, B Z R oiee, EFEEROZE R
BRI T AV TE R R R AR N
2. PEMEDNAJLSR . R ohae s, i
TR N DT ) 2P 3 AR, A4S FLIm PR B AR K
(RPRIAE, AR A vt 2 e BV 3R o kvt bl
TP NPEDNase 1471l 7] ——Pulmozyme, A
T BV AF 44k, (E 2 RN 1750 4 DLE N A
TG, SBURYT MLE F 5 85 LA NETs T
A IFH, X—my7 7 m s %=, £
SERERE EXHLRE E, XiaZEF R 7 — R iR
K993 7% (adeno-associated virus, AAV)FE[KEIEITH
&, Bes L IEM i #IADNase 1, UERH 75K
F ik S 5 AAVAY 3 FIDNase 1 #0141 7 /N R 25 B
i I e, RAAVA T DNase 12—
P G 3miayT . Bk, DNase 147l 54E
NEEIRINETs W 2590 HAA R R 0 S W /1, A ik
— BT
5.2 PAD43I#IF

PAD4ZNETs /¥ Bid #2 1 i) 271, Aefig i
THEAMEARN, FECPIER Y EZDNA K 3L
R LB, 2 EMNETS" . i PADA R LLfF
CIEHAHNETs /K, R BRI AE S T FINETs )
TEHL: PAD4ERFE /N B NETs #5032 240 i),
BA Jo BHAS 7 Mt e, K T N RO A A



EURIR, S R AR B S e A e RS BT S

- 1407 -

HAUO, BFST B, HHIPADAE S [AINETs MR AL 1%k
P&, BN AR WA AT PA DA i1 771 S
AT FIGSKA84RE L ¥E M PADAT . BT
PADAFN | 71 B A AU PR . 1R 1 22 [k a
BUAIE 7L 2 1 PADAFII I I 9 K AL 38 R 5, BLFE
1 G KR AR AR RIS SR i B 358
TERE DA 2 AL BB B K RS0, g R A
kR RGP, KT EE R R MR
PAD4FM I G HEAEH TG IR, RRAH BEGE—D
XTPADAFNHIFIFEAT W TE, DA 2 HAESEAINETs
IR A RS AR

5.3 HPHIRERF

73— PN HINETs 1 77 202 42 MINETs i/
Ji, %A T R 98 E A OC BRI FLEBCATIZ .
CXCRI1/25Z A4 2 v R 44T i 25 THT 1 G 8 11 ) B 5 et
AR, R ERL A A% A S S B, T
TL-852 30X — 52 A4 5 v b 4 Al A 1) B 3K
BB ER AR & — A CXCR 12405, e
BEL U I A 5 2 AR 4, AT N E Ts (0 78 02
FE, ARiE SR, FHFIL-85 58 FEPiiA 5CXCR1/2
R0 B P LA L BT 8, A R N B [MINE Ts
(g ia T 5 U,

UbAh, B L) IEEIT R TR AL,
TBIT RS R T E A R -1 T U R e T
YERLAN M SRR TN BE, FEREIHINETs I ™
HMACSasZ P 14 1) 77t 1 St FH T Bt Hh M b 4
FASRH /N A 4614,

54 thzy

Tang25 VR B, B IR 24t 2 AR Ath 7T 25 R 0%
WA [ B A R, (R E S CCDC25 IR ik,
M FEINETS I TE o K AR 7= 40 /N BER 2 — Ff
BERRZ, TR AETHERSE R, FEFEX
NETsHHEEH. SN EERS A S
fiil I (dihydrotanshinone 1, DHT)n] Il L fi e 41
FERIRITE, Zhao®5PHA N, DHTHEW K> NETsIE
FS I FE H O AR I R T 4 B T A ) Rl 1 (matrix
metalloproteinase inhibitor-1, TIMP1)fJ3Kik, MM
PIHINETsHIE . Pan5lVR I, 355537 g fis PR
g H /D R A 4l A =-1. MMP-9{IK
F, [FIFNPADARIFRIA W Z 2], M HIHINETSs
MR, T804S B e i it e 52 2IPHAS . Haute

SESEHL, BT RRFEERREIHIROSHIRL, 4
R 2 PR R T R PSRN, I AHINETs 7
A, B BARIHLEE AR A B IR . 2 A 8O
gy kg, 505 SR AR AR AL G 2 W ROS
PAD4. TIMP1% [T, XINETs#EATIAY; 2R,
P2 AT H AT IR AR TE A, Sk 2 AH O 1 I R A
Jt, A B DRI 25 % B o BAR AR AL
i, DS B8 ap b AAR B A R 25 PERE MINE Ts H I B K
M E®,
55 M&EE

Pk e — R A Y B = SR B A IR
AR =, SRR B Ptk . BystrzyckaZs ™
F &% 2= R B A7 5% 2 A0 B b R0 R S b T
NETsHITE R, FH, BiT# %5 =677 Re 8 BT
RGP IE R BT REPE s ROK 55 25 55 1 56 40
NETs A B, fH Sk #9085 W % A 97 308 . A
M, GEMNHPUEREMNETs 7 2 H IR AW
7.

6 /INgE

H ATk, AR 4 i S NETs % e i i3 Je (1)
o AR Z 0T, SR, NETsX 8 4 i A
TME = A4 5 I HLAIAT A CEVE 2 R . KB40
RFEW, NETsHLMHTIME. M &5, R
% Y RN DA B e # . AR, R
AREFIRH, NETsEAMGEEREH. Kk,
R 7T W] IE A B I NE Ts 4 136 97 J8hE 410 il Je
JEME L E X . MM BXNETsHHREKZ
KW BARWLE], 3 EIRATH NETs B A %1 A
SEA, ARSREFXINETsI 05t sl & f & Kt
J&, R kR 2 4R I T FINETs & 5 hni%
W T f o

TGV NETs X} i iE (1) % % o2 0 il 4 FH 3k o2 2 gk
EH, fERREIT Ak G EEMNE, A
B —Fs Wi bs EY TS FE bR . (HILEY B,
R RINETs Va7 7 A fridt— P . BlkiE
M2y aE k. B4 ADNase 1. iR, %
K SRR IR O NETsHITE B, i iE BB 5 RE S
2t TPINETSIT VL, oA W REIGYT — L2 5NETosis
AT, W PR . BE IR . PR R Gk
i s VR A, NETsH 7 1T 5 4y 3



- 1408 -

CEMILEY 202452448581

Zrik

U ARG AE S . 2R EPR, 4RI ENETs

L5 T8 e A% B LA K AT T 5

AR IR PR VG T

RE AT AT 32— BT 7

(8]

[11]

[12]

[13]

[14]

SR

Jaillon S, Ponzetta A, Di Mitri D, et al. Neutrophil
diversity and plasticity in tumour progression and therapy.
Nat Rev Cancer, 2020, 20(9): 485-503

Lee WL, Harrison RE, Grinstein S. Phagocytosis by
neutrophils. Microbes Infect, 2003, 5(14): 1299-1306
Nguyen GT, Green ER, Mecsas J. Neutrophils to the
ROScue: mechanisms of NADPH oxidase activation and
bacterial resistance. Front Cell Infect Microbiol, 2017, 7:
373

Borregaard N, Serensen OE, Theilgaard-Monch K.
Neutrophil granules: a library of innate immunity proteins.
Trends Immunol, 2007, 28(8): 340-345

Leliefeld PHC, Koenderman L, Pillay J. How neutrophils
shape adaptive immune responses. Front Immunol, 2015,
6: 471

Masuda S, Nakazawa D, Shida H, et al. NETosis markers:
quest for specific, objective, and quantitative markers.
Clin Chim Acta, 2016, 459: 89-93

Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in
cancer: neutral no more. Nat Rev Cancer, 2016, 16(7):
431-446

Cui C, Chakraborty K, Tang XA, et al. Neutrophil elastase
selectively kills cancer cells and attenuates tumorigenesis.
Cell, 2021, 184(12): 3163-3177.e21

it T3k, &R, 55 PR A SN B 2 e
PR ipLHI TR, P ERRAEPTIAZS, 2023, 15(2):
230-234

Adrover JM, McDowell SAC, He XY, et al. NETworking
with cancer: the bidirectional interplay between cancer
and neutrophil extracellular traps. Cancer Cell, 2023, 41
(3): 505-526

Vorobjeva NV, Chernyak BV. NETosis: molecular
mechanisms, role in physiology and pathology. Biochem-
istry (Mosc), 2020, 85(10): 1178-1190

Zhu YP, Speir M, Tan ZH, et al. NET formation is a
default epigenetic program controlled by PAD4 in
apoptotic neutrophils. Sci Adv, 2023, 9(51): eadj1397
Wong SL, Wagner DD. Peptidylarginine deiminase 4: a
nuclear button triggering neutrophil extracellular traps in
inflammatory diseases and aging. FASEB J, 2018, 32(12):
fj201800691R

Demers M, Wong SL, Martinod K, et al. Priming of
neutrophils toward NETosis promotes tumor growth.

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

Oncoimmunology, 2016, 5(5): 1134073

Clark SR, Ma AC, Tavener SA, et al. Platelet TLR4
activates neutrophil extracellular traps to ensnare bacteria
in septic blood. Nat Med, 2007, 13(4): 463-469
McDonald B, Urrutia R, Yipp BG, et al. Intravascular
neutrophil extracellular traps capture bacteria from the
bloodstream during sepsis. Cell Host Microbe, 2012, 12
(3): 324-333

Houghton AMG, Rzymkiewicz DM, Ji H, et al. Neu-
trophil elastase-mediated degradation of IRS-1 accelerates
lung tumor growth. Nat Med, 2010, 16(2): 219-223
Huang H, Zhang H, Onuma AE, et al. Neutrophil elastase
and neutrophil extracellular traps in the tumor micro-
environment. Adv Exp Med Biol, 2020, 1263: 13-23
Lerman I, Garcia-Hernandez ML, Rangel-Moreno J, et al.
Infiltrating myeloid cells exert protumorigenic actions via
neutrophil elastase. Mol Cancer Res, 2017, 15(9): 1138-
1152

Wada Y, Yoshida K, Tsutani Y, et al. Neutrophil elastase
induces cell proliferation and migration by the release of
TGF-alpha, PDGF and VEGF in esophageal cell lines.
Oncol Rep, 2007, 17(1): 161-167

Bekes EM, Schweighofer B, Kupriyanova TA, et al.
Tumor-recruited neutrophils and neutrophil TIMP-free
MMP-9 regulate coordinately the levels of tumor
angiogenesis and efficiency of malignant cell intravasa-
tion. Am J Pathol, 2011, 179(3): 1455-1470

Nguyen TT, Ding D, Wolter WR, et al. Validation of
matrix metalloproteinase-9 (MMP-9) as a novel target for
treatment of diabetic foot ulcers in humans and discovery
of a potent and selective small-Molecule MMP-9 inhibitor
that accelerates healing. ] Med Chem, 2018, 61(19): 8825-
8837

McDowell SAC, Luo RBE, Arabzadeh A, et al. Neu-
trophil oxidative stress mediates obesity-associated vas-
cular dysfunction and metastatic transmigration. Nat
Cancer, 2021, 2(5): 545-562

Dragutinovi¢ VV, Radovanovi¢ NS, Izrael-Zivkovi¢ LT,
et al. Detection of gelatinase B activity in serum of gastric
cancer patients. World J Gastroenterol, 2006, 12(1): 105-
109

Chiranjeevi P, Spurthi KM, Rani NS, et al. Gelatinase B
(-1562C/T) polymorphism in tumor progression and
invasion of breast cancer. Tumour Biol, 2014, 35(2):
1351-1356

van’t Veer LJ, Dai H, van de Vijver MJ, et al. Gene
expression profiling predicts clinical outcome of breast
cancer. Nature, 2002, 415(6871): 530-536

Niu J, Gu X, Turton J, et al. Integrin-mediated signalling


https://doi.org/10.1038/s41568-020-0281-y
https://doi.org/10.1016/j.micinf.2003.09.014
https://doi.org/10.3389/fcimb.2017.00373
https://doi.org/10.1016/j.it.2007.06.002
https://doi.org/10.3389/fimmu.2015.00471
https://doi.org/10.1016/j.cca.2016.05.029
https://doi.org/10.1038/nrc.2016.52
https://doi.org/10.1016/j.cell.2021.04.016
https://doi.org/10.1016/j.ccell.2023.02.001
https://doi.org/10.1134/S0006297920100065
https://doi.org/10.1134/S0006297920100065
https://doi.org/10.1126/sciadv.adj1397
https://doi.org/10.1080/2162402X.2015.1134073
https://doi.org/10.1038/nm1565
https://doi.org/10.1016/j.chom.2012.06.011
https://doi.org/10.1038/nm.2084
https://doi.org/10.1158/1541-7786.MCR-17-0003
https://doi.org/10.1016/j.ajpath.2011.05.031
https://doi.org/10.1021/acs.jmedchem.8b01005
https://doi.org/10.1038/s43018-021-00194-9
https://doi.org/10.1038/s43018-021-00194-9
https://doi.org/10.3748/wjg.v12.i1.105
https://doi.org/10.1007/s13277-013-1181-5

EURIR, S R AR B S e A e RS BT S

- 1409 -

(28]

(31]

[35]

[36]

[38]

of gelatinase B secretion in colon cancer cells. Biochem
Biophys Res Commun, 1998, 249(1): 287-291

Hiratsuka S, Nakamura K, Iwai S, et al. MMP9 induction
by vascular endothelial growth factor receptor-1 is
involved in lung-specific metastasis. Cancer Cell, 2002,
2(4): 289-300

Cox TR. The matrix in cancer. Nat Rev Cancer, 2021, 21
(4): 217-238

Guan X, Lu Y, Zhu H, et al. The crosstalk between cancer
cells and neutrophils enhances hepatocellular carcinoma
metastasis via neutrophil extracellular traps-associated
cathepsin G component: a potential therapeutic target. J
Hepatocell Carcinoma, 2021, Volume 8: 451-465

Fu Z, Akula S, Thorpe M, et al. Potent and broad but not
unselective cleavage of cytokines and chemokines by
human neutrophil elastase and proteinase 3. Int J Mol Sci,
2020, 21(2): 651

Burster T, Knippschild U, Molnar F, et al. Cathepsin G
and its dichotomous role in modulating levels of MHC
class I molecules. Arch Immunol Ther Exp, 2020, 68(4): 25
Kudo T, Kigoshi H, Hagiwara T, et al. Cathepsin G, a
neutrophil protease, induces compact cell-cell adhesion in
MCF-7 human breast cancer cells. Mediators Inflamm,
2009, 2009: 850940

Song Y, Jin D, Chen J, et al. Identification of an immune-
related long non-coding RNA signature and nomogram as
prognostic target for muscle-invasive bladder cancer.
Aging, 2020, 12(12): 12051-12073

Chan S, Wang X, Wang Z, et al. CTSG suppresses
colorectal cancer progression through negative regulation
of Akt/mTOR/Bcl2 signaling pathway. Int J Biol Sci,
2023, 19(7): 2220-2233

Tsourouktsoglou TD, Warnatsch A, loannou M, et al.
Histones, DNA, and citrullination promote neutrophil
extracellular trap inflammation by regulating the localiza-
tion and activation of TLR4. Cell Rep, 2020, 31(5):
107602

Ioannou M, Hoving D, Aramburu IV, et al. Microbe
capture by splenic macrophages triggers sepsis via T cell-
death-dependent neutrophil lifespan shortening. Nat
Commun, 2022, 13(1): 4658

Najmeh S, Cools-Lartigue J, Rayes RF, et al. Neutrophil
extracellular traps sequester circulating tumor cells via B1-
integrin mediated interactions. Int J Cancer, 2017, 140
(10): 2321-2330

Yang L, Liu Q, Zhang X, et al. DNA of neutrophil
extracellular traps promotes cancer metastasis via
CCDC25. Nature, 2020, 583(7814): 133-138

Tang Q, Liang B, Zhang L, et al. Enhanced CHOLES-
TEROL biosynthesis promotes breast cancer metastasis

[41]

[42]

(43]

[44]

[45

—_

[46]

[47]

[48]

(49]

[50]

[51]

[52]

[54]

via modulating CCDC25 expression and neutrophil
extracellular traps formation. Sci Rep, 2022, 12(1): 17350
Hedrick CC, Malanchi I. Neutrophils in cancer: hetero-
geneous and multifaceted. Nat Rev Immunol, 2022, 22(3):
173-187

Homa-Mlak I, Majdan A, Mlak R, et al. Metastatic
potential of NET in neoplastic disease. Postepy Hig Med
Dosw, 2016, 70: 887-895

Cools-Lartigue J, Spicer J, McDonald B, et al. Neutrophil
extracellular traps sequester circulating tumor cells and
promote metastasis. J Clin Invest, 2013, 123(8): 3446-
3458

McDonald B, Spicer J, Giannais B, et al. Systemic
inflammation increases cancer cell adhesion to hepatic
sinusoids by neutrophil mediated mechanisms. Int J
Cancer, 2009, 125(6): 1298-1305

Spicer JD, McDonald B, Cools-Lartigue JJ, et al.
Neutrophils promote liver metastasis via Mac-1-mediated
interactions with circulating tumor cells. Cancer Res,
2012, 72(16): 3919-3927

Yang LY, Luo Q, Lu L, et al. Increased neutrophil
extracellular traps promote metastasis potential of hepa-
tocellular carcinoma via provoking tumorous inflamma-
tory response. J Hematol Oncol, 2020, 13(1): 3

Zha C, Meng X, Li L, et al. Neutrophil extracellular traps
mediate the crosstalk between glioma progression and the
tumor microenvironment via the HMGBI1/RAGE/IL-8
axis. Cancer Biol Med, 2020, 17(1): 154-168

Onmuma AE, Zhang H, Gil L, et al. Surgical stress
promotes tumor progression: a focus on the impact of
the immune response. J Clin Med, 2020, 9(12): 4096
Ren J, He J, Zhang H, et al. Platelet TLR4-ERKS axis
facilitates NET-mediated capturing of circulating tumor
cells and distant metastasis after surgical stress. Cancer
Res, 2021, 81(9): 2373-2385

R, B BACTTEMR AR TR R OB 2 .
iR oE SR, 2023, 2023(5): 393-396

Wu J, Dong W, Pan Y, et al. Crosstalk between gut
microbiota and metastasis in colorectal cancer: implica-
tion of neutrophil extracellular traps. Front Immunol,
2023, 14: 1296783

Castafio M, Tomas-Pérez S, Gonzalez-Cant6 E, et al.
Neutrophil extracellular traps and cancer: trapping our
attention with their involvement in ovarian cancer. Int J
Mol Sci, 2023, 24(6): 5995

Wculek SK, Malanchi I. Neutrophils support lung
colonization of metastasis-initiating breast cancer cells.
Nature, 2015, 528(7582): 413-417

Albrengues J, Shields MA, Ng D, et al. Neutrophil

extracellular traps produced during inflammation awaken


https://doi.org/10.1006/bbrc.1998.9128
https://doi.org/10.1006/bbrc.1998.9128
https://doi.org/10.1016/S1535-6108(02)00153-8
https://doi.org/10.1038/s41568-020-00329-7
https://doi.org/10.2147/JHC.S303588
https://doi.org/10.2147/JHC.S303588
https://doi.org/10.3390/ijms21020651
https://doi.org/10.1007/s00005-020-00585-3
https://doi.org/10.18632/aging.103369
https://doi.org/10.7150/ijbs.82000
https://doi.org/10.1016/j.celrep.2020.107602
https://doi.org/10.1038/s41467-022-32320-1
https://doi.org/10.1038/s41467-022-32320-1
https://doi.org/10.1002/ijc.30635
https://doi.org/10.1038/s41586-020-2394-6
https://doi.org/10.1038/s41598-022-22410-x
https://doi.org/10.1038/s41577-021-00571-6
https://doi.org/10.5604/17322693.1216275
https://doi.org/10.5604/17322693.1216275
https://doi.org/10.1172/JCI67484
https://doi.org/10.1002/ijc.24409
https://doi.org/10.1002/ijc.24409
https://doi.org/10.1158/0008-5472.CAN-11-2393
https://doi.org/10.1186/s13045-019-0836-0
https://doi.org/10.20892/j.issn.2095-3941.2019.0353
https://doi.org/10.3390/jcm9124096
https://doi.org/10.1158/0008-5472.CAN-20-3222
https://doi.org/10.1158/0008-5472.CAN-20-3222
https://doi.org/10.3389/fimmu.2023.1296783
https://doi.org/10.3390/ijms24065995
https://doi.org/10.3390/ijms24065995
https://doi.org/10.1038/nature16140

- 1410 -

CEMILEY 202452448581

[55

—_

[56]

[58]

[59]

[63]

[64]

[65]

dormant cancer cells in mice. Science, 2018, 361(6409):
eaao4227

Christof K, Hamza O, Kristin M, et al. Neutrophil
extracellular traps promote T cell exhaustion in the tumor
microenvironment, Front Immunol 2021, 785222(12):
562-576

Tay RE, Richardson EK, Toh HC. Revisiting the role of
CD4" T cells in cancer immunotherapy—new insights into
old paradigms. Cancer Gene Ther, 2021, 28(1-2): 5-17
Zheng Z, Li Y, Jia S, et al. Lung mesenchymal stromal
cells influenced by Th2 cytokines mobilize neutrophils
and facilitate metastasis by producing complement C3.
Nat Commun, 2021, 12(1): 6202-6222

Sakaguchi S, Mikami N, Wing JB, et al. Regulatory T
cells and human disease. Annu Rev Immunol, 2020, 38
(1): 541-566

Wang H, Zhang H, Wang Y, et al. Regulatory T-cell and
neutrophil extracellular trap interaction contributes to
carcinogenesis in non-alcoholic steatohepatitis. J Hepatol,
2021, 75(6): 1271-1283

Raskov H, Orhan A, Christensen JP, et al. Cytotoxic CD8"
T cells in cancer and cancer immunotherapy. Br J Cancer,
2021, 124(2): 359-367

Vesely MD, Zhang T, Chen L. Resistance mechanisms to
anti-PD cancer immunotherapy. Annu Rev Immunol,
2022, 40(1): 45-74

Teijeira A, Garasa S, Gato M, et al. CXCR1 and CXCR2
chemokine receptor agonists produced by tumors induce
neutrophil extracellular traps that interfere with immune
cytotoxicity. Immunity, 2020, 52(5): 856-871.e8
Shinde-Jadhav S, Mansure JJ, Rayes RF, et al. Role of
neutrophil extracellular traps in radiation resistance of
invasive bladder cancer. Nat Commun, 2021, 12(1): 2776
Wieland E, Rodriguez-Vita J, Liebler SS, et al. Endothe-
lial notchl activity facilitates metastasis. Cancer Cell,
2017, 31(3): 355-367

Jiang ZZ, Peng ZP, Liu XC, et al. Neutrophil extracellular
traps induce tumor metastasis through dual effects on
cancer and endothelial cells. Oncoimmunology, 2022, 11
(1): 2052418

Park J, Wysocki RW, Amoozgar Z, et al Cancer cells
induce metastasis-supporting neutrophil extracellular
DNA traps. Sci Transl Med, 2016, 8(361): 361-381
Martins-Cardoso K, Almeida VH, Bagri KM, et al.
Neutrophil extracellular traps (NETs) promote pro-meta-
static phenotype in human breast cancer cells through
epithelial-mesenchymal transition. Cancers, 2020, 12(6):
1542-1553

Zhu T, Zou X, Yang C, et al. Neutrophil extracellular traps
promote gastric cancer metastasis by inducing epithelial-

[69]

[70]

[71]

[72]

(73]

[74]

(73]

[76]

[77]

mesenchymal transition. Int J Mol Med, 2021, 48(1): 127-
138

Metzler KD, Fuchs TA, Nauseef WM, et al. Myeloperox-
idase is required for neutrophil extracellular trap forma-
tion: implications for innate immunity. Blood, 2011, 117
(3): 953-959

Berger-Achituv S, Brinkmann V, Abed UA, et al. A
proposed role for neutrophil extracellular traps in cancer
immunoediting. Front Immunol, 2013, 4: 48

Al-Benna S, Shai Y, Jacobsen F, et al. Oncolytic activities
of host defense peptides. Int J Mol Sci, 2011, 12(11):
8027-8051

Sharma P, Garg N, Sharma A, et al. Nucleases of bacterial
pathogens as virulence factors, therapeutic targets and
diagnostic markers. Int J] Med Microbiol, 2019, 309(8):
151354

Papayannopoulos V, Staab D, Zychlinsky A, et al.
Neutrophil elastase enhances sputum solubilization in
cystic fibrosis patients receiving DNase therapy. PLoS
One, 2011, 6(12): 28526

Xia Y, He J, Zhang H, et al. AAV-mediated gene transfer
of DNase I in the liver of mice with colorectal cancer
reduces liver metastasis and restores local innate and
adaptive immune response. Mol Oncol, 2020, 14(11):
2920-2935

Wang Y, Li M, Stadler S, et al. Histone hypercitrullination
mediates chromatin decondensation and neutrophil extra-
cellular trap formation. J Cell Biol, 2009, 184(2): 205-213
Li M, Lin C, Deng H, et al. A novel peptidylarginine
deiminase 4 (PAD4) inhibitor BMS-P5 blocks formation
of neutrophil extracellular traps and Delays progression of
multiple myeloma. Mol Cancer Ther, 2020, 19(7): 1530-
1538

Mutua V, Gershwin LJ. A review of neutrophil extra-
cellular traps (NETs) in disease: potential anti-NETs
therapeutics. Clin Rev Allergy Immunol, 2021, 61(2):
194-211

Song S, Gui L, Feng Q, et al. TAT-modified gold
nanoparticles enhance the antitumor activity of PAD4
inhibitors. Int J Nanomedicine, 2020, 15: 6659-6671

Jia Y, Taledaohan A, Jia R, et al. Chitosan nanomedicine
containing RGD peptide and PAD4 inhibitor based on
phenyl boronate coupling inhibition of primary tumor
growth and lung metastasis. Biomed Pharmacother, 2023,
168: 115826

Sun S, Lv W, Li S, et al. Smart liposomal nanocarrier
enhanced the treatment of ischemic stroke through
neutrophil extracellular traps and cyclic guanosine mono-
phosphate-adenosine monophosphate synthase-stimulator
of interferon genes (cGAS-STING) pathway inhibition of


https://doi.org/10.1126/science.aao4227
https://doi.org/10.1038/s41417-020-0183-x
https://doi.org/10.1038/s41467-021-26460-z
https://doi.org/10.1146/annurev-immunol-042718-041717
https://doi.org/10.1016/j.jhep.2021.07.032
https://doi.org/10.1038/s41416-020-01048-4
https://doi.org/10.1146/annurev-immunol-070621-030155
https://doi.org/10.1016/j.immuni.2020.03.001
https://doi.org/10.1038/s41467-021-23086-z
https://doi.org/10.1016/j.ccell.2017.01.007
https://doi.org/10.1080/2162402X.2022.2052418
https://doi.org/10.3390/cancers12061542
https://doi.org/10.3892/ijmm.2021.4960
https://doi.org/10.1182/blood-2010-06-290171
https://doi.org/10.3389/fimmu.2013.00048
https://doi.org/10.3390/ijms12118027
https://doi.org/10.1016/j.ijmm.2019.151354
https://doi.org/10.1371/journal.pone.0028526
https://doi.org/10.1371/journal.pone.0028526
https://doi.org/10.1002/1878-0261.12787
https://doi.org/10.1083/jcb.200806072
https://doi.org/10.1158/1535-7163.MCT-19-1020
https://doi.org/10.1007/s12016-020-08804-7
https://doi.org/10.2147/IJN.S255546
https://doi.org/10.1016/j.biopha.2023.115826

EURIR, S R AR B S e A e RS BT S

- 1411 -

[81]

[82]

[83]

(84]

(85]

ischemic penumbra. ACS Nano, 2023, 17(18): 17845-17857
Najjar YG, Rayman P, Jia X, et al. Myeloid-derived
suppressor cell subset accumulation in renal cell carcino-
ma parenchyma is associated with intratumoral expression
of IL1B, IL8, CXCLS, and Mip-la. Clin Cancer Res,
2017, 23(9): 2346-2355

Teijeira A, Garasa S, Ochoa MC, et al. IL8, neutrophils,
and NETs in a collusion against cancer immunity and
immunotherapy. Clin Cancer Res, 2021, 27(9): 2383-2393
Zhang Y, Chandra V, Riquelme Sanchez E, et al.
Interleukin-17-induced neutrophil extracellular traps med-
iate resistance to checkpoint blockade in pancreatic
cancer. J Exp Med, 2020, 217(12): €20190354
O’Sullivan KM, Holdsworth SR. Neutrophil extracellular
traps: a potential therapeutic target in MPO-ANCA
associated vasculitis? Front Immunol, 2021, 12: 635188
Zhao H, Liang Y, Sun C, et al. Dihydrotanshinone I

(86]

(87]

(88]

(89]

inhibits the lung metastasis of breast cancer by suppres-
sing neutrophil extracellular traps formation. Int J Mol
Sci, 2022, 23(23): 15180

Pan Z, Xie X, Chen Y, et al. Huang Qin Decoction inhibits
the initiation of experimental colitis associated carcino-
genesis by controlling the PAD4 dependent NETs.
Phytomedicine, 2022, 107: 154454

Haute GV, Luft C, Pedrazza L, et al. Octyl gallate
decrease lymphocyte activation and regulates neutrophil
extracellular traps release. Mol Biol Rep, 2022, 49(2):
1593-1599

FM, KEF, RR. 2 R R AR A M
AR T B BT T e v [ R 252, 2023, 2: 1-11
Bystrzycka W, Manda-Handzlik A, Sieczkowska S, et al.
Azithromycin and chloramphenicol diminish neutrophil
extracellular traps (NETs) release. Int J Mol Sci, 2017, 18
(12): 2666


https://doi.org/10.1021/acsnano.3c03390
https://doi.org/10.1158/1078-0432.CCR-15-1823
https://doi.org/10.1158/1078-0432.CCR-20-1319
https://doi.org/10.1084/jem.20190354
https://doi.org/10.3390/ijms232315180
https://doi.org/10.3390/ijms232315180
https://doi.org/10.1016/j.phymed.2022.154454
https://doi.org/10.1007/s11033-021-06937-2
https://doi.org/10.3390/ijms18122666

