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Abstract; Neutrophils, as the largest number of white blood cells in the peripheral blood, play an important role in the im-
mune response to external infection. At present, it was generally believed that Neutrophil Extracellular Traps ( NETs) mainly
kill pathogens through reactive oxygen species sterilization pathway, degranulation sterilization pathway and NETs pathway. If
the lack or inhibition of NETs pathway will lead to repeated infection, and if the excessive activation will also cause damage to
the body. This paper reviews the latest research progress on the germicidal mechanism of neutrophils in order to provide a the-
oretical basis for the follow-up studies on the specific action pathway and target of neutrophil overactivation.

Keywords: neutrophils; sterilization mechanism; reactive oxygen species; degranulation; neutrophil extracellular traps
(NETs )

TE A LR AGFR T 24 T0% 1549 11 20 B A v Mk 2
U SRENG 2 iR =P NCTRE Y W NG+ < (I8 B T
H A R e R G B GRSk RN, AR MG
i R E i AR PR B EEAE A bR g
s B R Al AR S 2 A DGR, A LR B
W b AR L S  BETE 2 ML I 5 BOPE I |, 22 )
JEYLARAL RS , I 18 i 22 Bl A A AR A T i A
PR R e 3 PR PR 25 20 . B A 3 A
i ki O P < B i B o e PR AR i B 2 W B e A
TR 2 A AR 2P 35 B M 2% ( Neutrophil Extracellu-
lar Traps, NETs) iﬁ/fmc A% B 19 A ke R B ek
il , AR KA B R R e (H A H s R B AE

HuT BSOS 2Lk, 51 28 B B etk
P, DRI AR SRR v P A RS T PR Y SRR B AT
HERAELAZE R, DU A 5 2 v 40 i i BE 3 S
AR FH g 42 A K 8 o5 A o R (I FR e BE Rl

1 AEMEREER

1.1 FHAFHERGEA PR 40 A T P
AR KIS ARl —Fh R f 88 Sk
i (MPO) ,H,0, FlIMLH s 40BEPm C17 17 (pa L
S B 57 —FpE B T 6 B R ) 4 B AL o B
(HMP) f4 L ndie, 0, 7Eif6 R4 # I (NADPH) %
{LEEFE ] F#:52 NADPH | — 45, i J5 b 4
FYHAEFC-0,7)  ANEEAHmEC - OH) i

EEWA gt BEMEY SR FEAERE BG TR Z R B pylori s 54 R G55 G X 4T 45 AT BEFFST (2016GNS029)
{EEE T I/ (1994 - ) e BT AR B B 5E T ) < SR e , F-mail :616081896@ qq. com,
IS R, Lo B B ST 1A A R A & E-mail :2845662180@ qq. com.,

EWX(1973 - ) 55 Wt E8 BFFE A EREHE A , E-mail : wangmingyil973@ outlook. com , Sy 3£ [RIE AR



162 WK ESAE $B35% S18] 2020415 J Mod Lab Med, Vol. 35, No. 1, Jan. 2020

AR (H,0,) Mg BE (0, Hp -0, -
OH,H,0, f1'0, X#FRATEMEH(ROS) ™,
1.2 ERAFEHEAGERE SRR
WY IR, BRI A9 2 ROS M) A R 1E
LK MPO 5 H,0, 75 #7038 % N F R EHT R IE WL
T 5 T B BT e 28 A A

B D A ST S o PR A A 2 T AR T R 4R
M REE RS BB R E R A E R AT
Mg i A i, e 24 L B S A P B, 0 AR 7
AL T 1A e /N AR pl T D 308 o %) ) g
FEOFATCIEPER) NAD (P) H S L BEREMTS , 28 )5 fiE
LA R - 0,757 - 0, NAENR I B it
HALYNMIRER A, - 0, Bk T RS i E A0
B, AE 40 B P9 R BETE L - OHL'0, A1 H,0, %4
BT, - OH,' O, FREAE AR E 0 AL, A AT LA
SR ) B S S R R A R R KA B, T
AR, X B E A R R RO E L, 1 H,0,
A B AT R B, B fE S - 0,7 A OH, 'O, finds
FAERCRES L A, Ak g i b YRR MPO
ie 5 H,0,, | e R R AR W AR, 9 fR Ay it -
i-p R, AR I PLE R R WAL AR, ek
S I ISF i G D5t A 2 v Y AR Ak e b, IR
P28 e IEUA R B RS MR IR
2 BERFEERE
2.1 BLBEABEZRGER PRI A
AR 25 AN AT JC ks, 73 5 A v K kL R S
ook AN = SR, b MR 20 B AT I ORL R 1 R
Wk , AL S A K MPO iR — 24 A R E
) Fh PR A M 22 22 R B 1 8 ((NSPs) -4 2T F g G
(CG) . ¥k b 40 M 5 PE 3 (8§ (NE) L3 g 3
(PR3) FILHAD AW o 45 S vk ks 0 75 A SLEk
HA REHAS, FEAP U KRR R E
FEH) R, — S0k A5 5 R & A RS
2.2 BLEBZEEAERE kgAY B
Tookr 3% R TR B 09 Dok ok B A e R
BiEowR @ PRI B4 SRR, NE A (LA A
AN A FHE R KR IR A i, i BE 24 4 IR
AR ER 1 B ST 7% 2 71, B Ak AR R EQ O HEA
MBI . S, CC fE i 4 0 (0 8 45 2K B 19 55
BRI AL PR3 WU HE T &) hCAP-18 4= pl T K LL-
37, WFEARN,NE, CG F1 PR3 2 [A] % 44 B [ 75 1 5%
RATMEROE M AT e BEER B L LR A AT
S5k o0 2 D £ T R A W A, B 4 R G A
0 AT 55 20 T 20 D BE 1 RS 2 B A5 G, N A R b
B A REREE T HT -ATP B T e 1 A4 I+
3, T T B2 e A B B e A, LK

FHILEEW S 5 ROS #9=4E vE SR bR
A BT BE K REAE S 40 T 20 BE 4 2 R R A Y
N- £ Tk i B Rl R IN- £ Tt L % 2 ] i) B i, A ke 39)
ot st 2 P PR B O R PR

3 MSMRE MRS

3.1 e FE MG aamm Mok g0 Y
NETs £ #] /& f1 BRINKMANN %51 % i 4% 2 4y i
KSR TR AR R T NETs, DNA 2 NETSs f) 3245 4,
PR 1B AL LA 25 A R . e R ORL L S
L = R R T R T

3.2 ReShAH M ARG RALE NETs 2L
“H AT BB K SR AR LR AP BILA , kL 2
R e € 5 2 A e R OE SR R L A BB i DINA JL
% PRI 400 TR A 8 B T AR R SRR S A e (U
e 2% BRI 2L rh PR ORD 4 B BE T, NETs B B iR
",

NETs 958 B AE M PLE] = 2R LU Wbk
FEVE R : (DDNA JE B A9 5 5 B 22 45 #4) 1l PR 1) ol 2k
G0 JE AR AL TE AR P I A1, R B T A b AR
M RE IR/ A8 B 0T ) R, A T L AR AR
D, 3N T IR RS R BT B @b R A B
RS2 @ TR RTER 95 V- i P - o RN (L C S 50
J& NETs A% B VR R 7E b P 40 i A9 75 W6 4 1 oF
Ui RE LR 30, BLZESRAPE 2 SR Ak AR
ELAT SCHRRE , NETs GEGE R K ZRp 40 F L5, 3 %
A4 AR ARSI & B, ROS RYAETE
& NETs A= i IR ™
4 PR A AR SR B R R RO ER SR S

rp PR £ I T P SR P R AR TR TR MR B0
RN R E BB, — B IR E I EE
Bk B SEHUATYT A BB RE T R BIR .
N5 AL 55 12 P 1A ZE B ( chronic granulomatous dis-
ease,CGD) , HRF di J& R T- NADPH kil i B A bt
SRR E ROS (Y7~ =, F LA CGD R Ay
A £ A ) 7 AR )RR R S e R R, (HANRE
DAIE T3 S FEAE 3 40 BT A N 0 40 R S E
BT T B R

S RE G VR ORI TR VA N B e 70 N W 1 L
AW AE B . -8 R Z5% 5 AE ( Papillon-Leféevre
syndrome , PLS ) J& — Fj 5% WL i) 7 U2 (8 f Faik it 4% 9
9, HLAB A A — A Tl B X A R Y K
HE BRI, A SR SE & B, PLS H 3 Y NSPs 8 %
(T N e = R R 8 d ) A B 1
9 ( CML) fR 35 [R] JHL g 7 WA A 7 10 25 3 AN R & A
s LLE T A H,0,, N8 A0 BT R
B B 18 AR B B 2551 ( myelodysplastic syndromes,

MDS ) #0758 42 R kT P4 75 i, X 2 CML



B IBESZE H35% 18 2020451 5 J Mod Lab Med, Vol. 35, No. 1, Jan. 2020 163

FIMDS 2% 580 A B e iy s [ 2 —

0 S RIE 5L, NETs B 42 0] i A 200 0 2% R i
( deoxyribonuclease, DNase ) [ i , B B 4 0 5 {4 9%
NETs fff #£ 5 K'**', BEITER %' A% 8 & A
DNase ) fifi 4 5 R 7 45 305 388 7 0k 00 B0 DA L 0P g i 9
R il 0L 2 P S SR A 48, A A 52 86 E i A
DNase i 57030 7 DNase (93525 , 96 5K B 0w
P S A
5 BRI AR E R RN ERUE

w7 4 A T 2h R A A, ML 5 32 ke ]
4 eh Yy 40 i B i B S I, S 4L, SR £
T 7 X BB AT R i B K R 21 U AT U0 A
(5 ULEE, Az 80 Sl 5 i R 7 B S ) MPO JH Pk
A A S 8% 42, S MPO 2 5 1 e i 2% 5
LHLIAR P ROS & BEE NS , Sk SOIR 25 B 2, #L
PRI N B A A, 375 S 22 ol At L R ) 2 L i
We K F7E RA B9 % A R R bl AR TS L
4, ROS Fhm ks 30 DNA 4k 45 oA, X 251
S B btk JEMiVE & SLE S5

Hr R AT P AR Y i £ NSPs A3 23 X HIL {4 20 41
AR 15, ol e T 2K 1 S AP P Y P TR
NSPs il il 5], ‘& HEA & e 90 il NE, CG 9 75% v, Ho Bk
G 51V BH FEPE I 4 4 A S TAR 6 . DABEK
SRR CG 53595 P45 W 4 1 & 99 A1 G, CG T
VA iz b Fz 240 A To ] 7 B B 8L TS A2 /A4 ( PAR4)
P B G 2T S B K G Bl R U2 HE S E RN

NETs SR & 98 K B A H 20 fE, (H 24 NETs &
WA RIS 25 7 AR R B B PR, 37 A Bt 25 B
WRER LA ARG . BEE LT S R Ry
A KB DNA F# Pk 3 A, 78 XF B 3R U A
DNase J7 ik, B AYAE IR M S GEAS 2] 1 o3t , 2
7 NETs AT fiE5 5000 19 & AR & R AT G5 L B0 3
5 A i 8 B, ] mp P e 0 i 7 A A NETs , 7E R il
T 5 5 | 6 5 2 0 P 9k TR P i R K
7 d o P R 0 £ SRR B AR 4
6 RE

Hr P AT R A ARG BT A S e Y e 5 A
B, T LA W 228 AR 0 B0 o S A, G o o R 42
&7 R NETs 25 38 42 605 5 A R 1738 4%, 4 ik
HATE TR Z M, 25 Mok 4 i A ik 18
BB s e S BOMLAAR Sz A S A HL ™ R A SR
SRR, (A3 H B s PR 40 i A9 A% IO JE R
YERD, DL 2 T v b 40 i a3 S, e 2 i L
A%, 15 LA Rl B e i A, (EUE o R A
Pt sk B S8 5 LA B 4 P 3 422 A B A A A B i i
4 A 8 4 I, DR) Ik S T B 0 ot A5 6T J 2 1 9 A 1Y

T A RORA R 3 3 I il R T Pk 2
M B A A AR R 32 B AR T, DA B0 A4 Y B 10
F e

SE 3k

(1] BME. TL-6 M4y G-CSF Sk 45 rh ML 40 i e 190

R RES S H 7 AR A A [ DL s AR h Rl L
K2E,2013.
YAN Bin. 1I-6 cooperates with G-CSF to induce protu-
mor function of neutrophils by modulaintg their degran-
ulation function[ D]. Wuhan; Huazhong University of
Science and Technology,2013.

[2] GLENNON-ALTY L, HACKETT A P, CHAPMAN E
A, et al. Neutrophils and redox stress in the patho-
genesis of autoimmune disease [ J]. Free Radic Biol
Med,2018 ,125.25-35.

[3] EL-BENNA ], HURTADO-NEDELEC M, MARZA-
IOLI V, et al. Priming of the neutrophil respiratory
burst; role in host defense and inflammation[ J]. Im-
munological Reviews, 2016, 273(1, SI) . 180-193.

[4] SAHAP, YEOHBS, OLVERAR A, et al. Bacterial
siderophores hijack neutrophil functions[ ]]. Journal
of Immunology ( Baltimore, Md. : 1950), 2017, 198
(11) . 42934303.

[5]  fH7RM, B =R, Sakii. th 2 T8 Bok 40 M it A B
HLEE[J]. SRR R 22 B 24, 1993 ,18(4) :276-278.
FU Chengbin, ZHOU Yunging, WU Yongnan, et al.
Germicidal mechanism of neutrophils| J ]. Journal of
Bengbu Medical College, 1993,18(4) :276-278.

[6] WITKO-SARSAT V, RIEU P, DESCAMPS-LATSCHA
B, et al. Neutrophils; molecules, functions and patho-
physiological aspects [ J ]. Laboratory Investigation,
2000, 80(5) : 617-653.

[7] HAMPTON M B, KETTLE A J, WINTERBOURN C
C. Inside the neutrophil phagosome: oxidants, my-
eloperoxidase, and bacterial killing [ J]. Blood,
1998, 92(9): 3007-3017.

(8] JHR<Fdin, glATs. r P 40 O P IR A A2 g 7= AL L) B
SRRV T . FEAREE2E SR, 2004,24(1) :1-6.
XING Yukun, ZHANG Wei. Mechanisms of neutrophil
respiratory burst and its inflammatory effects [J]. Basic
Medical Sciences and Clinics, 2004,24(1):1-6.

(97 XMmEME. o B P 2 440 i Xof g v P 6 40 3% 1 2
RERYEZIR [ D . A5 b RUf 2B, 2014,

LIU Xiaoye. Effects of microvascular endothelial cells
on neutrophil bacterial killing [ D ]. Beijing: Beijing
Agricultural College 2014,

[10] STAPEIS D A , GEISBRECHT B V, ROOIJAK-
KERS S H . Neutrophil serine proteases in antibacte-
rial defense. [ J]. Current Opinion in Microbiology,
2015,23.42-48.



164

AR R

BIE HF1Y

202041 H ] Mod Lab Med, Vol. 35, No. 1, Jan. 2020

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

BURGENER S S, FRANCOIS LEBORGNE N G,
SNIPAS S J, et al. Cathepsin G inhibition by ser-
pinbl and serpinb6 prevents programmed necrosis in
neutrophils and monocytes and reduces GSDMD-
Driven inflammation | J |. Cell Reports, 2019, 27
(12) : 3646-3656 ,e5
TENG Tieshan, JI Ailing, JI Xinying, et al. Neutro-
phils and immunity; from bactericidal action to being
conquered [ J]. Journal of Immunology Research,
2017, 2017(3) : 9671604.
EMBLETON N D, BERRINGTON J E, MCGUIRE
W, et al. Lactoferrin: antimicrobial activity and
therapeutic potential [ J]. Seminars in Fetal & Neo-
natal Medicine, 2013, 18(3) . 143-149.
MAYEUR S, SPAHIS S, POULIOT Y, et al. Lacto-
ferrin, a pleiotropic protein in health and disease
[J]. Antioxidants & Redox Signaling, 2016, 24
(14): 813-836.
GRIGORIEVA D V, GORUDKO IV, SOKOLOV A
V, et al. Myeloperoxidase stimulates neutrophil de-
granulation[ J]. Bulletin of Experimental Biology and
Medicine, 2016, 161(4) . 495-500.
BRINKMANN V, ZYCHLINSKY A. Neutrophil ex-
tracellular traps: is immunity the second function of
chromatin? [J]. The Journal of Cell Biology, 2012,
198(5) . 773-783.
KHANDPUR R, CARMONA-RIVERA C, VIVEKA-
NANDAN-GIRI A, et al. NETs are a source of cit-
rullinated autoantigens and stimulate inflammatory
responses in rtheumatoid arthritis. [J]. Sei Transl
Med. 2013,5(178) :178rad0.
PAPAYANNOPOULOS V. Neutrophil extracellular
traps in immunity and disease J]. Nature Reviews
Immunology, 2018, 18(2) ; 134-147.
ALFLEN A ,ARANDA LOPEZ P,HARTMANN A K,
et al. Neutrophil extracellular traps impair fungal
clearance in a mouse model of invasive pulmonary as-
pergillosis[ J ]. Immunobiology, 2019 , pii: S0171-
2985(19)30289-X.
SOLLBERGER G,TILLEY DO,ZYCHLINSKY A. Neu-
trophil Extracellular Traps :the biology of chromatin ex-
ternalization| J |. Developmental Cell, 2018, 44(5).
542-553.
JENNE C N, KUBES P. Virus-induced NETs-criti-
cal component of host defense or pathogenic media-
T 1. PLeS 2015, 11
(1): el004546.
BUCHANAN J T, SIMPSON A J, AZIZR K, et al.
DNase expression allows the pathogen group A Strep-

tor? Pathogens,

tococcus to escape killing in neutrophil extracellular

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

traps[ J]. Current Biology, 2006, 16(4) : 396-400.
HOENDERDOS K, LODGE K M, HIRST R A, et
al. Hypoxia upregulates neutrophil degranulation and
potential for tissue injury [ J]. Thorax, 2016, 71
(11) . 1030-1038.

RAWAT A, BHATTAD S, SINGH S. Chronic gran-
ulomatous disease[ J]. Indian Journal of Pediatrics,
2016, 83(4) . 345-353.

PHAM C T, IVANOVICH J L, RAPTIS S Z, et al.
Papillon-lefévre syndrome; correlating the molecular,
cellular, and clinical consequences of cathepsin C/
dipeptidyl peptidase 1 deficiency in humans [ ] ].
Journal of Immunology ( Baltimore, Md. : 1950),
2004, 173(12) ; 7277-7281.

BEITER K, WARTHA F, ALBIGER B, et al. An
endonuclease allows Sireptococcus pneumoniae to es-
cape from neutrophil extracellular traps[J]. Current
Biology, 2006, 16(4) . 401407.

WAL TR, Hh/NBE, . AR I B S U
it 6 A R R 200 T W 2 B 9 3R IR KO
Ak B LT ] BARK 36 B2 22 2%, 2016,31(6) -
70-73.

YANG Xiaohong, XU Qinglei, MA Xiaobo, et al.
Level of granulocyte macrophage colony stimulating
factor in bronchoalveolar lavage fluid from elderly pa-
tients with asthma bronchial and their significance
[J]. J Mod Lab Med,2016,31(6) .70-73.

CECCHI I, ARIAS DE LA ROSA I, MENEGATTI E
A, et al. Neutrophils: novel key players in rheumatoid
arthritis. current and future therapeutic targets [ J].
Autoimmunity Reviews, 2018, 17(11, SI) . 1138-1149.
GERGELY P, GROSSMAN C, NILAND B, et al.
Mitochondrial hyperpolarization and ATP depletion in
patients with systemic lupus erythematosus[ J]. Ar-
thritis and Rheumatism, 2002, 46(1) : 175-190.
MCCARTHY C, REEVES E P, MCELVANEY N G.
The role of neutrophils in alpha-1 antitrypsin defi-
ciency[ J]. Annals of the American Thoracic Socie-
ty, 2016, 13(Suppl 4) : $297-S304.

DABEK M, FERRIER L, ANNAHAZI A, et al. In-
tracolonic infusion of fecal supernatants from ulcera-
tive colitis patients triggers altered permeability and
inflammation in mice: role of cathepsin G and prote-

ase-activated receptor<4 [ J]. Inflammatory Bowel

Diseases, 2011, 17(6) ; 1409-1414.

LEE W L, GRINSTEIN S. The tangled webs that
neutrophils weave| |]. Science, 2004, 303(5663) :
1477-1478.

¥ #E B #5:2019-11-12
&5 5 #§:2019-12-07



